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EDITORIAL    PREFACE 

Professor  Solereder's  prefaces,  to  the  original  German  edition  and  to 
the  present  English  translation,  explain  so  clearly  the  object  and  scope  of  his 
book  that  it  is  unnecessary  to  enter  on  any  further  detailed  exposition  of  its 
purpose. 

The  work  is  universally  recognized  among  Botanists  as  the  standard 
authority  on  the  subject  of  the  anatomy  of  plants  as  applied  to  systematic 
purposes ;  though  limited  to  the  Dicotyledons,  Professor  Solereder's  book 
must  serve  as  the  type  of  aU  treatises  dealing  with  the  structure  of  other  classes 
from  a  similar  point  of  view.  Covering,  as  it  does,  with  marvellous  complete- 
ness and  exactitude,  the  most  extensive  and  important  division  of  the  Vegetable 
Kingdom,  the  *  Systematic  Anatomy '  forms  an  indispensable  work  of  reference 
to  all  engaged  in  systematic  studies,  and  serves  at  the  same  time  as  by  far 
the  best  source  from  which  students  may  gain  an  idea  of  the  objects  and 
methods  of  this  young  and  vigorous  branch  of  Botany. 

Until  recently,  the  study  of  anatomical  structure  in  relation  to  taxonomy 
has  been  but  little  pursued  in  this  country,  though  a  beginning  was  made, 
many  years  ago,  by  some  of  our  greatest  systematists.  The  present  translation 
will,  it  is  hoped,  much  facilitate  the  introduction  of  modem  anatomical  methods 
into  the  daily  work  of  the  Herbarium  and  the  Economic  Museum.  One  of 
the  advantages  of  the  study  of  systematic  anatomy  is  that  it  brings  together 
the  work  of  the  laboratory  botanist  and  the  taxonomist,  each  of  whom  has 
hitherto  often  remained  too  much  isolated  in  his  own  department. 

The  case  for  the  anatomical  method  is  put  by  the  author  with  singular 
judgement  and  moderation,  as  will  be  seen  from  the  Introduction  and  the 
Concluding  Remarks.  The  latter  form  a  very  full  and  valuable  sununary  of 
the  various  anatomical  characters  and  their  value  in  classification  ;  they  may 
be  read  \%ith  interest  and  advantage  by  all  students  of  botany,  whether  their 
bent  be  systematic  or  otherwise. 

It  may  be  pointed  out  that  the  English  edition  has  been  brought  thoroughly 
up  to  date,  both  the  Addenda  and  the  Concluding  Remarks  having  received 
from  the  author's  hand  aU  the  emendations  which  will  be  embodied  in  the 
new  German  edition. 
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The  work  of  translating  so  extensive  a  treatise,  embracing  such  a  vast 
amount  of  minute  and  accurate  detail,  has  naturally  been  extremely  arduous ; 
and  the  translators,  llr.  Boodle  and  Dr.  Fritsch,  are  to  be  congratulated  on 
the  successful  completion  of  their  labours.  The  translation,  first  begun  by 
llr.  Boodle,  was  carried  out  jointly  by  him  and  his  colleague  up  to  the  end  of 
the  Natural  Orders;  the  work  of  translating  the  Addenda  and  Gmduding 
Remarks  fell  to  Dr.  Fritsch  alone. 

My  own  part  has  consisted  in  the  revision  of  the  proofs  throughout,  and 
in  the  necessary  consultations  with  the  translators  on  all  questions  that  arose 
in  the  course  of  their  work.  I  have  aimed  at  securing  a  sufficient  uniformity 
of  style  throughout  the  book,  and  have  satisfied  myself  that  the  translation 
faithfully  conveys  the  author's  meaning.  The  rendering  of  technical  terms 
has  in  some  cases  presented  a  certain  amount  of  difficulty ;  it  is  proposed  to 
add  a  glossary  of  the  less  familiar  terms,  with  their  German  originals,  at  the 
end  of  the  second  volume. 

Some  additional  references  to  the  Uterature,  which  came  in  too  late  to 
be  appended  to  the  lists  under  each  Natural  Order  in  the  Addenda,  will  be 
found  collected  at  the  end  of  the  book. 

D.  H.  SCOTT. 

March  31,  1908. 


PREFACE   BY  THE  AUTHOR 
TO  THE   ENGLISH   EDITION 

The  present  English  edition  of  the  '  Systematische  Anatomie  der  Dico- 
tyledonen/  originally  published  in  the  year  1899  by  F.  Enke  in  Stuttgart, 
contains  the  translation  of  the  Introduction  and  of  the  Anatomical  Characters 
of  the  Dicotyledonous  Orders  (pp.  1-903  of  the  German  edition).  This,  the 
principal  part  of  the  book,  is  followed  by  an  appendix,  compiled  at  the 
request  of  my  English  colleagues,  whidi  summarizes,  under  the  respective 
Orders,  the  results  of  recent  researches.  The  book  terminates  with  the 
*  Concluding  Remarks,'  which  give  a  survey  of  the  anatomical  characters  of 
the  vegetative  organs  and  of  the  distribution  of  these  characters  among  the 
Dicotyledons,  and  constitute  a  revised  treatment  of  the  '  Schlussbemerkungen  ' 
of  the  original  German  edition  (pp.  904-79). 

As  regards  the  arrangement  of  the  subject-matter  and  the  terminology  of 
the  species,  exactly  the  same  plan  has  been  followed  in  the  Addenda  as  in  the 
principal  part  of  the  book  (see  the  preface  to  the  German  edition).  The 
Orders  are  dealt  with  in  the  sequence  of  Bentham  and  Hooker's  system.  In 
the  descriptions  of  the  individual  Orders  supplementary  details  to  the  *  review 
of  the  anatomical  features,'  the  '  structure  of  the  leaf,'  the  '  structure  of  the 
axis  '  and  in  some  cases  also  the  '  structure  of  the  root '  succeed  one  another. 
In  the  sections  devoted  to  the  structure  of  the  leaf  and  the  structure  of  the 
axis  the  anatomical  characters  are  discussed  in  the  same  serial  order  as  in  the 
principal  part  of  the  book.  A  considerable  amount  of  trouble  has  been  taken 
in  completing  the  references  to  literature  ;  papers,  of  which  I  was  acquainted 
with  the  title  only  or  of  which  only  abstracts  were  available,  are  again  placed 
in  square  brackets.  Readers  who  are  conversant  with  the  subject  will  also 
find  new  observations,  which  have  not  yet  been  published  elsewhere,  intro- 
duced from  time  to  time. 

In  concluding,  I  should  like  above  all  to  express  the  pleasure  which  the 
translation  of  my  book  has  afforded  me,  for  it  carries  with  it  the  hope  that 
the  anatomical  method  will  find  new  adherents,  who  are  so  necessary  for  its 
further  elaboration  and  obligatory  introduction  into  all  systematic  researches 
(monographs,  questions  of  affinity,  establishment  of  new  genera  and  species). 
At  the  same  time  I  wish  to  tender  my  heartiest  thanks  to  the  translators 
for  the  great  labour  expended  on  the  preparation  of  this  work,  as  well  as  to 
the  Delegates  of  the  Clarendon  Pr^  for  their  invariable  readiness  to  meet 
my  wishes,  and, — last  not  least, — to  all  the  colleagues  who  have  assisted 
me  in  my  work  by  the  forwarding  of  separate  copies  or  of  material  for 
investigation. 

H.  SOLEREDER. 

EftLANGKN, 

0(U^,  1907. 
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*  The  next  hundred  years  will  be  devoted  to  the  anatomical  method ; ' 
these  significant  words  of  an  illustrious  Botanist^  are  directly  responsible  for 
the  production  of  this  book.  Repeated  earlier  attempts  had  been  made  to 
employ  the  characters  afforded  by  the  anatomy  of  the  vegetative  and 
reproductive  organs,  in  conjunction  with  external  features,  for  systematic 
purposes,  and  for  a  long  time  such  characters  had  been  of  service  to  those 
engaged  in  appUed  science  as  a  means  of  determining  vegetable  products. 
Both  De  CandoUe  and  Endlicher  had  found  anatomical  characters  useful  in 
the  division  of  the  Phanerogams  into  the  two  great  groups,  the  Monocotyledons 
and  Dicotyledons.  It  is  only  in  recent  times,  however,  that  certain  well-known 
investigators,  and  foremost  among  them  Radlkofer,  have  succeeded  in 
demonstrating  in  a  convincing  manner  the  scientific  value  of  anatomical 
characters  for  systematic  purposes,  and  in  founding  an  anatomical  method. 
With  the  help  of  this  they  have  been  able  to  solve  systematic  problems  which 
otherwise  could  scarcely  have  been  elucidated,  and  to  throw  an  essentially 
new  light  on  scientific  questions  relating  to  the  deUmitation  of  species, 
genera  and  Orders,  as  well  as  to  natural  affinities.  Considering  these 
briUiant  results  it  is  not  surprising  that  small  success  attended  the 
opposition  of  systematists  of  the  old  school,  who  were  averse  to  the  un- 
accustomed use  of  the  microscope  in  this  department  of  Botany,  and  feared 
lest  they  should  have  to  resign  their  favourite  science  to  their  yoimger, 
initiated  colleagues ;  and  it  is  not  to  be  wondered  at  that  the  new  method 
gained  a  sound  footing.  On  the  other  hand,  it  is  not  unnatiu-al  that  a  number 
of  Botanists  of  the  new  school  expected  too  much  from  the  anatomical 
method,  and  not  only  looked  for  a  revival  of  systematic  Botany  on  a  surer 
foundation,  but  also  for  an  entirely  new  Natural  System. 

Now  that  nearly  a  decade  and  a  half  have  elapsed  since  Radlkofer's 
memorable  speech  was  dehvered,  and  hundreds  of  papers  have  been  published 
affording  numerous  data  on  the  value  of  anatomical  characters  considered 
generally  or  within  the  limits  of  certain  Orders,  the  time  appears  to  have 
come  for  summarizing  the  results  attained,  and,  with  the  aid  of  the  data 
which  have  been  established,  for  forming  a  decision  as  to  how  far  our 
expectations  of  the  anatomical  method  have  been  justified. 

Having  been  trained  in  Radlkofer's  school  of  Botany,  my  own  scientific 
researches,  as  well  as  a  study  of  the  literature  of  the  subject  and  the  share  in 
the  direction  of  Radlkofer's  laboratory  entrusted  to  me,  imbued  me  with 
a  keen  interest  in  the  development  of  the  new  line  of  systematic  anatomical 
investigation — first  elevated  by  Radlkofer  to  the  rank  of  a  scientific  method. 
As  a  consequence  I  have  for  many  years  realized  the  need  for  a  summary  of 

*  Radlkofer,  Uebcr  die  Meth.  in  d.  bot.  Syst.  insbei.,  d.  anat.  Mcthode.    Festrede,  Munich,  1883, 
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the  results  acquired,  and  have  desired  to  undertake  the  work.  I  therefore 
gladly  accepted  the  publisher's  invitation  to  write  a  book  on  this  subject.  It 
cannot  be  expected  that  the  value  of  this  work  will  rise  to  the  level  of  the  high 
aims  of  the  anatomical  method,  notwithstanding  the  great  amount  of  labour 
expended  by  me  on  the  study  of  the  various  treatises  (which  sprang  up  like 
mushrooms!),  on  the  re-investigation  of  doubtful  statements,  and  on  numerous 
supplementary  investigations  of  my  own,  which  a  reader  conversant  with  the 
subject  will  find  scattered  here  and  there.  It  was  not  possible  to  give  the 
di£Ferent  Orders  a  completely  uniform  treatment,  since  the  investigations  were 
not  always  equally  thorough;  in  those  cases  in  which  only  preliminary 
statements  were  available,  it  was  necessary  to  quote  them  in  some  detail,  in 
order  to  avoid  generalizations,  and  to  enable  the  reader  to  appreciate  the  gaps 
in  our  present  knowledge.  The  prolonged  period  during  which  this  work  has 
been  in  course  of  preparation  may  also  form  an  excuse  for  such  inequalities 
of  treatment  as  have  been  retained.  As  a  result  of  my  honest  endeavours, 
however,  I  think  I  may  say  that  this  book  gives  a  review  of  the  results  hitherto 
obtained,  and  will  thus  form  a  basis  for  future  supplementary  investigations, 
and  a  useful  handbook  for  those  concerned  with  systematic  problems.  It  will 
also  be  of  value  in  appUed  Botany,  inasmuch  as  the  economic  Botanist  had 
hitherto  no  handbook  for  the  determination  of  raw  vegetable  products  of 
unknown  origin,  and  also  to  the  physiologist  who  wishes  to  obtain  information 
on  the  anatomy  of  the  plants  used  in  his  experiments,  and  on  the  distribution 
of  certain  anatomical  features  which  are  connected  with  special  functions. 

As  regards  the  general  plan  of  the  book  and  the  arrangement  of  the 
subject-matter  in  the  description  of  the  individual  Orders,  the  following  points 
may  be  mentioned.  The  Introduction  deals  chiefly  with  the  value  of  the 
anatomical  method  and  of  anatomical  characters,  and  touches  on  the  problems 
connected  with  this  subject.  The  Introduction  is  followed  by  a  description 
of  the  anatomical  features  in  the  individual  Dicotyledonous  Orders,  the  serial 
arrangement  of  the  latter  being  the  same  as  in  Bentham  and  Hooker's  Genera 
Plantarum.  The  description  of  each  Order  begins  with  a  short  review  of  the 
anatonttcal  characters,  with  the  help  of  which  it  is  possible  to  determine 
whether  a  given  plant  may  be  regarded  as  a  member  of  that  Order  or  not. 
More  detailed  statements,  forming  an  amplification  of  this  review,  are  given 
in  the  succeeding  sections,  which  are,  as  a  rule  (in  the  larger  Natural  Orders), 
arranged  under  the  headings — *  Structure  of  the  Leaf,'  and  'Structure  of  the 
Axis.'  In  order  to  avoid  confusion,  the  different  species  cited  in  connexion 
with  the  various  anatomical  features  are  enumerated,  without  regard  to 
synonymy,  under  the  names  assigned  to  them  by  the  authors  who  demonstrated 
these  anatomical  characters  in  the  species  in  question ;  in  those  cases  in  which 
the  specific  name  b  placed  between  inverted  commas,  this  is  done  to  indicate 
that  I  was  unacquainted  with  the  name.  In  the  sections  on  the  structure 
of  the  leaf  and  axis  the  individual  anatomical  features  are  taken  serially,  and 
certain  of  them  are  made  prominent  by  the  use  of  Clarendon  t>'pe.  In  this 
coonexioQ  it  is  only  necessary  to  point  out  that  characters  which  are  common 
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to  the  leaf  and  axis  (such  as  the  hairy  covering,  oxalate  of  lime  and  other 
contents,  internal  secretory  organs,  &c.)  are  in  most  cases  described  jointly 
for  both  these  organs;  these  features  are  generally  dealt  with  under  the 
structure  of  the  leaf,  since  they  are  more  readily  observed  in  the  leaf,  and 
have  consequently  been  examined  for  the  most  part  with  special  reference 
to  that  organ.  Statements  on  the  structure  of  the  root  are  occasionally 
appended  to  the  section  on  the  structure  of  the  axis.  In  general,  however, 
the  root  is  not  dealt  with  in  detail,  because  the  existing  researches  on  this 
subject  are  not  sufficiently  comprehensive,  owing  to  the  difficulty  in  procuring 
material,  while  the  results  obtained  are  not  of  any  special  consequence  in 
the  diagnosis  of  an  Order.  At  the  end  of  the  description  of  each  Order  there 
will  be  found  a  list  of  the  papers  published  up  to  1898;  these  form  the  basis 
of  the  statements  included  under  the  Order,  and  from  them  the  reader  may 
obtain  further  information.  The  arrangement  of  the  references  in  these  lists 
of  literature  is  chronological ;  as  a  rule  the  titles  of  the  papers  are  quoted  in 
an  abbreviated  form,  and  only  such  as  contain  no  more  than  a  few  isolated 
data  are  omitted ;  papers,  of  which  I  was  acquainted  with  the  title  only,  are 
placed  in  square  brackets.  The  principal  part  of  the  book  is  followed  by 
the  'Concluding  Remarks' ;  these  constitute  a  summary  of  the  existing  data 
in  the  form  of  an  enumeration  of  the  anatomical  characters,  which  are  con* 
sidered  in  relation  to  their  systematic  value :  the  Concluding  Remarks  together 
with  the  Introduction  may  also  serve  as  a  guide  to  the  anatomical  method. 

In  the  use  of  this  book  a  knowledge  of  plant-anatomy  is  taken  for  granted. 
Readers  requiring  information  on  this  subject  may,  besides  using  the  ordinary 
botanical  textbooks,  consult  such  works  as  De  Bary's  Vergleichende  Anatomic 
der  Vegetationsorgane,  translated  in  this  series.  Haberlandt's  Physiologische 
Pflanxenanatomie,  Tschirch's  Angewandte  Pflanzenanatomie,  or  Van  Tieghem's 
Trait6  de  Botanique,  vol.  i. 

In  concluding  this  preface  I  wish  to  express  my  warmest  thanks  to  all 

those  who  have  assisted  me  in  the  publication  of  this  book.    Above  all  I  am 

indebted  to  Professor  L.  Radlkofer,  to  whom  I  dedicate  this  book  with  grateful 

veneration.    I  am  also  deeply  indebted  to  the  Kdniglich  Bayerische  Akademie 
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INTRODUCTION 

The  anatomical  method  ^  consists  in  the  methodical  employment  of  the 
micro-anatomical  and  micro-chemical  characters  of  the  vegetative  and  repro- 
ductive orrans  in  systematic  researches. 

For  a  long  time  anatomical  characters  have  been  made  use  of  in  the  deter- 
mination of  plants.  Apart  fncnn  the  fact  that  those  concerned  with  pharmaco- 
logy, palaeophytology,  lorestiy,  and  more  especially  cryptogamy,  have  employed 
them  m  the  identification  of  their  material,  systematists,  dealing  vrith  the  higher 
plants,  have  from  early  times  made  use  of  sach  characters— almost  unawares — 
m  conjunction  with  external  features.  The  phrases  *  folia  pellucide  punctata,' 
'  folia  subtus  opaca,'  'nervi  inmiersivel  elevati,' and  others  like  them,  occurring 
in  their  descriptions,  are  merdy  the  expression  of  definite  anatomical  features, 
although  lacking  that  sharp  precision  which  can  only  be  attained  by  the  use 
of  the  microscope.  The  innovation,  due  to  the  anatomical  method,  however, 
lies  in  the  use  of  the  microscope — formerly  the  instrument  of  the  pbysiolocncal 
botanist  only — ^in  systematic  researches,  and  further  consists  in  the  methodical 
anatomical  mvesti^tion  of  one  species  after  another. 

The  actual  idea  of  employing  the  internal  structure  for  systematic  purposes 
originated  in  very  early  times  and  has  repeatedly  been  put  forward.  To  quote 
an  early  example:  Linnaeus,  in  the  '  Genera  Plantarum  (Ratio  operis,  under  5), 
hints  at  its  employment  for  specific  diagnosis  in  the  words  '  Ergo  species  tot 
sunt,  quot  diversae  fortnae  seu  strndutae  plantarum  . . .  hodiemum  recurrunt.' 
Again,  in  De  Candolle's  and  Endlicher's  systems  we  find  anatomical  features 
of  the  stem  employed  for  the  distinction  of  the  noups  of  plants  now  termed 
Monocotyledons  and  Dicotyledons,  and  in  Hartius^s  description  of  the  Coniferae 
the  nature  of  the  wood  is  included  in  the  diagnosis.  Since  the  time  of  the  two 
Tussieus,  stress  has  been  laid  not  only  on  the  occurrence  of  endosperm  in  the  seed, 
but  also  on  its  nature  with  reference  to  starchy  or  oily  contents;  that  is  to  say, 
the  svstematic  significance  of  micro-chemical  characters  had  already  been  recog- 
nized. Mirbel  and  Chatin  went  much  further.  The  first  of  these  authors,  m 
the  Ann.  du  Hus.,  t.  xv,  1810,  distinctly  expresses  the  opinion  that  comparative 
anatomy  will  play  an  important  part  in  perfecting  the  ^fatural  System  of  plants. 


*  Utenitiire  :  RadUcofcr,  Ueber  d.  Mciboden  in  d.  bot  Sytt,  intbet.  d.  «iut.  Methode,  Festrcde, 
MaMfacn,  1883.— De  Buy,  Vergl.  Aaat,  1877.  p.  96.— Vetqne,  in  Nooy.  Arch.  Mas.  d*hift  oat., 
L  hr,  i88t,  D.  I,  Ann.  tc.  ntt,  %ix.  6,  t  zfli,  i88a,  p.  i  and  t.  zr,  1883,  p.  105,  Compt.  rend. 
1883,  p.  i860,  Ann.  agroo.,  t  z,  1884,  p.  14,  Bull.  Soc.  bot  de  France  1889,  p.  zli,  and  Bot 
Ceotralbl.  1890,  i.  p.  344,  Fcnilles  des  jennes  natural.,  1 889-90,  n.  239-38,  Soites  an  Prodr., 
vol.  tUI,  1893,  p.  6.— EnFler,  in  Bot  Jahrb.,  Bd.  ▼,  1884,  p.  14a,  and  in  Syllabns,  189a,  p.  ix.— . 
Gteid,  Anat  coop.  Wget  appL  k  la  daiaificat.,  Th^,  Parit,  1884.— K.  Richter,  Bot  SyttcmMtik, 
1885,  e^wdallj  p.  i6j(.— -Schwendcner.  Richt.  a.  Ziele  d.  mikrodc.  bot  Foncfa.,  Rekt-Re<ie,  Berlin, 
1887,  p.  9^  and  in  Slta.-Ber.  BerL  Akad.  1889-90.— -Valeton,  De  anatomische  Methode  etc,  in 

Progr.  Grmnai.  te  Groningen  1888 Westennaier,  Wi».  Arb.  d.  bot.  Inst  d.  UniT.  Berlin  1888, 

and  in  Mooatsber.  Berlin.  Akad.  1881,  p.  1051.— Voillemm,  in  Ball.  Soc.  bot.  de  France  1889, 
p.  zc.— Scott,  *On  tome  progrcis  in  our  knowledge  of  the  anatomy,'  etc.,  Ann.  of  Bot.,  toI.  it,  1889, 
(^  147^— Bcrtiand,  Dct  caract^rei  qoe  Tanat  pent  fboinir  k  la  dasaificat,  etc,  Anton,  1891.— 
P.  ScliBmami,  Gfcna.  d.  Variation,  etc,  Bot  CentralbL  1891,  i,  p.  357,  and  ii,  p.  i.— Gilg,  in 
Englcr,  Bot  Jahrb.,  Bd.  ZTiii,  1894,  p.  554.— Parmentier,  Ann.  sc  nat,  s^.  8,  t  ii,  1896. 
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His  attempts  were  not  very  encouraging,  as  they  were  chiefly  concerned  with 
certain  anatomical  features  of  the  stem,  which  are  of  Uttle  value  for  systematic 
purposes.  Chatin  ('Anat.  comp.  v6^6t.  appl.  k  la  classificat.,*  Th^,  Paris,  1840) 
repeatedly  put  forward  views  similar  to  those  of  Mirbel,  and  his  '  Anatomic 
compar<^  des  v6g6taux'  (1856-1870),  which  remained  uncompleted,  is  the 
result  of  his  endeavours.  In  the  other  anatomical  works,  which  appeared  in 
large  numbers  during  this  period,  no  account  was  taken  of  taxonomy,  except 
in  Rdgnault's  treatise  on  the  Cyclospermae  (Ann.  sci.  nat.,  s6r.  4,  t.  xiv,  i860) 
and  in  some  few  others, — ^whilst  scarcely  any  systematist  made  use  of  anatomical 
characters,  or,  if  employed,  they  were  always  such  as  are  easily  determined  with 
the  help  of  a  lens,  e.g.  cystoliths,  which  Wedell  took  into  consideration  in  his 
monograph  of  the  Urticaccae,  published  in  1856  (Arch,  du  Mus.,  t.  ix).  The 
following  works  essentially  paved  the  way  for  the  development  of  the  anatomical 
method  :  that  of  Duval-Jouve  on  the  French  species  of  Equisetum  (Paris,  1863), 
in  which  anatomical  characters  are  made  use  of  in  distinguishing  the  species, 
and  which  led  to  other  works  by  the  same  author ',  undertaken  on  the 
same  lines,  and  to  Bertrand's  treatise  on  the  anatomy  of  the  branches  and 
leaves  of  the  Gnetaceae  and  Coniferae  (Ann.  sci.  nat.,  s6r.  5,  t,  xx,  1874) ; 
Bureau's  notable  treatise  (Bull.  Soc.  bot.  de  France,  1872),  in  which  the 
anomalous  structural  features  and  other  anatomical  characteristics  of  the 
axis  of  the  Bignoniaceae  were  utilized  in  the  diagnoses  of  the  genera;  Engler's 
studies  on  the  affinities  of  the  Rutaceae,  Simarubaceae  and  Burseraceae  (Halle 
on  the  Saale,  1874),  in  which  a  natural  delimitation  of  these  orders  was  initiated 
with  the  aid  of  the  internal  secretory  organs;  and  above  all,  Radlkofer's  mono- 
graph of  the  Sapindaceous  genus  Serjania^  which  after  long  preparatory  work 
(see  Report  of  the  British  Association  for  the  advancement  of  Science,  Norwich, 
1868,  &c.)  appeared  in  the  year  1875.  Radlkofer  undertook  the  investigation 
of  the  stem  and  of  certain  anatomical  features  in  the  leaf  in  species  after  species 
and  showed  in  a  convincing  manner  that  the  adoption  of  anatomical  characters 
in  classification  was  not  merely  a  possibility  but  a  necessity ;  owing  to  his 
systematic  and  unprejudiced  mode  of  procedure  he  is  to  be  r^arded  as  the 
actual  founder  of  the  anatomical  method.  Not  long  afterwards  the  varioDSi 
works  of  Vesque  appeared,  and  the  development  of  the  anatomical  method 
owes  much  to  this  investigator,  who  especially  favoured  the  emplojnnent  of 
the  leaf-structure  for  systematic  purposes.  The  works  of  Radlkofer  and  Vesque 
were  succeeded  by  innumerable  researches,  since  the  new  field  of  work  ofb^ed 
abundant  material  for  investigation  and  gave  gratifying  results.  In  one  case 
an  anatomical  character  was  traced  through  a  series  of  orders,  in  another  a 
certain  group  of  affinity  was  accurately  examined  in  all  anatomical  respects.  And 
now  systematists  could  no  longer  ignore  the  new  method.  At  the  botanical 
congress,  held  in  Paris  in  1889,  the  anatomical  method  was  submitted  to  dis> 
cussion  and  Vesque  proved  to  be  equally  skilled  and  eloquent  in  its  support. 
In  correspondence  with  the  importance  of  this  method  we  find  anatomical 
characters  taken  into  consideration  in  a  prominent  manner  in  certain  parts  of 
the  recent  splendid  work  of  Engler  and  Prantl,  '  Die  nattirlichen  Pflanxen- 
familien,'  which  summarizes  the  advances  in  systematic  botany.  In  recent 
systematic  treatises  published  by  various  authors  and  dealing  with  the  affinity 
between  different  Natural  Orders  and  between  different  genera,  we  find  ana- 
tomical characters  placed  side  by  side  with  the  external  features.  If  anatomical 
characters  are  not  employed  at  all,  or  inadequately,  or  if  they  are  not  used  in  a 


'  See  alto  by  the  tame  author,  Comp.  hittotax.  tX  leiir  import,  dant  IVt.  crit.  de«  etpioet  v^g«t., 
in  Mem.  de  Mootpellier.  KCt.  des  sc.,  1871,  and  Hiitotaxie  dct  fenilles  des  Gramineet,  la  AtOL 
K.  Dat.9  ser.  6,  t.  i,  1875. 
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safficiently  methodical  maimer  (i.e.  not  in  the  same  way  as  the  external  features) 
by  the  majority  of  systematists,  this  is  not  due  to  an  underrating  of  anatomical 
characters  and  is  ordy  to  some  extent  the  result  of  the  preliminary  training  of 
the  systematic  school — for  the  younger  systematists  are  trained  in  the  new 
line  of  research.  It  is  solely  a  consequence  of  the  method  of  investigation, 
which,  although  far  surer,  is  more  laborious  and  involves  a  considerable  expen- 
diture  of  time  and  which  systematists  cannot,  or,  one  should  rather  say,  are  not 
willing  to  undertake  owing  to  the  large  amount  of  material  which  is  continually 
submitted  to  them  from  all  sides.  The  quantity  of  work  produced  must 
naturally  be  sacrificed  to  its  better  quaUty,  and  vice  versa.  1  may  take  this 
opportunity  of  making  an  urgent  appsal  to  all  systematists  to  take  anatcmiical 
features  into  consideration  as  far  as  possible,  when  publishing  new  genera  and 
species '.  If  this  were  done  the  anatomical  method  might  in  time  acquire  a 
classical  basis,  frcnn  which  conclusions  could  be  drawn  vrith  more  safety  than 
has  hitherto  been  possible. 

The  work  required  by  the  anatomical  method  is  quite  enormous.  It 
must,  as  is  expressed  in  th»  definition  of  the  term,  extend  to  all  organs,  both 
reproductive  and  vegetative.  It  is  clear  that  this  cannot  all  be  earned  out  at 
once.  In  the  first  place,  therefore,  those  organs  had  to  be  taken  into  considera* 
tion  which  are  most  readily  obtainable  for  the  practical  purposes  of  systematic 
botany,  vix.  for  the  determination  of  a  given  plant.  These  are  the  v^etative 
organs,  i.e.  leaf  and  stem.  Their  investigation  in  some  cases  even  makes  it 
possible  to  determine  a  plant  in  the  sterile  condition.  Of  the  two  organs,  leaf 
and  stepi,  the  leaf  has  proved  to  be  especially  valuable.  In  the  leaf,  those 
anatomical  characters  which  are  most  essential,  such  as  stomata,  hairy  covering, 
internal  secretory  organs  and  so  on,  are  most  typically  developed,  and  in  this 
part  of  the  plant  the  most  manifold  structural  variations  are  to  be  found,  since 
it  has  been  shown  that  of  all  organs  this  is  most  subject  to  adaptations.  The 
search  for  anatomical  characters,  which  are  often  concealed  or  only  of  isolated 
occurrence,  is  most  readily  undertaken  in  the  leaf,  owing  to  the  superficial 
extension  of  this  organ.  If  the  vegetative  organs  do  not  suffice  for  the  solution 
of  systematic  problems,  the  anatomy  of  the  reproductive  organs  must  naturally 
be  taken  into  account.  Since  this  book  is  confined  to  the  exposition  of  the 
anatomical  characters  in  the  vegetative  organs,  it  may  be  briefly  pointed  out 
how  useful  such  features  as  the  structure  of  the  pollen  (e.g.  in  the  Acanthaceae 
and  Convolvulaceae '),  the  structure  of  the  pericarp  and  testa  *,  and  especially 
the  structure  of  the  endosperm  have  already  proved  to  be.  These,  however, 
are  for  the  most  part  only  casual  observations  :  a  methodical  investigation  of 
the  reproductive  organs  bias  not  yet  been  carried  out. 

According  to  the  above  definition,  micro-chemical  as  well  as  micro-ana- 
tomical features  must  be  employed  for  systematic  purposes.  The  investigations 
hitherto  published  are  almost  confined  to  the  latter.  Micro-chemical  features 
have  hitherto  only  been  taken  into  consideration  to  a  small  extent,  and  this  is 
due  to  the  difficulties  involved  in  their  determination.  At  the  present  time 
the  means  afforded  by  Chemistry  are  still  insufficient  to  enable  us  to  perform 
unimpeachable  chemical  reactions,  and  the  latter  are  often  unsuccessful, 
because  the  presence  of  other  substances  interferes  with  or  prevents  the 

*  Aa  iotrodiictioii  to  the  me  of  Latin  cxprewoot  for  Anatomical  features  is  found  in  Vesqne, 
in  Saites  aa  Prodr.,  t.  ¥iii,  1893,  pp.  15,  16. 

*  See  Radlkofer  in  Sitx..Ber.  Miincb.  Akad.  1883,  p.  256 ;  Lindan  in  Engler,  Bot.  Jahrb.,  Bd. 
ziriii,  1S93,  p.  36 ;  and  Hallier,  loc  dL,  Bd.  zri,  1893,  p.  «i  7.  Regarding  stmctaie  of  the  pollen  of 
Phaaerofams,  tee  MohU  Ueber  den  Baa  and  die  Kormen  der  Pollenk.,  Bern,  1814;  Fritxscbe,  Uebex 
d.  Polles,  Mte.  Acad.  imp.  de  St-P^tenboarg,  1837 ;  H.  Fischer,  Bcitr.  z.  Tergl  Anat  d.  Pollenk., 
fikcslaa,  1890. 

*  Amoogit  othen  see  Han,  Laadwirtscbaitl.  Samenkande,  Berl^  1885,  a  vols. 
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reaction.  Are  we  not  often  unable  even  to  demonstrate  proteid  with  certainty 
by  micro-chemical  means  with  the  help  of  any  of  the  numerous  reactions  for 
proteid  which  exist?  In  addition  to  this»  a  further  difficulty  Ues  in  the  fact 
that  the  characteristic  substances  are  not  always  found  in  all  oigans  of  the 
plant,  but  are  confiqed  to  one  or  other  of  them  and  conunonly  only  occur  in 
small  quantities.  The  true  value  of  this  section  of  the  anatomical  method 
remains  to  be  determined  in  the  future.  For  this  reason,  however,  it  is  well  to 
note  the  most  important  facts  regarding  the  present  status  of  this  line  of  research. 
The  consideiiation  of  the  chemical  substances  in  the  plant  for  systematic 
purposes  commenced  at  an  early  period,  and  dates  back  as  far  as  the  times  of 
the  doctrine  of  signatures.  It  was  perhaps  the  only  valuable  feature  in  this 
doctrine,  since  it  sought  to  characterize  a  plant  by  its  action  on  man  and  by 
its  properties  and  jmces.  Linnaeus  also  had  a  high  opinion  of  the  value  of 
Chemistry,  for,  in  his  *  Philosophia  botanica '  (xii.  337),  he  says,  'Plantae,  quae 
genere  conveniunt,  etiam  virtute  conveniunt,  &c.,'  and  enumerates  Genera, 
Drdines,  and  Classes,  in  which  the  same  Vires  occur.  Finally,  a  classification 
of  the  vegetable  substances  hitherto  found  in  or  excreted  from  plants  ^  affords 
ample  justification  for  the  chemical  method.  Mucilage,  for  instance,  will  be 
found  to  be  characteristic  of  the  Malvaceae  and  allied  orders;  Inulm  of  the 
Compositae,  Campanulaceae,  and  other  closely  related  orders,  whilst  Saponin 
occurs  in  the  Caiyophyllaceae  and  Sapindaceae ;  and  apart  from  these  cases, 
the  presence  of  starch  or  of  fatty  oil  in  the  seed  was  recognized  as  a  useful 
diagnostic  character  at  an  early  date  (see  above).  Equal  importance  must  be 
attached  to  the  bitter  principles  occurring  in  the  Simarubaceae  and  Gentianeae, 
the  resins  found  in  the  Coniferae,  the  aromatic  substances  of  the  Rutaceae  and 
Labiatae,  and  the  occurrence  of  hydrocyanic  acid  in  the  Pangieae.  A^pin, 
certain  alkaloids  are  especially  important  and  in  some  cases  characteristic  of 
Orders  (Papaveraceae,  Fumariaceae,  Solanaceae),  tribes  ^Amygdaleae,Genisteae), 
genera  (Cinchona  and  Remijia^  Delphinium  and  Acomtum)^  or  a  certain  group, 
of  species  (Strychnine  in  some  species  of  SUrychnos)^  whilst  in  some  few  cases  thejr 
occur  only  in  a  single  species,  Santonin  being  distinctive  of  the  plant  from  whicn 
Flores  Cinae  is  obtained.  The  examples  quoted  sufficiently  illustrate  the  fact 
that  the  systematic  value  of  the  chemical  substances  varies  m  the  same  manner 
as  that  of  the  external  organs.  The  features  presented  by  the  latter  may  be 
constant  for  the  members  of  a  larger  or  smaller  group  of  affinity  (even  as  re- 
stricted as  the  species),  and  the  same  applies  to  the  chemical  substances,  present 
in  plants.  Moreover,  as  with  external  characters,  one  and  the  same  substance 
may  be  found  in  isolated  members  of  Orders  which  are  vridely  separated 
systematically  fe.g.  allyl  sulphide  in  Peiiveria  (Phytolaccaceae)  and  in  Sisym* 
brium,  acid  oxalate  of  potash  in  Oxalis  and  in  Rumex),  or,  on  the  other  hand,  in 
Orders  which  are  closely  related,  thus  constituting  additional  evidence  of 
affinity  (e.g.  the  occurrence  of  Amygdalin  in  the  Amvgdaleae  and  in  some 
Lcguminosae,  or  of  the  narcotic  alkaloids,  which  are  found  not  only  in  the 
Solanaceae  but  also  in  certain  Boragineae).  There  are  two  possible  ways  of 
rendering  the  chemical  method  of  use  for  systematic  purposes,  viz.  by  macn>> 
scopic  analysis  and  by  micro-chemistry.  The  former  is  naturally  only  of  value 
in  connexion  with  the  scientific  side  of  systematic  Botany,  that  is  to  say  with 
questions  of  affinity,  and  not  with  the  practical  determination  of  plants,  since  it 
requires  a  large  amount  of  material.    Greshoff '  entered  on  this  Ime  of  research 


^  CC  HnflemAim  and  Hilger,  Pflanzenttoffe,  Berlin,  a  vols.,  i88a  and  1884.    The  following  work 

¥'ret  the  best  infonnation  regarding  micro-chemical  reactions:  Zimmermann,  Bot  Mikrotochoik, 
Uhingen,  1802. 
*  Grethofl;  Planten  en  plantenstoffen,   Kon.  Nataurk.  Vereen.  in  Nederlandtch-Indie,  n.  7, 
1891. 
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and  obtained  saccessfnl  results ;  it  is  to  be  hoped  that  these  investigations, 
which  were  commenced  at  Buitenzoig,  may  be  continued,  since  a  tropical 
garden,  supplied  with  plants  belonging  to  all  sections  of  the  Natural  System, 
IS  most  suitable  for  this  line  of  research.'  Battandier^  and  others  followed 
GrKboff  in  this  type  of  investigation.  The  second  method  is  that  of  micro- 
chemical  examination,  which  may  be  serviceable  not  only  for  the  solution  of 
scientific  problems,  but  also  in  the  determination  of  plants.  It  has  been  suffi- 
ciently explained  above  that  the  micro-chemical  method,  which  alone  forms 
a  component  part  of  the  anatomical  one,  is  still  in  a  very  rudimentary  stage, 
and  the  reason  has  also  been  indicated.  The  first  steps  have,  however,  been 
taken.  In  diagnoses  we  can,  in  the  first  instance,  make  use  of  those  substances 
which  are  dejxsited  in  special  receptacles,  or  are  excreted  in  a  definite  and 
visible  form,  and  which  can  in  some  cases  be  determined  by  special  chemical 
reactions.  Thus  mucilage,  resins,  oxalate  of  lime  or  crystaUoids  occur  in 
many  Natural  Orders,  whilst  hesperidin  is  found  in  the  Rutaceae  and  gypsum 
In  certain  species  of  Cappatis  and  in  other  Capparideae;  again,  sphaero- 
crystalUne  deposits  of  oiverse  nature  are  met  with  in  many  plants,  inulin 
in  the  Compositae,  myrosin  in  the  Crudferae,  Capparideae  and  Resedaceae, 
and  so  on.  One  must  welcome  the  fact  that  Guignard's  excellent  work  on 
m]nro8in  has  led  other  investigators  to  commence  the  study  of  the  micro- 
chemistry  of  vegetable  substances,  and  of  the  localisation  of  the  latter  within 
the  plant. 

At  the  present  time  the  employment  of  anatomical,  as  compared  with 
micro-chemical,  features  stands  on  a  much  better  basis.  It  is  around  the  former 
that  the  anatomical  method  at  present  centres,  leaf  and  axis  being  prindpaUy 
concerned.  It  has  already  been  indicated  at  the  beraming  of  the  introduction, 
that  the  anatomical  method  is  only  a  detailed  and  elaborated  morphologiad 
method, — ^to  use  Radlkofer's  expression,  only  an  endomorphic  as  contrasted 
with  an  exomorphic  one.  For  this  reason,  the  experience  acquired  in  the 
em]doyment  of  external  morphological  characters  is  ec^ually  appUcable  to 
internal  ones.  Moreover,  the  correctness  of  this  proposition  has  also  been 
confirmed  by  the  numerous  investigations  which  have  been  undertaken  along 
the  new  line  of  research,  especially  those  dealing  with  the  important  question 
of  the  ccmstancy  of  anatomical  characters.  These  latter  are  no  more  capable 
than  are  the  external  ones  of  being  brought  into  a  definite  system  in  accordance 
with  their  systematic  importance.  Both  endomorphic  and  exomorphic 
characters  have  been  shown  to  possess  great  systematic  value  in  one  group  of 
affinity,  though  of  small  importance  in  another.  Their  systematic  value  simply 
depends  on  the  length  of  time  the  characters  in  question  have  remained  unaltered 
or  uninfluenced  by  adaptation  during  the  development  of  a  plant-phylum. 
Hence  the  importance  of  examining  the  constancy  of  anatomical  characters 
from  q>ecies  to  spedes^  from  genus  to  genus,  from  (Mxkr  to  order  without 
pieoooceived  ideas*. 

*  B»naDdicr»  Caract  Uiin.  tir^  de  U  ehimie  y^gkt^  Aisoc  fruf.,  Outhagc^  1^1  pt*  u>  P-  440. 
From  tktt  foiiroe  moit  of  the  examples  enumerated  abcrre  are  taken. 

*  Costtary  to  the  foicgoiog  Ticwi,  Vesqne,  whose  inTestigatioQs  have  otbenrise  done  lo  much 
for  die  dctelofiaieot  of  the  anatomical  method,  aicribet  a  definite  degree  of  valae  to  the  different 
dMradeia.  It  may  be  pointed  out  lor  the  benefit  of  thote  who  have  oocaiioo  to  refer  to  the  important 
woflu  of  Veaqne,  that  ne  tepaiatct  the  cfaaracteit  into  mch  at  are  phyletfe  and  quite  independent 
of  adapCatioo,  and  into  thoae  which  are  adapthre.  He  daatifies  the  latter  into  thoee  adapted  in 
cnMfoiwnca  of  their  relation  to  the  animal  world  or  to  other  plants,  thoee  adapted  for  the  distribatioe 
of  teeds  and  so  oa,  and  into  soch  at  are  adapted  to  phjrsical  media.    The  latter  alone  constitiite  his 

ie  cfaaneters,  which,  aooordiag  to  hiin,  are  really  mnslsnt  for  the  species  only.    The 
ooiwtitate  his  tasoiiomic  featores,  which  are  characteristic  of  the  larger  jpoap^    ^  *» 

ie  character  b  common  to  die  species  of  a  large  systematic  gronp,  it  is  described  by  Vcsqoe 

'atlwe^phaimooiqM.'    Tids  it  loleodcd  to  exprcM  the  fed  that  an  epharmonic  diaracter  in  the 
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The  foregoing  statements  are  not«  however,  meant  to  imply  that  the 
numerous  investigations  which  have  been  carried  out  have  not  affoi^ed  certain 
criteria,  enabling  one  to  judge  which  anatomical  characters  are  usually  of  most 
systematic  value.  For  otherwise  the  statements  laid  down  in  this  book,  and 
in  part  merely  based  on  preliminary  investigations,  would  be  of  no  great  value. 

Anatomical  characters  may  be  divided  into  two  groups :  such  as  have 
been  acquired  independently  of  external  biological  conditions  (at  an  unknown 
period  and  from  unicnown  causes),  and  such  as  can  be  interpreted  as  adaptations 
to  climate  and  habitat^  ori  in  other  words,  to  illumination,  dampness  of  soil  and 
atmosphere,  as  also  to  animals,  mechanical  factors,  to  a  twinmg  habit,  or  to 
a  parasitic  or  saprophytic  mode  of  life.  The  characters  of  the  first  group, 
wluch  may  be  descriocd  as  phyletic  or  ancestral,  usually  possess  greater  syste* 
matic  importance  than  those  of  the  second  croup,  which  are  very  frequently 
characteristic  of  species  only;  to  these  latter,  the  term  physiological  or  biological 
characters  may  be  applied. 

The  more  important  phyletic  characters  are : — the  differentiation  of  the 
stomatal  appaiatus  and  of  the  hairy  covering ;  the  structure  of  the  various 
internal  and  external  glands ;  the  mode  of  excretion  of  oxalate  of  lime  ;  the 
occurrence  of  cystoliths ;  certain  anomalous  structural  features  of  the  axis, 
among  which  intraxylary  soft  bast  is  the  most  important.  These  features  are 
not  always  characteristic  of  large  groups  of  plants.  Secretory  cavities  or  cdla, 
though  often  constant  throughout  entire  Orders,  tribes,  or  at  least  genera,  may 
occasionally  occur  in  isolated  species.  A  definite  t)rpe  of  stomatal  apparatiis 
is  found  without  exception  throughout  the  Rubiaceae,  but  is  only  present  in 
Isolated  members  of  the  allied  orders,  Umbelliferae  and  Caprifoliaceae,  and  so 
on.  One  or  more  exceptions  may  not  rarely  be  found  in  an  Order,  the  remaining 
members  of  which  are  distinguished  by  a  special  phyletic  character;  thus 
DrapeUs  is  exceptional  among  the  Thymelaeaceae  in  possessing  no  intraxylaiy 
phloem.  Such  cases  are  not  capable  of  explanation,  for  these  exceptional 
members  have  to  be  included  in  the  Order  concerned  on  account  of  the  rest  of 
their  distinctive  characters.  All  these  facts  indicate  that  the  value  of  an  ana- 
tomical character  cannot  be  definitely  predicted. 

The  physiological  or  bioloncal  characters  require  a  fuller  discussion. 
Numerous  physiological  treatises  have  been  published,  dealing  with  the  adapta* 
bility  of  anatomicalstructure  to  illumination  ',  to  the  degree  of  moisture  in  the 
soil  and  in  the  air  (i.e.  to  climate  and  habitat '),  to  mechanical  factors,  and  so 


phprlelic  senie  cmnnot  diancteriie  •  Ur^  group  of  affinity  than  th«  tpeciet,  but  may  afford  a  terrke- 
able  feature  for  tbe  dctermioatioo  of  thii  group. 

I  Stahl,  Einfl.  der  Lkhtintena.,  BoL  Zdtg.  i8So,  p.  868  and  Soonig.  n.  ichatt.  SUndort,  Zdtichr.  £. 
Naturw.,  Jena,  1883— Hentif,  StelL  d.  Bl.  etc,  Hot.  Centralbl.  188a,  W.  p.  415.— Pick,  Eiafl. 
d.  Lichtcs  anf  d.  Gest.  n.  Or.  d.  Ais.-Gew.,  Pot.  Centralbl.  i88a,  iii,  p.  400.— Jobow,  Beiieb.  dnlf. 
Eigenscb.  der  Lavbbl.  za  d.  Standortrrerb.,  Pringibeim  Jabrb.,  Bd.  xt,  1884,  p.  >8i.~HaberlaBd|, 
Ber.  dcntfcb.  bot.  GeselUcb.  1886,  p.  306;  tee  also  Pringibeim  Jabrb..  Bd.  ziii,  1881.— Dnfov, 
Influence  de  la  lomiire,  Ann.  ic.  nat.,  »^r.  7,  t.  v,  1887,  p.  31 1  and  especially  p.  355,  and  Joara.  de  boC. 
1887,  p.  177.— Eberdt,  PalUaadenpar.,  Her.  denticb.  bot.  Geiellicb.  1888,  p.  360.— Warming,  OekoL 
Pflanzengcogr.,  Berlin,  1896,  p.  19. — [Cottantin,  Let  T^g^.  et  let  milieux  cosm.,  Parii  (Alcna), 
1898.1 

'  Crech,  StooaU,  Bot  Zeit.  1869,  p.  830.— Ttchirch,  Anat.  Baa  d.  An.-Org.  n  Klima  o. 
Standort,  Unnaea,  Bd.  xliii,  1880-1,  p.  138.— Arescboog.  Einfl.  det  Klimai  etc,  Englcr,  BoC  Jahrb^, 
Bd.  ii»  1889,  p.  511.— Jobow,  loc  dt— Fleiicber,  Scbutzeinricbt.  d.  Pflanienbl.  Tor  Vertrocka.,  Bcr. 
Realgymnai.  D5beln,  iSSs.^VoUcens.  Sundort  a.  anat.  Ban,  Jabrb.  Berlin.  Gart.,  Bd.  iii,  1885, 
p.  I.-Giluy,  Nederl.  kniidk.  Arcbief  1886,  p.  4 13.— Warming,  GrdnUndi  VegeUt.,  Engler,  BoL 
Jabrb.,  Bd.  x,  1888,  p.  564.~Hargentein,  Material,  z.  einer  Monogr.  d.  Trann>irat.  ii,  Verb,  k.  k. 
lool.-boc  Gcadlicb.  Wten  1889,  especially  pp.  41s  and  ^54.— Gobel,  Pflanaenbiol.  ScbikL,  espcdally 
Teil  ii,  Lief.  1,  i89i.~Mei^,  Erijgler,  BoC  Jabrb.,  Bd.  xviii,  1894,  p.  394.— Reicbe,  Rio  Maale, 
Eng'er  Hot.  Jabrb.,  Bd.  xxi,  1895,  p.  38.— Stenstrom,  Vork.  dera.  Art.  in  teracb.  Klioiatcn  ctc^ 
Florm  1895,  pp.  117  and  431.— Diels,  Veg.-Biog.  ▼.  NeoieeUuMl,  Englcr,  Bot  Jahrix,  Bd.  sdi,  1896, 
p.  ao3.— Grrrilliai,  las.  Oeload,  Eagler,  Bot  Jahib.,  Bd.  szlii,  1896,  p.  34. 
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on.  Adaptive  features  have  been  recognized  as  such  by  various  means: — ^by 
the  exanunation  of  individuals  of  the  same  species  from  different  habitats  or  by 
experimental  treatment  under  definite  conditions,  differing  from  those  of  the 
natural  habitat;  bv  the  study  of  a  larger  group  of  plants,  undertaken  in  relation 
to  the  geographical  area  over  which  its  members  are  distributed ;  and  lastly  by 
comparative  mvestigation  of  the  species  of  a  plant-association  (e.g.  xefophytes ', 
water-plants',  Arctic  plants',  Alpine  plants ^  haloph}rtes*  and  evergreen 
plants  *). 

Stronff  illumination  and  the  consequent  increase  of  transpiration  and  assimilation 
occasion  the  development  of  palisade-tissue  in  the  leaL  By  the  production  of 
palisade  two  principles,  which  were  discovered  by  Haberlandt,  are  fulfilled,  viz. 
the  increase  of  surface  in  the  assimilatorv  tissue  and  a  provision  for  conducting 
away  the  products  of  assimilation  as  rapidly  as  possible.  Light  of  different  degrees 
of  intensity,  acting  as  a  stronger  or  weaker  stimulus,  is  connected  with  the  cen^i<i 
or  bifacial  structure  of  the  leai  and  the  qualitative  and  quantitative  differentiation 
of  palisade  and  spongy  tissue.  Anthocyanin  is  sometimes  present  and  represents 
a  means  of  protection  against  light  ot  too  great  intensity.  Protection  against 
desiccation,  or,  more  correctly,  against  excessive  transpiration,  is  provided  for  by 
arrangements  of  two  kinds,  vix.  such  as  insure  against  loss  of  water  and  such  as 
consist  in  the  formation  of  special  water-reservoirs.  The  following  are  arrangements 
of  the  first  kind  :  development  of  papillae  and  of  hairs  ;  thickening  of  the  walls  of 
the  epidermal  cells,  development  of^a  thick  cuticle,  deposition  of  wax,  resinous 
substances  or  incrustations  of  salt  on  the  surface,  infiltration  of  silica,  calcium 
carbonate  or  oxalate-crystab  in  the  epidermal  walls  ;  diminution  of  the  number  of 
stomata,  or  of  their  size,  or  of  the  size  of  their  pores,  occurrence  of  various  arrange- 
ments in  the  guard-cells  or  subsidiary  ceUs,  by  which  the  interchange  of  gases  is 
impeded  (e.  e.  the  formation  of  excrescences  on  the  guard-cells  or  of  papillae  on  the 
adjacent  cells,  and  so  on),  the  more  or  less  marked  depression  of  the  guard-cells 
below  the  level  of  the  epidermis  and  the  formation  of  an  outer  vestibule  (chimney), 
often  of  considerable  depth,  above  the  stoma,  restriction  of  the  stomata  to  depressions 
of  various  types  occurrmg  on  the  lower  side  of  the  leaf,  or  on  the  surface  of  the  stem, 
or  on  the  upper  side  of  the  leaf,  when  the  latter  is  adpressed  to  the  stem  ;  diminution 
of  intercellular  spaces ;  slight  development  of  the  vascular  system  ;  differentiation 
ol  pahsade-tissue  in  the  cortex  of  the  stem,  combined  with  reduction  of  leaf-surface 
(in  plants  with  reduced  foliage) ;  salt  as  a  constituent  of  the  cell-sap  ;  the  develop- 
ment of  ethereal  oils  serving  to  lower  the  diathermanous  equivalent,  and  the 
differentiation  of  internal  and  external  glands,  which  produce  these,  substances. 
The  foUowinff  arrangements  serve  for  the  storage  of  water :  enlargement  of  the 
epidermal  cells,  formation  of  hypoderm  and  transformation  of  different  regions  of 
tne  assimilatory  tissue  into  aqueous  elements  ;  mucilaginous  ceUs  in  the  epidermis 
and  ground-tissue  ;  trichomes,  which  absorb  or  store  up  water  ;  finally  the  formation 
of  special  storage-tracheides,  which  either  arise  through  the  modification  of  the 
tmninal  portions  of  veins  or  belong  to  the  ground-tissue.  All  these  structural 
features  are  biological  characters  of  xerophytes,  as  also  of  halophytic  and  evergreen 

*  Volkoit,  loc  dL  and  Acgypt-arml).  Wiiste,  Berlin,  1 88 7.— Wanning,  Oekolog.  Pflmnzengeogr., 

*  Mcr.  BnlL  Soc  bot.  de  France  1881,  p.  87.— H.  Scbenck,  Stniktiir-?eriind.  snbmers.  Teger. 
Lodpa.,  Ber.  dentach.  bot  Gcaellach.  1884,  p.  481  and  cf.  Anat.  d.  sobmen.  Gew.,  BibL  bot.,  Heft 
1,  i8S6«— Cooatantin,  Feoillcs  aqnat,  Ann.  tc  nat,  s^r.  7,  t  iii,  1886,  p.  94  and  especially  p.  1 14. — 
Gobd,  PflanaenUoL  Schild.,  Teil  ii,  Iie£.  a,  1893,  p.  215.— Wanning,  Oekolog.  Fflaozengeogr., 
p.  ij6. 

*  BoergcaeD,  Anat  d.  fenfllet  det  pi  aict.,  Joimi.  d.  bot.  1805,  p.  1. 

*  Booaler,  BalL  Soc  bot  de  Fiance  1887,  p.  467,  and  1888,  p.  436,  Reme  g^  de  bot.  1890, 
p.  5i3«aod  Adapt  des  pL  an  climat  alpin,  Ann.  tc  nat.,  s^r.  7»  t.  xx,  1895,  p.  317.— Leitt,  Einfl.  d. 
alp.  ^kandortei  etc.  Mitt  natnrf.  GeselUch.  Ben  1 880.— Schimper,  Schatzmittel  d.  Laobes  etc, 
M ooatiber.  Bert  Akad.  1890,  p.  104^.— Wagner,  Biol.  (L  Alpenpfl.,  Sitz.-Ber.  Wiener  Akad.,  Bd.  d, 
1891,  p.  487.— Laznkwski,  B^tr.  z.  Biol.  d.  Alpenpfl..  Disa.,  Miinchen,  1896,  and  Flora,  1896. 

*  Sdiimper,  loc  dt  and  Indo- Malay.  Strandfl.,  Jena,  1 89 1.~ Wanning,  VesterhaTtkyst  mankegne, 
Vid.  Maddelcla.  ttat«fa.For.  KjobenhaTn  1890;  Halofyt  Stndier,  R.  Danake  Vid.  SeUk.  hkr.  1897, 
•od  Oekolog.  Pflanaengeogr.,  p.  293. 

*  Scfaimpcr,  loc  est.,  and  Lalaone,  Fenilles  persist,  Act.  Soc  linn,  de  Bordeaux,  s^r.  5,  t.  iv, 
1S90. 
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plants.  Alpine  and  arctic  plants  do  not  bear  the  impress  of  a  definite  type  of  struc- 
ture, because  their  conditions  of  life  are  less  uniform.  A  number  of  oommoa 
characters,  however,  appertain  to  water-plants,  which  structurally  form  tlie  opposite 
extreme  to  xerophytes,  while  shade-plants  approach  water-plants  in  stmcture. 
The  effects  of  an  aquatic  mode  of  life  are  as  follows.  Its  influence  on  the  develop- 
ment of  stomata  is  considerable  ;  submerged  leaves  have  few  or  no  stomata,  floatinf^ 
leaves  as  a  rule  produce  them  on  the  upper  side  only,  whilst  water-leaves  of  land 
plants  usually  have  more  on  the  upper  than  on  the  lower  surface.  The  epidermal 
cells  of  water-plants  have  thin  walls,  the  outline  of  the  lateral  walls  beine  osually 
straight ;  the  cells  contain  chlorophyll  and  have  a  weakly  develop^  cutide.  The 
hairy  covering  is  reduced,  and,  when  trichomes  are  present,  they  commonly  excrete 
mucilage.  The  palisade-tissue  is  Uttle  developed  or  wanting,  while  the  sjrstem  of 
interceUular  spaces  is  more  elaborate ;  the  assimilatory  parenchyma  is  poor  in 
chlorophyll.  Except  in  floating  leaves  the  mechanical  tissue  (scjerenchyma  and 
collenchjrma)  is  reouced  and  the  same  is  the  case  with  the  wood  and  bast  of  the 
vascular  bundles.  FinaUy,  the  development  of  aerenchyma  in  place  of  cork  is  also 
connected  with  the  aquatic  habitat.  We  have  still  to  turn  our  attention  to  those 
anatomical  features,  which  may  be  interpreted  as  mechanical  adaptations.  Among 
these  are :  the  differentiation  of  a  ri^d  cylindrical  mass  of  xylem  in  woody  plants  ; 
omplicated  structure  of  the  axis  in  certain  lianes  ^  in  which  the 


the  complicated  structure  of  the  axis  in  certain  lianes  ^  in  which  the  xylem-o 
resembles  a  cable  and  is  thus  adapted  to  the  requirements  of  tension  and  rigidity  as 
well  as  torsion  ;  the  slight  differentiation  of  the  mechanical  tissues  (already  referred 
to)  in  water-plants  and  ukewise  '  in  the  subterranean  parts  of  plants  ;  the  occurrence 
of  spicular  cells  of  various  shapes  in  the  thick  leaves  of  xerophytes ;  the  nature  of 
the  lateral  walls  of  the  epidermal  cells*;  and  perhaps  also  the  vertical  transcurrence 
ci  the  smaller  veins  of  the  leaf  by  means  of  a  special  tissue  accompanying  tiiem. 
Lastly,  it  remains  to  call  attention  to  the  reduction  in  the  number  of  stomata.  in  the 
development  of  the  assimilatory  tissue  and  in  its  chlorophyll-contents,  which  is 
the  result  of  parasitism. 

All  these  adaptations,  however,  must  not  be  supposed  to  be  quite  general. 
For,  if  that  were  so,  all  plants  which  were  subjected  to  the  same  conditions 
would  possess  the  same  biological  structural  features,  even  if  they  belonged  to 
the  most  widely  separated  systematic  groups.  This  is  sometimes  the  case,  and 
specially  good  examples  are  to  be  found  amongst  water-plants ;  a  classic 
illustration  of  this  is  afforded  by  the  structure  of  the  leaves  of  Nymphaea  and 
LimnatUhemum^  which  resemble  one  another  externally  and  ame  not  only  in 
the  mode  of  differentiation  of  their  mesophyll,  but  also  in  me  possessicm  of 
spicidar  cells  developed  as  internal  hairs.  But  this  is  by  no  means  always  the 
case.  Experience  shows  that  one  species  reacts  in  one  way  and  another  species 
in  a  different  way  under  the  action  of  the  same  stimulus,  but  that  the  reaction 
is  often  of  the  same  kind  in  plants  belonging  to  the  same  phylum.  Thus  one 
species  protects  itself  against  desiccation  solely  by  means  of  mucilage-receptacles, 
another  by  the  development  of  hypodermal  aqueous  tissue,  a  third  by  enlarge- 
ment of  the  epidermal  cells,  a  fourth  by  means  of  storage-tracheides,  others 
again  by  combinations  of  two  or  more  of  these  structural  features,  and  so  on. 
In  addition  to  this,  climate  and  habitat  do  not  impress  any  one  definite  type 
of  anatomical  structure,  to  be  correlated  with  these  factors,  upon  all  tne 
species  of  a  certain  geographical  area ;  this  is  shown  by  the  examples  given 
by  Reiche,  Volkens,  and  others.  Areschoug  has  further  quoted  instances, 
such  as  the  leaf-structure  of  Rosmarinus  officinalis  and  Ilex  Aquifolium^  which 
show  that  the  internal  structure  does  not  always  harmonize  in  every  respect  with 
the  climatic  conditions.  And  finally,  it  may  be  well  to  mention  the  fact  that 
the  differentiation  of  the  mesophyll,  which  may  be  strongly  influenced  by  the 
intensity  of  illumination,  is  in  many  cases  already  accomplished  in  the  young 

*  See  H.  5>chenck,  Anat  d.  lianen,  1893,  p.  25,  and  the  older  literature  considered  tbei«. 

*  Coftantin,  Bull.  Soc  bot.  de  France  1885,  p.  330,  and  Ann.  sc.  naL,  S4^.  6,  t  ivi,  1883,  p.  i« 
— NiImoo,  IMkotyla  joidatammar,  Acta  imiT.  Land.,  vol.  xzi,  1885-6. 

*  Vetqne,  Compt.  rend.,  t  icvii,  1883,  p.  aoi. 
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leaves,  when  still  enclosed  in  the  bud,  and  in  the  cotyledons  of  the  donnant 
embrsro  in  the  seed.  Fnnn  all  that  has  been  said  it  follows  that  the  species 
possesses  a  definite  plasticity,  which  may  vary  in  degree  and  direction  in  indi- 
vidual species.  Where  we  find  a  discrepancy  between  structure  and  external 
conditions,  we  must  assume  that  the  discordant  characters  have  been  inherited 
from  a  previous  generation  living  under  different  conditions '.  This  view  is 
supported  by  the  results  of  physiological  researches,  in  which  it  has  again  and 
agam  been  emphatically  shown,  that  the  anatomical  structure  is  the  product  of 
two  factors,  adaptation  and  heredity.  The  second  factor,  which  sometimes 
becomes  more  noticeable  than  the  first,  allows  us  to  employ  biological  structural 
features  to  a  very  considerable  extent  for  systematic  purposes. 

Biological  characters  serve  primarily  for  the  diagnosis  of  species.  Within 
the  same  group,  of  affinity  they  are  often  identical  in  all  those  fonns  in  which 
they  appear,  while  at  times  they  may  be  constant  for  groups  of  alUed  species, 
for  genina,  or  for  small  Orders.  The  last  mentioned  case  may  occasionally  apply 
even  to  those  characters,  which  respond  most  readily  to  external  influences,  such 
as  the  structure  of  the  mesophyll  (e.g.  in  the  Hamamelideae).  Bioloeical 
characters  may  be  divided  into  those  which  differ  qualitatively,  and  those  miich 
differ  quantitatively ;  of  these  the  former  have  the  greater  systematic  value. 
Thus  the  development  of  aqueous  tissue  in  the  leaf  as  hypoderm  or  otherwise  is 
of  more  importance  than  the  number  of  layers  of  hypoderm  present,  and 
similaiiy  the  nature  of  the  markings  of  the  cuticle  is  of  greater  value  than  their 
degree  of  prominence,  and  so  on.  However,  the  quantitative  characters  are 
also  important  for  taxonomic  purposes  if  they  are  employed  with  sufficient 
caution,  Le.  after  their  constancy  has  been  tested  and  if  they  are  used  to 
supplement  other  Qualitative  anatomical  or  exomorphic  characters. 

It  is  impossible  to  exagfi;erate  the  importance  of  studying  the  constancy 
of  anatomical  characters  within  a  species.  Abundant  material  from  different 
habitats  is  generally  at  the  disposal  of  systematists  for  this  purpose.  In  order 
to  solve  the  problem  of  the  d^eree  of  variation  of  anatomicd  structure  in  the 
same  species,  we  may  in  the  foUowing  summarize  those  changes  in  anatomical 
structure  which  have  been  determined  by  different  authors*  by  comparing 
q)ecimens  of  the  same  species  hom  different  habitats  or  by  cultivating  certain 
species  under  altered  conditions. 

The  epidermal  ceDs  of  specimens  from  dry  localities  and  from  the  Idediterraiiean 
region  and  those  of  sun-leaves  have  lateral  waUs,  which  are  straight  or  lets  strongly 
undulated  than  is  normal.  Similarly  the  epidermal  ceDs  of  the  land-form  of  Poiy- 
ionmm  otmphMum  are  polyraial,  whilst  those  of  the  water-form  are  provided  with 
undulated  lateral  waDs.  Tne  epidermal  cells  are  of  small  sixe  in  specimens  from 
dry  habitats  (VoDcens),  but  have  large  dimensions  (in  all  three  directions  of  space) 


*  KocariSskg  to  Vciooe  and  Aresdboiig  the  leaTcs  ^iJfflmmHmm^  althongli  not  floadpg,  betr 
tide  01  ~ 


i  00  the  upper  tide  ool  j,  jvit  like  floating  Icatet.    This  (act  fitTomi  the  view  that  Ndmmkimm 
ii  dirifiQ  froa  an  anccatral  fom,  poaacMinff  floating  IcaTea. 

*  LitcfBtvie :  LewakoflUd,  Einfl.  d.  Waaen  etc  n.  Eiofl.  d.  Medhimt  etc,  Geldute  Schr.  d. 
Uair.  Kaaaa  1873,  RuMian,  Abitiaet  in  Jut  1873,  p.  594.— Dnral  Jomre,  Ann.  ac  naL,  1^.  6,  t.  i. 


1875,  p.  t4i.~Boehm,  in  Bot.  Zdt.  1879,  dl  154.— Haheilandt,  loc  dt.,  18S1  aod  1S86.— Veaqoe 
el  Vict,  Infl.  da  mtlien,  Ann.  ac  nat.,  1^.  6,  L  idi,  1881,  p.  167.— Pidc,  loc  ctL,  188a.— Coatantin, 
loc  dii,  1883.— Stahl,  loc  dt^  i883.-^VeaQne,  Canies  et  Urn.  dca  var.  de  itnictnie  etc,  Ann. 
agroiL,  L  is,  1883,  p.  481.— Heinri^er,  IsoL  Blattbaa,  Pringsheim  Jahrb.,  Bd.  zr,  1884,  p.  50a. 
^H.  SdMack,  loc  est,  1884.— Volkens,  loc  dt.,  1885.— Nilsaon,  loc  dt.,  i88s-6.— Kohl, 
Tfaaapir.  d.  Pfl.,  Braonsdiweig,  1886.— Dnfenr,  loc  dt.,  1887.— Ldst,  loc  dt.,  1889.— Wieler, 
Anat.  n.  AvhUd.  ▼.  Ubrilbnnf.  in  Abh.  ▼.  ana.  Verh.,  Bot  ZeiL  1889.  p.  517*— ^tege,  Rcdi. 
cspu  nr  lea  modit  det  fenillca  ches  lea  pi.  merit.,  Reirne  gib.  de  hot.  1890,  p.  55.— Bonnier,  loc 
dt,  1895.— RoMell,  Infl.  da  dimat  m^,  Ann.  ac  nat,  f^r.  8,  L  i,  1805,  d.  3aa  ;  aee  alio  CocBpC. 
fcnd.  itej  and  1895  aod  Ahoc  franc.  Caen  1884.— Stenatrom,  loc  dtt,  i895.»GreYillha,  loc  dt^ 
iS96^LaBaewikC  loc  dt,  1896. 
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in  ran-leaves  and  in  specimens  from  the  Mediterranean  region.  Moreover,  sun* 
leaves  and  plants  from  dry  Alpine  or  Mediterranean  habitats  are  commonly  distin- 
guished by  a  thick  cuticle  with  strongly  developed  markings  and  by  thick  epidermal 
cell-walls,  whilst  in  the  water-forms  of  a  species  the  corresponding  features  are 
progressively  less  developed  than  in  the  land-form«  Reduction  of  papillae  on  the 
upper  side  of  the  leaf  has  been  demonstrated  (Leist)  in  specimens  from  a  low-lving 
habitat  as  contrasted  with  those  of  a  higher  Alpine  habitat ;  the  papillae  have  oeen 
shown  to  be  more  strongly  developed  in  specimens  from  dry  habitats.  The  water-form 
of  Polygonum  amphibium  is  destitute  of  the  mucilaginous  epidermal  cells,  which 
occur  m  the  land-form  (Volkens) ;  similarly  according  to  Lazniewski,  Salix  reiuss 
and  Daphne  striata^  when  cultivated  in  moist  air,  produce  no  mucilaginous  epidermal 
cells.  In  branches  remaining  beneath  the  soU,  a  suberization  of  the  epidermis 
ensues  (Costantin).  In  the  case  of  stomata  the  environment  has  been  shown  to 
affect  their  numbers  only  ;  thus  an  increase  in  number  occurs  in  sun-leaves  and  in 
specimens  from  Alpine  and  Mediterranean  habitats,  whilst  they  become  moce 
numerous  on  the  upper  side  of  the  leaf  in  specimens  from  damp  habitats  and  in  the 
water-form  of  Caraamine  praimuis  {Jd^  Scaenck).  Reduction  of  the  hypoderm  has 
been  demonstrated  by  Stahl  in  the  shade-leaves  of  Fic%is  stipulata  and //«jr  Aqm» 
foiiufHt  hypoderm-formation  being  restricted  to  the  neighbourhood  of  the  larger 
veins  of  the  leaf  in  the  second  example ;  similarly  the  number  of  epidermal  cells 
divided  by  horizontal  walls  is  less  in  the  shade-leaves  than  in  the  sun-leaves  at 
TradescanHa  zebrina.  The  development  of  hairs  is  favoured  by  cultivation  in  dry 
air,  which  influences  both  their  number  and  length  ;  in  water-forms  the  thchomei  A 
the  corresponding  land-forms  are  often  entirely  suppressed.  In  the  structure  <A 
the  mesopnyll  the  development  of  palisade-tissue  is  favoured  in  sun-leaves  and  in 
specimens  mm  Alpine  (according  to  Bonnier)  or  maritime  localities,  the  number 
of  layers  and  the  length  of  the  cells  being  increased,  whilst  reduction  of  the  inter- 
cellular system  is  generally  associated  with  this  change.  The  reverse  occurs  in 
specimens  grown  in  moist  cultures,  in  water-forms,  in  shade-leaves  and  sometimes 
(according^  to  Leist)  in  Alpine  plants.  How  far  adaptation  may  be  carried  in  this 
direction  m  the  same  species  is  illustrated  according  to  Stahl  by  the  beech,  the 
shade-leaves  of  which  have  typical  bifacial  structure,  whilst  the  sun-leaves  are 
subccntric,  and  by  similar  examples,  described  by  Pick  and  Heinncher,  according 
to  whom  the  lower  and  upper  leaves  of  Cirsium  canum  and  of  certain  species  of 
CifUaurea  exhibit  analogous  differences.  The  primary  cortical  parencnyma  is 
strongly  developed  and  dense  in  plants  cultivated  in  dry  air ;  it  is  more 
extensive  and  lacunar  in  the  water-form  of  a  species  than  in  tne  land-form.  The 
vascular  system  attains  a  greater  development  than  usual  in  specimens  cultivated 
in  dry  air,  in  sun-leaves,  and  in  the  plants  of  the  Mediterranean  region,  the  vessels 
being  larger.  The  water-forms  as  compared  with  the  land-forms  of  the  same  species 
have  the  conducting  tissue  weakly  developed,  and  this  also  applies  to  subterranean 
branches.  The  extent  to  which  this  mooification  may  be  carried  within  the  same 
species  is  shown  by  Boehm's  experiment  with  cuttings  of  Salix  erown  under  water, 
in  which  no  vessels  were  produced.  The  mechanical  system  (collenchyma,  sderen- 
chyma,  bast-  and  wood-nbrcs)  attains  a  greater  development  in  sun-leaves  and  in 
specimens  from  dry  habitats,  whilst  these  tissues  are  reduced  in  plants  cultivated 
in  moist  air  and  in  the  case  of  water-forms,  as  well  as  in  subterranean  branches.  In 
the  axis  of  Urtica  dioica  Wieler  succeeded  in  producing  a  decrease  in  the  amount 
of  thin-walled  wood-parenchyma  and  a  greater  development  and  differentiation  of 
wood-fibres  by  diminishing  the  water-supply,  whilst  in  the  axesof  Qm^cm^  and  Robinia 
a  reduction  in  the  number  of  wood-fibres  followed  a  marked  increase  of  the  water- 
supply.  In  the  same  way  Duval- Jouve  describes  a  well-marked  change  in  the 
differentiation  of  the  hypodermal  sderenchyma  in  the  leaves  of  various  grasMs 
according  to  the  habitat.  Enlargement  of  the  secretory  canals  and  increased  amount 
of  oxalate  of  lime  have  been  recorded  in  the  case  of  sun-leaves  ;  the  former  feature 
has  also  been  found  in  Alpine  and  Mediterranean  specimens  of  certain  species. 

From  the  preceding  statements  it  is  clear  that  the  variations  in  the  ana- 
tomical features  of  the  same  species  are  essentially  a  matter  of  degree,  depending 
on  the  quantitative  development  of  biological  characters.  It  is  probable  that 
this  iypt  of  variability  never  exceeds  certain  fixed  limits,  as  experience  has 
shown.  Epidermal  cells  of  very  large  and  of  very  small  size  have  in  no  case 
been  founa  on  the  corresponding  leaf-surfaces  of  different  individuals  of  the 
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tame  spedes,  nor  has  the  epidennis  been  observed  to  possess  extremely  strongly 
undulated  lateral  walls  and  such  as  are  quite  straight  m  corresponding  {>ositions. 
No  case  has  been  recorded  of  leaves  of  the  same  species  bearing  stomata  in  excep- 
tionally  larj^  numbers  on  the  upp)er  side  in  some  individuals,  whilst  there  were 
none  on  this  surface  in  others.  Similarly,  typical  centric  and  typical  bifacial 
leaf*structure  is  hardly  to  be  found  in  the  same  species,  of  course,  with  the 
exception  of  those  with  dimorphic  leaves,  such  as  Eucalypti^  in  which  the 
different  types  of  anatomical  structure  are  inherited  together  with  the  form 
and  position  of  the  leaf ;  nor  should  we  expect  to  find  a  very  strong  annular 
sheath  of  sclerenchyma  around  the  vascular  bundles  of  the  veins,  if  in  other 
individuals  of  the  same  species  sclerenchyma  was  entirely  wanting.  The  most 
striking  examples^  inasmuch  as  they  are  qualitative,  among  the  structural 
variations  mentioned  above,  are  the  total  suppression  of  mucilaginous  epi- 
dermal cells  in  a  few  plants  (Lazniewski)  and  the  absence  of  mucilage- 
cells  in  the  water-form  of  Polygonum  amphibium.  A  similar  example  is 
afforded  by  the  spicular  cells  which  occur  in  the  leaf  of  the  tea-plant 
and  have  been  proved  to  be  entirely  absent  in  some  cases.  The  absence  of 
mucilage<ells  in  the  water-leaves  of  an  amphibious  species  is  not  any 
more,  surprising  than  the  last  instance ;  it  is  quite  easy  to  imagine  that  a 
certain  plastiicity  may  have  developed  in  this  class  of  plants  in  the  course  of 
time,  for  the  case  is  analogous  to  that  of  the  dimorphic  leaves  of  Eucalyptus. 
As  regards  the  exceptions  to  the  normal  structure  in  the  leaf  of  the  tea-plant  it 
may  be  remarked  that  species  have  been  proved  to  differ  from  one  another  in 
their  degree  of  plasticity,  which  tends  to  be  specially  marked  in  species  which* 
like  the  tea-plant,  have  been  under  cultivation  for  a  long  period.  Concerning 
Laxniewski's  experiment  and  those  of  Boehm  and  Wieler  referr^  to  above,  it 
seems  probable  that  the  species  never,  or  at  any  rate,  extremely  rarely,  exists 
in  nature  under  the  conditions  to  which  it  was  subjected  in  these  experiments ; 
the  changes  produced  must  therefore  be  regarded  as  pathological.  Before 
leaving  this  suDJect  it  may  perhaps  be  advisable  to  point  out  to  those  undertaking 
experiments  on  the  variabdity  of  the  anatomical  structure  within  a  species,  that 
they  should  experiment  with  wild  and  not  with  the  cultivated  plants  of  our 
gardens  and  greenhouses,  which  may  possibly  have  been  under  cultivation  for 
many  generations  and  may  differ  from  wild  plants  in  their  degree  of  plasticity. 
We  are  approaching  the  conclusion  of  this  introduction,  and  I  return  once 
more  to  the  question  propounded  in  the  preface,  viz.  whether  all  that  was  to  be 
expected  from  the  adoption  of  the  anatomical  method  has  been  fulfilled  or  to 
what  extent  this  fulfilment  has  been  realized.  The  answer  is  in  every  respect 
favourable  and  the  results  obtained  will  only  disappoint  those  who  imagmed 
that  an  entirely  new  era  had  begun  for  systematic  Botany,  with  the  introduction 
of  the  anatomical  method,  and  who  beheved  that  the  time  had  come  at  last  for 
discarding  the  present  classification,  which,  according  to  their  views,  was  founded 
on  a  one-sided  basis — that  of  the  characters  of  the  flower  and  fruit.  No  new 
system  is  created  by  the  aid  of  the  new  method  ;  it  has  rather  become  apparent 
that  the  classification  based  on  external  morphological  characters,  especially 
on  floral  features,  and  elaborated  with  great  mdustry  and  skill,  on  the  whole 
stands  the  test  of  the  new  method.  The  system  created  by  the  older  taxonomic 
botanists  is  in  its  broad  outlines  a  natural  one,  in  so  far,  that  is,  as  one  can  speak 
of  a  natural  system  at  all  without  having  investigated  the  palaeontological 
history.  Hiere  can  be  no  question  of  actually  substituting  anatomical  characters 
for  external  features ;  we  are  only  concerned  with  the  employment  of  endo- 
morphic  in  conjunction  with  exomorphic  characters.  The  anatomical  method 
is  only  an  auxiliary  one,  although  it  is  of  great  importance.    Properly  em- 

1>loyed,  i.e.  when  sufficient  attention  is  also  paid  to  external  morphological 
eatures,  it  is  of  the  greatest  value  both  as  a  means  of  confirmation  of  results 
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already  obtained  and  for  the  further  elaboration  of  the  Natural  System.     It 

!>rovide8  a  new  series  of  distinctive  features  for  the  various  groups  of  affinity, 
rom  the  Order  down  to  the  species  ;  these  features  especially  anord  excellent 
and  much  needed  diagnostic  characters  for  species  and  are  thus  of  the  utmost 
value  to  systematists.  There  are  very  few  good  species  which  do  not  present 
some  distmguishing  anatomical  feature.  Anatomical  characters  sometimes 
lend  support  to  the  results  obtained  by  the  use  of  external  morphology,  i.e.  when 
they  coincide  with  the  external  characters.  Frequently,  however,  they  disclose 
new  points  of  view  regarding  affinities  and  thus  serve  to  improve  and  complete 
the  Natural  System.  Anatomical  characters  are  often  preferable  for  the  (feter- 
mination  and  delimitation  of  a  systematic  group,  since  they  are  more  precise 
than  external  morphological  characters  and  possess  the  further  advanta^  that 
they  necessitate  detailed  observation  and  prevent  a  superficial  treatment  and 
too  hurried  decision.  Specific  anatomical  characters  have  been  made  use  of 
as  a  means  of  recognizing  hybrids  \  and  it  may  be  mentioned  in  passing,  that 
thev  are  also  of  value  to  cultivators,  since  they  generally  elucidate  the  habitat 
and  climate  wherein  the  species  thrives.  But  anatomical  characters  come  to 
be  of  special  importance,  when  the  necessity  arises  for  determining  a  plant  in 
an  impMcrfect  condition  (as  happens  especially  frequently  in  dioeaous  species) 
or  for  determining  one  provided  with  fhiits  alone  or  sterile.  Althougn  it  is 
impossible  to  point  out  one  or  more  prominent  characters  for  ever^  Natural 
Order,  and  we  are  not  able  to  construct  an  efficient  table  for  the  determination  of 
the  individual  Orders  by  their  anatomical  characters  (a  task,  however,  whidi 
proves  very  difficult  also  in  the  case  of  external  morphological  features),  yet 
we  have  in  many  cases  advanced  far  enough  to  be  able  to  undertake  the  solutxm 
of  the  problems  indicated  above.  The  extent  of  this  advance  is  probably  best 
shown  by  mentioning  that  for  the  future  any  systematist,  who  is  conversant 
with  the  new  method,  will,  when  determining  a  plant  (even  when  the  latter 
bears  flowers),  first  prepare  sections  of  the  leaf  and  axis,  with  the  purpose  of  seeing 
whether  the  structure  does  not  afford  some  useful  data  in  confirmation  of  the 
inferences  deduced  from  the  habit,  regarding  the  Order  to  which  the  plant  belongs ; 
and  this  will  be  done  before  procec^ding  to  a  floral  analysis,  which  b  often  laborious 
and  may  in  some  cases  damajge  the  material.  A  task,  similar  to  that  mentioned 
above,  often  presents  itself  in  the  course  of  the  preparation  of  a  monograph  of 
an  Order  or  genus,  when  it  becomes  necessary  to  investigate  old  and  frequently 
very  fragmentary  material  and  to  correct  the  mistakes  which  have  been  asso* 
dated  with  the  latter;  for  this  purpose  also  the  employment  of  anatomical 
characters  is  in  many  cases  the  only  sure  method  towards  the  attainment  of 
this  end. 

It  is  necessary,  however,  to  give  an  emphatic  warning  against  any  over- 
rating of  anatomical  characters,  for  examples  of  errors  in  this  respect  are 
already  to  be  found  in  the  literature.  In  nis  treatise  on  the  Thymelaeaceae, 
Gilg  Hf htly  takes  exception  to  the  manner  in  which  Van  Tieghem  uses  ana- 
tonucal  features  in  this  Order  for  generic  diagnosis  and  for  the  establishment 
of  new  genera  without  having  carefully  tested  the  constancy  of  these  characters  ; 
in  other  cases,  however.  Van  Tieghem  has  contributed  greatly  to  the  anatomical 
method  by  his  many  excellent  works.    In  like  manner,  Pierre  unwarrant^ddy 


*  Literature:  Wettstein,  SitL-Ber.  Wiener  Akad.,  Ikl.  icri.  Abt.  I,  1887,  p.  311;  Brmiida, 
Compt  rend.,  u  aci,  1890,  p.  317,  Reme  dc  bot.  1890,  pp.  301  mod  433  and  Joniii.  de  bot.  tSoo ; 
MacterUoe,  Trmntact.  KoyiX  Sodety  of  £dinbiir|rh,  toI.  luvii,  part  i,  1 89a,  p.  (103) ;  Wnndcrlicb, 
CtrrtaMw-Bast.,  Dita.,  Erlangen,  1895  ;  Hartwich,  Arch,  ic  phjt.  ct  naL,  4*  pir.,  t  li,  1896,  p.  428. 
Aecotding  to  tbeie  works,  which  deal  with  the  ttmctnre  of  the  axia  and  leaf  and  alto  with  the 
features  presented  by  the  crystals,  hybrids  either  possess  the  structural  peculiarities  of  both  pueota 
side  bv  side,  or  have  an  intermediate  stmctnre ;  the  former  may  tooietimes  spply  to  one  orpu^  the 
secood  conditioo  to  another  organ  of  the  same  hybrid. 
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overrates  a  single  character,  when  he  (Bull.  Soc.  hot.  Linn,  de  Paris,  1897,  p.  1225) 
divides  the  Dicotyledons  into  Monoxyl^  Dixyldes  and  Trixyld^  according  to 
the  nomber  of  vascular  bundles  passing  out  into  the  petiole,  neglecting  the  Tact 
that  the  structural  features  of  the  petiole  have,  for  the  most  part,  proved  to  be 
of  value  for  specific  diagnosis  only.  The  value  of  an  anatomical  character  must 
be  accurately  determined  in  each  individual  case,  since  it  may  differ  in  different 
groups  of  affinity.    Further,  when  anatomical  features  are  employed,  their 

Ehysiolofi:ical  function  must  be  taken  into  account,  for  a  consideration  of  the 
itter  wiU  often  enable  one  to  come  to  a  conclusion  as  to  their  value.  Finally, 
in  the  solution  of  systematic  problems,  the  exomorphic  must  invariably  be 
taken  into  due  consiaeration  together  with  the  endomorphic  characters. 

To  those  who  are  unacquainted  with  the  anatomical  method,  the  results 
enumerated  above  may  perhaps  appear  somewhat  meagre  in  proportion  to  the 
large  amount  of  labour  and  trouble  which  the  method  involves ;  to  the  initiated, 
however,  they  are  considerable.  And  even  though  the  attainment  of  a  Natural 
Sj^em  has  only  been  slightly  advanced  by  the  new  method,  we  must  grasp 
and  make  use  of  every  means  which  tends  towards  this  end.  Each  era  has  its 
own  scientific  methods,  and  these  are  connected  with  the  development  of  science 
as  a  whole.  Thus  systematic  Botany  has  already  received  much  assistance 
from  a  whole  series  of  methods  besides  that  of  comparative  morphology ;  to 
use  RadDcofer's  words,  we  may  describe  these  different  methods  respectively 
as  the  diagrammatic,  the  developmental,  the  teratological,  the  geographical, 
the  palaeontological,  the  physiological,  the  chemical  and  the  experimental; 
and  systematists  now  possess  the  anatomical  method  also.  This  should  be 
borne  in  mind  by  those  to  whom  the  new  method  does  not  afford  sufficient  scope 
for  their  speculative  turn  of  mind,  and  also  by  those  who  wish  to  urge  systematic 
Botany  towards  its  goal.  With  the  advance  of  time  newer  methods  will  un- 
doubtedly arise  for  the  use  of  systematists;  they  will  take  their  position  beside 
the  older  ones  and  will  3neld  new  results.  With  the  further  development  of 
chemistry,  the  micro-chemical  method  will  play  a  greater  part  in  systematic 
Botany  than  at  the  present  time.  And  should  it  become  possible  at  some  future 
date  to  obtain  information  by  microscopical  means  regarding  the  resemblances 
and  differences  in  the  molecular  structure  of  the  nuclei  and  protoplasm  in  the 
cells  of  the  growing-point  and  in  the  ova  of  different  species,  or,  in  other  words, 
to  discover  the  character  of  the  idioplasn  of  a  species,  this  also  would  become 
part  of  the  anatomical  method. 


ANATOMICAL  CHARACTERS  OF  THE 
DICOTYLEDONOUS  ORDERS 

RANUNCULACEAE. 

1.  Review  of  the  Anatomical  Features.  The  most  important  anato- 
mical characters  are  as  follows.  The  appearance  of  the  vascular  bundles  in 
transverse  section  is  characteristic  for  most  members  of  the  Order,  the  xylem 
having  the  form  of  a  V  (Fig.  i,  C)  and  partly  enclosing  the  soft  bast  vrith  its 
arms.  In  the  woody  and  in  many  of  the  herbaceous  species  there  is  a  tendency 
to  the  formation  of  a  composite  and  continuous  ring  of  sclerenchyma  in  the 
pericyde.  The  perforations  of  the  vessels  are  almost  always  simple  ;  Paeonia 
stands  alone  in  possessing  exclusively  scalariform  perforations.  VVhere  wood- 
prosenchyma  occurs,  it  is  simply-pitted.  The  origin  of  the  cork  is  internal  in 
the  cases  observed.  The  stomata  have  no  special  subsidiary  cells.  The  hairy 
covering  consists  of  clothing  hairs  and  glandular  hairs.  The  former  (Fig.  i,  Z>-£) 
are  mostly  unicellular,  thickened  on  all  sides  or  on  one  side,  or  thin-walled ; 
simple  uniseriate  trichomes  are  found  in  Thalictrum.  The  glandular  hairs 
(Fig.  I,  F-/)  are  always  unicellular ;  they  secrete  either  (rarely)  ethereal  oQ 
or  mucilage,  or  (more  frequently)  serve  as  hydathodcs  (water-elands).  Oxalate 
of  lime  is  not  often  present  In  Paeonia  it  occurs  in  the  K>rm  of  clustered 
crystals,  in  other  genera  in  the  form  of  fairly  small,  rarely  rather  large  crystab 
of  the  tetragonal  system.  As  special  anatomical  features  in  the  Order,  the 
following  should  be  mentioned  :  the  arm-palisade-cells  (Fig.  i,  A-B)  in  the 
palisade- tissue  of  the  leaf  in  species  of  Aooniium,  Anemone^  CaUka^  Paeonia 
and  TroUius ;  the  water-pores  and  mucilage-secreting  structures  on  the  leaf- 
teeth  of  certain  members  of  the  Order;  the  anomalous  stem-structure  in 
some  cases,  namely  the  arrangement  of  the  vascular  bundles  in  several  circles 
in  species  of  Actaea^  Cimicifuga^  and  Thalictrum^  and  the  occurrence  of 
medullary  vascular  bundles  in  Anemone  japonica,  &c. ;  finally  the  structure 
of  the  stem  of  Clematis  and  probably  also  of  Naravelia^  belonging  to  what  is 
called  the  i4rts<olocAia-type. 

2.  Structure  of  the  Leaf.  The  following  description  is  based  chiefly 
on  the  statements  of  Vesque,  taking  the  remaining  literature  into  consideration. 

The  following  points  may  be  noted  with  regard  to  the  epidermis  of  the 
leaf.  The  epidermal  cells  of  the  lower  side  of  the  leaf  almost  always  possess 
strongly  unaulated  lateral  walls,  which  in  the  angles  of  the  crenations  sometimes 
project  in  the  form  of  ridges  and  end  in  knob-like  swellings.  The  lateral  walls 
of  the  epidermal  cells  on  the  upper  side  of  the  leaf  are  mostly  not  undulated. 
With  regard  to  the  lateral  walls  of  the  epidermal  cells  it  is  also  worthy  of 
note,  that,  according  to  Askenasy,  they  are  straight  in  the  laciniae  of  the  normally 
submerged  forms  of  Ranunculus  aquatilis  and  /?.  divaricatus^  while  in  the  land* 
forms  of  the  same  species  they  are  undulated,  and  that  sometimes  {R.  lanuginosus 
and  R.  Aleae),  according  to  Ncstlcr.  there  is  a  localized  separation  of  the  lateral 
walls,  producing  chambers  ('  Hdfen ')  of  varied  sire  between  the  epidermal  cells. 
Markings  of  the  cuticle  in  the  form  of  ridges  have  been  observed  in  the  leaf  of 
Ranunoilus  Cymbalaria  (upper  side),  of  species  of  Helleborus  (upper  side)  and 
of  Clematis  Vttalba  (lower  side).   In  Clematis  balearica^  Rich.^  and  C.  cifrhosa^  L^ 
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and  in  these  species  only,  Nestler  locally  met  with  a  peculiar  penetration  of 
the  cuticle  between  the  lateral  walls  of  adjacent  epidermal  cells  m  the  form  of 
a  wedge-shaped  process.  The  dull  surface  of  the  leaf  in  species  of  AquiUgia  and 
Thalictrum  is  caused  by  slight  papillose  protuberances  of  the  central  parts  of 
the  epidermal  cells ;  a  similar  formation  of  papillae  is  found  also  on  the  veins 
of  the  leaf  in  the  species  of  Hrikborus,  In  certain  cases  (in  Caliha  palustris^ 
Ranunculus  Ficaria^  and  in  Batrachium)  chlorophyll  occurs  in  the  epidermal  cells. 

The  stomata  have  no  S|)ecial  subsidiary  cells,  but  are  surrounded  in 
an  irregular  manner  by  a  rather  large  number  of  ordinary  epidermal  cells. 
With  rc^rd  to  the  development,  Vesque  has  determined  that  m  Eranthis  the 
mother-cell  of  the  guard-cells  is  cut  off  by  the  first  division,  and  is  thus  identical 
with  the  initial  cell.  Usually  (Paeonia  ;  Atragene;  Xanthorhiza  ;  Naravelia  ; 
HeUfborus  ;  Thalictrum  pro  parte,  namely  with  the  exception  of  T.  tuberosum^ 
L. ;  CUmatis  pro  parte,  namely  with  the  exception  of  C.  Flammula^  L.,  C.  arien^ 
talis^  L.,  and  C.  Oweniae^  Harv.)  the  stomata  are  found  only  on  the  lower  side 
of  the  leaf.  More  rarely  they  occur  on  the  upper  side  also,  and  in  that  case 
either  in  small  numbers  (Hepatica  triloba^  Ranunculus  acer)  or  abimdantly 
{Anemone  Pulsatilla^  Ranunculus  Flammula^  R,  Lingua^  and  R.  sylvaiicus)^  in 
the  latter  case  sometimes  {Ranunculus  alpestris  and  R.  sceleraius)  even  exceeding 
the  stomata  of  the  lower  side  of  the  leaf  in  number.  In  the  floating  leaves  of 
Batrachium  the  stomata  are  naturally  found  only  on  the  upper  side  ;  similarly 
in  Caliha  dioneaefolia^  Hook.  fil.  (which  is  an  extremely  interesting  plant,  and 
will  consequently  be  more  fully  discu^ed  below)  and  in  its  allies  it  is  only  the 
upper  surface  of  the  leaf  that  bears  stomata.  Stomata  are  absent  in  the  water* 
leaves  of  those  species  of  Ranunculus  which  belong  to  the  section  Batrachium, 

The  leaf-structure  is  almost  always  bifacial,  rarely  (D^^Aintsim  Consolida) 
centric.  In  Pityrosperma  acerinum  and  in  Batrachium  the  mesophyll  shows  no 
differentiation  into  palisade  and  spongy  tissue.  With  regard  to  the  palisade- 
tissue,  it  should  be  mentioned  that  in  certain  cases  the  arm-palisade-cells  of 
Haberlandt  occur  (Fig.  i,  A-B).  Haberlandt  states  that  these  are  found  in 
Aconiium  NaptUus^  A.  dissectum^  Caliha  palustris^  Clematis  intcgrifoliOj  Paeonia 
corallina^  P.  ienuifolia^  TroUius  europacus^  and  a  special  form  of  them  (H-shaped 
arm-palisade-cells)  in  A  nemone  sylvestris ;  on  the  other  hand,  in  numerous  species 
of  the  (genera  A  nemone^  AquiUgia^  Delphinium^  Eranthis^  HelUborus,  and  Ranun* 
cuius  (including  Ficaria)^  Haberlandt  did  not  meet  with  palisade-cells  of  the 
form  in  question.  The  small  veins  of  the  leaf  are  embedded  in  the  mesophyll; 
the  rather  larger  ones  extend,  by  means  of  the  thin-walled,  somewhat  collenchy- 
matous  tissue  accompanying  them,  as  far  as  the  epidermis  on  both  sides.  In 
the  still  latter  veins  and  in  the  midrib,  bast-fibres  are  usually  present  on  both 
sides,  or  only  on  the  lower  side,  of  the  vascular  bundle. 

Further,  the  occurrence  of  water-pores  on  the  crenate  teeth  of  the  leaf  is 
worth  mentioning.  According  to  Strasburger  they  occur  singly  in  Aconiium^ 
Delphinium  and  Eranthis^  in  pairs  in  HelUborus  niger,  and  several  together  in 
Ranunculus  lanuginosus  ;  according  to  Nestler  they  are  quite  generally  present 
in  the  species  of  HelUborus  and  Ranunculus  (also  of  Batrachium)^  but  are  absent 
in  Paeonia  and  usually  also  in  Clematis  (exceptions : — C.  dioica^  L.,  var.  brasi- 
liensis^  Eichl.,  and  C.  cirrhosa^  L.).  Glandular  leaf- teeth  secreting  mucilage 
are  described  by  Reinke  for  Caltha  palustris,  HelUborus  intermedius^  and  Ranun- 
culus repens, 

Ozmlmte  of  lime  is  not  frequently  present  in  the  Order ;  however,  it  is  by  no 
means  absent.  In  Paeonia  it  occurs  in  the  form  of  clustered  crystals  in  the 
parenchyma  of  the  leaf,  root,  &c.  Nestler  has  observed  rather  small  crystal?, 
whkh  betong  to  the  tetragonal  system,  in  numerous  species  of  Ranunculus  (e.^. 
J?.  acomHJoliuSf  where  they  occur  in  almost  every  cell  of  the  lower  epidermis 
of  the  kMU  R.  alpestris^  R.  arvensi$^  &c.)t  as  well  as  m  HelUborus  Kochii^  Schiffn., 
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and  larger  solitary  tetragonal  crystals  in  the  ground-tissue  of  the  petiole  of 
Ranunculus  astaUcus.  The  large  rbombohedra  of  the  oblique  (klinoitombic) 
svstem,  so  widely  distributed  in  other  Orders,  have  not  been  met  with  in  any  of 
the  Ranunculaceae. 

The  hairy  covering  consists  of  dotbinff  hairs  and  glandular  hairs.  The 
clothing  hairs  (Fig.  i,  D^E)  are  m(^y  uniceUular,  of  vaned  length,  with  Uunt 
or  pointed  tips,  thickened  only  on  one  side  (^mecies  of  ClemaUs),  or  thick-walled 
on  all  sides  and  in  that  case  narrow-lumened  {Anemone,  Ranunculus),  or  very 
thin-walled  and  ribbon-like  in  appearance  (Actaea,  Cimicifuga,  Pilyrospermm). 
Occasionally  the  base  of  the  hair  is  bulbously  swollen  and  the  neighbouring 
epidermal  cells  project  upwards  like  a  pedestal ;  further,  twin-trichomes  arc 
produced  in  the  grooves  of  the  upper  side  of  the  leaf  (especially  frequently  in 
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Fig.  I.  A-B.  Ano-palMade-pAmichjma  from  the  leaf  of  Duomim  ttmuifolim  (A)  %tA  of  Amtm&m  tyhnnU  \M\ 
C,  DiafTtunmalic  trunvrrte  Mction  of  a  vatcalar  bviKlle  and  the  nrtfhboariitf  tiMae  io  the  petiolr  of  Tkmiktrmm 
fmUdmm^  L.  o,  CJothina  hair  of  Acamiimm  mmimmmsU.  B,  Trichoinc  of  Ckmmiii  Smnrntieri,  thkkrard  oa  oaa 
aitle.  r-l,  Glandalar  hairt:  r,  Brmmtkit  kytmmiU  \  G-R,  7  kmiicimm  Jothdmmi  J,  Rmmuncmimg  •egr,  A-S 
after  Habcrlaadt,  l>-r  after  Veaqae,  |  after  NcMkr,  the  reiaaiader  orifiaaL 


Ranuncul%is  repens,  more  rarely  in  R.  aauatilis)  by  the  juxtaposition  of  the 
trichomes  in  question.  The  surface  of  tne  uniceUular  dothinf  hairs  is  either 
smooth  or  pimctate  or  striated.  Simple  uniseriate  dothing  hairs  consisting 
of  a  few  long  cells  have  been  observed  only  in  Thalictrum  (T.  angusiifolium^ 
Jacq.,  r.  foeiidum^  L.,  and  T.purpurascens,  L.)»  and  in  some  cases  occur  side  by 
side  with  unicellular  hairs.  The  small  unicellular  trichomes,  which  have  been 
observed  in  species  of  Ranunculus,  Caliha,  Clematis  (including  Atragene),  HelU-^ 
borus,  Thalictrum,  and  also  in  Erantkis,  must  be  classed  as  glandular  hairs. 
According  to  Nestler  and  Schilling  the  glandular  hairs  of  the  Ranunculi  (R.  acer^ 
R.  fluitans,  R.  Friesianus,  R.  lanuginosus,  R,  bulbosus,  R, umbrosus,  see  Fig.  i,  J), 
and  of  Caltka  palustris,  L.,  are  uniceUular,  club-shaped  and  thin-walled,  and 
occur  in  the  grooves  of  the  veins  on  the  upper  side  of  the  leaf,  and  also  on  the 
leaf-sheaths.  Usually  no  secretion  is  formed  in  them ;  they  have  mostly 
colourless  contents,  and  probably  serve  for  the  absorption  of  water.  The  only 
exception  to  this  is  afforded  by  the  glandular  hairs  of  the  two  water-plants 
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cited  (Ranunculus  fluUans  and  CaUha  palusiri$\  which,  according  to  Schilling, 
excrete  mucilage,  as  do  the  trichomes  of  many  other  water-plants.  According 
to  Vesque  and  Nestler  the  species  of  Hell^borus  possess  trichomes  identical 
with  those  of  Ranunculus  and  Calika.  Thalictrum  has  true  glandular  hairs 
(Fig.  I,  C-//),  as  Lecoyer  was  the  first  to  point  out.  These  likewise  are  uni- 
cellular and  thin-walled,  but  produce  an  oily  secretion.  In  Thalictrum  foetidum 
I  found  both  sac-like  glandular  hairs,  similar  to  those  of  Ranunculus  and  HelU- 
borus^  and  also  others,  which  exhibit  a  more  or  less  distinct  differentiation  into 
a  longish  stalk,  somewhat  inflated  in  its  lower  part,  and  a  spherical  head  ;  both 
forms  arc  sometime  found  on  a  conical  pedestal  formed  by  the  upgrowth  of 
several  epidermal  cells  or  of  short  rows  of  these  cells.  The  tnchomes  of 
Eranthis  hyemalis  figured  by  Vesque,  which  are  short  and  broad,  rod-shaped 
and  unicellular,  may  no  doubt  also  be  included  among  the  glandular  hairs  (in 
the  wider  sense  adopted  here). 

Internal  glands  are  not  present  in  the  Ranimculaceae.  Oily  contents, 
however,  characterize  the  parenchymatous  cells  in  the  root  and  rhizome  of 
Eranthis  and  Helleborus^  and  further,  a  yellow  coloration  caused  by  berberine 
is  to  be  seen  in  the  perennial  parts  and  the  roots  of  Coptis,  Hydrastis^ 
Xanthorhiza  and  some  species  of  Thalictrum. 

The  structure  of  the  petiole  has  been  investigated  especially  by  Plitt  and 
Petit  in  species  of  A  conUum^  A  ctaea^  A  donis^  A  nemone^  AauiU^ia^  Caltha^  Clematis^ 
Delphinium,  HelUborus,  NigeUa^  Paeonia,  Ranunculus,  Thalictrum,  and  Trollius. 
Without  going  into  details,  the  following  points  only  need  be  mentioned  here : 
(I)  the  outline  of  the  transverse  section  of  the  petiole  in  the  characteristic  region 
(='caract6ristique,'  i.e.  at  the  upper  end  of  the  petiole),  and  the  details  of 
differentiation  of  the  fibro-vascular  system  in  this  region,  have  proved  to  be  of 
use  for  more  special  diagnosis ;  (2)  the  vascular  bundles  present  in  this  region 
are  almost  always  separate  (with  the  single  known  exception  of  Clematis  Flam' 
mula^  where  the  xylem  of  the  vascular  bimdles  is  fused  into  a  ring),  their 
number  varying  within  wide  limits ;  they  are  either  arranged  in  an  arc,  or  in 
a  circle,  and  are  of  equal  size  or  alternately  large  and  small ;  (3)  in  most 
cases  the  V-shape  of  the  xylem  in  transverse  section  (cf.  Fig.  i,  C)  is  clearly 
marked;  (4)  sometimes  {Actaea^  Anemone  elegans)  medullary  vascular  bundles 
are  present  inside  the  ring  of  bimdles. 

Finally,  the  leaf -structure  of  Caltha  dionsas folia.  Hook.  fiL,  deserves  a  short 
description.  This  is  an  interesting  little  plant  belonging  to  the  antarctic  Flora  of 
Magellan.  Its  leaves  with  their  marginal  teeth,  and  their  two  appendages,  folded 
back  towards  the  surface  of  the  leaf,  to  some  extent  recall  the  leaves  of  Dionaea 
muscipula  (the  American  Fly-trap).  Behrens,  without  any  detailed  investigation  of 
his  own,  has  dra%m  the  conclusion  that  the  Caltha  in  Question  is  a  new  insectivorous 
plant.  Closer  examination  of  the  leal  does  .not  affora  the  slightest  support  to  this 
view,  as  Goebel  has  already  pointed  out.  The  leaf  is  bifacial  in  structure  ;  weakly 
devek>ped  palisade-tissue  is  found  on  the  upper  side.  The  stomata  are  likewise 
situated  exclusively  on  the  upper  side  (inner  side) ;  external  as  also  internal  glands 
are  completely  absent.  The  statement, '  foliorum  lamina . . .  supeme  . . .  papulosa  ' 
in  the  *Tlora  antarctica,'  which  led  Behrens  to  assume  that  tne  inner  side  of  the 
lamina  was  quite  densely  beset  with  sticky  papillose  hairs,  is  incorrect  and  to  be 
attributed  to  the  prominent  appearance  of  the  stomata  on  examination  with  a  lens. 
Possibly,  when  the  habitat  of  tne  plant  becomes  submerged  the  peculiar  leaf -appa- 
ratus in  this  species  serves  to  prevent  the  upper  surface  of  the  leaf  with  its  stomata 
from  being  wetted,  a  annd  to  form  air-chamber.  According  to  Goebel  and  Diels, 
the  same  leaf-appendages  and  similar  restriction  of  the  stomata  to  the  upper  side  of 
the  leal  occur  also  in  other  antarctic  species  of  Caltha,  belonging  to  tne  section 
Ptychropkila,  e.g.  C.  sagittata,  C9LV.,C,anaicola,  Gay,  and  C.  Novae  Zelandiae,  Hook.  f. 

3.  Structure  of  the  Axis.  Only  a  few  representatives  of  the  Order  are 
wcxxfy  plants,  namely  species  of  the  genera  Clematis  and  Naravelia.  In  these 
genera  the  structure  of  the  axis,  as  is  to  be  expected,  possesses  definite  pecu- 
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liarities  as  compared  with  that  of  their  allies,  and  will  be  discussed  separately 
below.  But  first,  the  features  common  to  the  structure  of  the  axis  in  the 
Ranunculaceae  may  be  pointed  out.  The  vascular  bundles  in  the  transverse 
section  of  the  stem  almost  always  show  the  same  conformation,  even  in  ClemaHs 
and  Naravelia,  The  xylem  of  each  bundle  has  the  form  of  a  V  ;  it  projects  as 
an  acute  wed^e  towards  the  pith,  is  strongly  broadened  towards  the  outer 
side  and  finaUy  divides  into  two  arms,  which  partially  enclose  the  soft  bast, 
while  the  latter  is  further  often  bounded  extemaJly  by  a  crescent  of  hard  bast, 
the  ends  of  which  enter  into  connexion  with  the  arms  of  the  xylem.  As  is  well 
known,  the  form  of  vascular  bimdle  just  described  is  present  in  many  Mono- 
cotyledons^ but  is  rare  in  Dicotyledonous  plants.  According  to  Vesque,  an 
exception  is  afforded  for  example  by  Paeonia^  the  xylem  of  the  vascular  bundle 
in  this  plant  being  flattened  on  the  outer  side.  It  must  also  be  mentioned, 
that  wherever  wood-prosenchyma  occurs,  it  is  provided  with  simple  pits  on 
its  walls,  and  that  hitherto  only  simple  perforations  have  been  observed  in  the 
vessels  of  both  the  woody  and  the  herbaceous  genera,  with  the  single  exception 
of  Paeonia^  in  which  Chalon  and  Alb.  Meyer  have  demonstrated  the  exclusive 
occurrence  of  scalariform  perforations  with  few  bars. 

Both  the  woody  genera,  ClenuUis  and  Naravelia^  are  primarily  dis- 
tinguished as  regards  the  structure  of  the  axis  by  conforming  to  the  type 
of  the  Aristolochiaceae.  The  primary  medullary  rays  are  broad,  and  do 
not  become  closed  by  interfascicular  wood  during  secondary  thickening, 
form  continuous  plates,  which  are  somewhat  broadened  towards  the  exterior, 
and  divide  the  mass  of  wood  into  a  corresponding  number  of  longitudinal 
segments.  The  secondary  medullary  rays  are  likewise  broad,  and  behave  in 
the  same  way  as  the  primary  rays.  The  vascular  bundles  are  separated  clearly 
from  one  another  by  the  broad  primary  medullary  rays,  and  the  vascular 
bundles  themselves  are  split  up  in  a  fan-like  manner  by  the  secondary  rays. 
The  number  of  the  (primary)  vascular  bundles  amounts  to  twelve  in  CUmaiis 
Vitalba  and  C.  campestris,  but  is  greater  in  C.  dioica^  L.  (twenty  or  twentv-four). 
Of  the  twelve  vascular  bundles  present  in  the  yoimg  intemode  of  C.  Viialba^ 
six  arise  earlier,  and  the  remaining  six  (alternating  with  the  former)  somewhat 
later.  Owing  to  the  fact  that  the  latter  six  bundles,  the  so-called  intermediate 
bundles,  sometimes  originate  late  and  nearer  the  pith  than  the  others,  and 
produce  a  smaller  quantity  of  xylem,  a  lobed  xylem-mass  is  produced,  which 
is  similar  to  that  of  certain  Bignoniaceae,  characterized  by  the  possession 
of  phloem- wedges ;  this  has  been  met  with  by  Krasser  in  branches  of 
CUmatis  Vitalba  ^rowing  in  the  neighbourhood  of  Vienna.  In  the  node 
the  vascular  bundles  of  the  young  stem  anastomose  freely,  and  so  do  the 
xylem-plates  of  the  old  stem  ;  in  addition,  the  medullary  rays  in  the  inter- 
node  are  traversed  by  soUtary  oblique  groups  of  tracheides.  The  following 
facts  are  known  with  regard  to  the  nature  of  the  wood,  cortex,  and  pith  in 
the  woody  species.  The  cells  of  the  medullary  rays  have  lignified  walls  in  CU- 
matis Vitalba,  unlignified  in  C.  dioica,  L.,  and  Naravelia  zeylanica,  DC.  Some 
of  the  vessels  '  have  a  very  wide  lumen  (12  mm.  or  more  in  diameter),  and  their 
walls  are  furnished  with  large  bordered  pits.  The  vessels  with  narrower 
lumina,  and  the  tracheides,  which  are  also  present,  possess  a  spiral  band.  The 
wood-parenchyma  is  restricted  to  the  neighbourhood  of  the  vessels  ;  the  wood- 
prosenchyma  is  simply-pitted  and  sometimes  filled  with  starch.  The  cortex 
of  Clematis  usually  snows  coUenchyma-strands  below  the  epidermis,  which  have 
been  described  in  detail  by  Ambronn.  In  Clematis  afoliata,  Buchanan,  which 
is  characterized  by  reduction  of  its  leaves,  the  primary  cortex  in  a  transverse 

'  Hef«,  ftf  in  all  the  nbteqiiait  docriptiont  of  the  wood,  the  tens  '  rtmtU*  aIwaji  mmmM  tbe 
pitted  Tcttels  of  the  leoowUry  wood. 
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section  of  the  stem  shows  a  regular  alternation  of  plates  of  hard  bast  and  of 
assimilatory  tissue.  The  plates  of  hard  bast  reach  from  the  epidermis  to 
the  soft  bast  and  correspond  with  the  phloem-groups  of  the  vascidar  bimdles 
(Diels).  In  the  pericycle  a  composite  and  continuous  sclerenchymatous  ring 
usually  occurs.  On  the  inner  side  of  the  latter  the  first  rin£  of  cork  arises. 
Lenticel-formation  is  entirely  wanting  in  Clematis,  The  later  periderm- 
formations  are  devel€>ped  parallel  to  the  first  ring  of  cork,  so  that  a  ring- 
bark  is  produced.  During  the  increase  of  the  phloem,  arch^  groups  of 
secondary  hard  bast  arise  m  it.  According  to  Hari6,  the  structure  of  the 
cortex  ox  Naravelia  shows  no  differences  from  that  of  CUmatis.  According  to 
Mentovich,  the  pith  of  Clematis  Vitalba  is  heterogeneous.  The  innermost 
part  of  it  soon  disappears  and  is  replaced  by  a  cavity. 

With  regard  to  the  stem  of  the  herbaceous  species  it  must  first  of  all 
be  pointed  out  that  the  species  of  Actaeti^  Cimicifuga^  and  Thalicirum  belong  to 
the  anomalously  constructed  Dicotyledons,  because,  in  a  transverse  section  of 
the  stem,  the  vascular  bimdles  are  arranged  in  several  indistinct  circles.  Sanio 
has  shown  that  the  innermost  of  these  bimdles  arise  first,  and  J.  E.  Weiss  has 
shown  that  they  pass  out  into  the  leaf  at  the  next  node  above,  while  the  peri- 
pheral strands  represent  the  continuation  of  the  leaf-traces  of  the  higher  inter- 
nodes.  The  vascular  bundles  of  Anemone  japonica  (according  to  J.  E.  Weiss) 
have  an  analogous  course  ;  in  this  species  medullary  bundles  occur  within  the 
peripheral  bundle-ring.  Medullary  bundles  are  also  foimd  in  Hydrastis  and 
blaucidium  (Pohl). 

The  stem  of  the  aquatic  species  of  Ranunculus  belonging  to  the  section 
Batwachium  is  characterized  by  the  fact  that  its  vascular  oundles  contain  no 
mechanical  tissue,  but  possess  a  schizogenous  air-passage  on  the  inner  side  of 
the  protoxylem-tracheides.  In  general  our  knowledge  of  the  stem-structure 
of  the  herbaceous  species,  and  of  the  Ranunculaceae  as  a  whole,  is  best  shown 
by  the  synoptical  table  in  Alb.  Meyer's  treatise,  which  can  only  be  referred  to 
shortly.  In  that  work  the  characters  chiefly  employed  for  distinguishing  the 
species  investigated  are: — the  varied  nature  of  the  pericycle  (presence  or 
absence  of  hard  bast ;  the  occurrence  of  a  ring  of  stone-cells,  to  the  inner  side 
of  which  the  primary  bundles  of  hard  bast  are  applied ;  or  the  occurrence  of 
a  composite  and  continuous  ring  of  sclerenchyma) ;  the  varied  mode  of 
differentiation  (as  a  ring  or  as  strands)  of  the  cortical  collenchyma  and  of  the 
soft  bast ;  the  development  of  a  sclerenchymatous  medullary  sheath ;  and 
the  nature  of  the  interfascicular  tissue. 

Note.— For  root-stmctore  see  Bonnier,  Lohrer,  Marid,  Maxwell  and  Prantl ; 
for  abnormalities  in  tubers  of  Aconitum  see  Hartwich,  Bot.  CentralbL,  1897,  and 
the  okler  literature  quoted  there. 


litermture :  Giroo  de  Baxardngnet,  Ann.  tc  nat.,  t^r.  a,  t  i,  1834,  p.  150  uid  pi.  5,  fig.  i. — 
C«ilUrd,  Moelk  d«  pUntct  ligncotet,  Ann.  tc  nat.,  i^r.  a,  t  tz,  p.  a9a — Dumas,  La  ttructure 
de  THelleborc  ieCide,  Tbete,  Mootpellicr,  1844,  48  pp.  ct  6  pL— -Vaopell,  Untenocb.  fiber  das 
peripher.  WachsL,  Ldpcif ,  1855.— Ilartig,  VcrfL  Anat  der  HoUpfl.,  Bot.  Zeitong  1859,  p.  93.— 
bcrnct,  Xylologbcbe  Stwdien,  Bull.  Soc.  Moicoo  1861,  p.  423.— Sanio,  Bot  Zeit.  1863,  p.  230. 
—  Van  Tkghem,  Le  FIcaire,  Ann.  tc.  nat,  i^.  5,  t.  t,  1866,  p.  08  and  pi.  10. — Cbalon,  Anatomie 
ooap.  det  tigct  Ugnenset  dicotylMooet,  Pi^n.  M^m.  Eztrait  de  la  Soc.  roj.  de  bot.  de  Belgiqne, 
t.  y\,n,  J.  1867,  p.  5. — AtkcnafT,  BoC  ZetU  1870, jp.  193. — Van  Tiegbem,  Ann.  tc  nat.,  wtt.  5,  t.  xiii, 
1870-1,  p.  366.  — Tangl,  Getaaapcfforatiooen,  Sitr.-Ber.  Wiener  Akad.,  Bd.  Uiii,  Abt  1,  1871, 
p.  «37'~Aicbefioo,  Boc  Zeit  iSjt,  p.  411.— Magnna,  Bot  Zdt.  1873,  p.  63a.— Vctqoe,  Anatomie 
de  1  ^cofce,  Am.  tc  nat.  i^.  6.  t  it,  1875,  p.  8a. — Reinke,  Anatomie  der  an  den  Laabbl.  Torkomm. 
Sckretiooaorgane,  Prinfibcim  Jabrb.,  od.  z,  1876,  pp.  171-a.  —  MoUer,  Vergl.  Anatomie  dct 
Holica,  Denktcbr.  Wiener  Akad.,  Bd.  zzzri,  1876,  pp.  7a  and  368.  — De  Bary,  Vergl.  Anat, 
l877.>-Arctcboiig,  BUdets  anatomt,  Mtooetiknft,  Land,  1878  (Bmtrackimm  emfumm,  Schnlti),  p.  1 13 
ct  teq.  —  Bebrent,  CmiiJka  dimmt/oUm,  Kotmoa,  Bd.  is,  1881,  ppi  11-14.  — Vetqae,  ^^^  ^^s">* 
v^^t^tana  appliq*^  k  la  claaificatioo,  Noqt.  Arcb.  dn  Mm.  dliltt  nat.,  1^.  a,  t  ir,  1881,  pp.  aa-o 
and  pL  I —  Uabcrlaadt,  VcrgL  Anat  dcs  asimilator.  Gewebctyit  d.  PA,,  Pringibelm  Jabrb.,  Bd. 
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xiii,  iS8a,  pp.98.100  and  TAb.,ni.^J.  £.  Wdst,  MarktUndiget  GefiMbflndeltTft.,  Bot.  Centnabl. 
1883,  Hi,  p.  a8^.  — Coitantiii,  Et  comp.  det  tifjes  a^nenncs  et  souternunet  det  DicotyU  Theie, 
Pariii  1885.  —  Marie.  Rech.  tor  la  gtnict.  det  K^noncolac^et,  Ann.  tc  nat,  1^.  6,  L  zx,  1884, 
pp.  5-180  and  pL  i-viii.  »  Morot,  P^ricycle,  Ann.  tc.  nat,  t^.  6,  t.  xz,  1884,  p.  270. —  Hetnricbcr, 
Itolateraler  Blattbaa,  Pringtbeim  Jahrb.,  Bd.  zr,  1884,  p.  535.  —  Volkcna,  Standort  n.  anat.  Baa, 
Tahrb.  d.  Berliner  Gart.,  Bd.  iii,  1884,  d.  10. — Bonnier,  Rbizome  ^Atumome  mmorosa^  Bull.  5%oc. 
bot.  de  France,  t^r.  a,  L  Tti,  1885,  pp.  167-70. — Lecoyer,  Mono^.  du  genre  Tkalicirumy  Boll.  Soc 
roy.  de  bot.  de  Belgiqne.  t.  zzir,  1885,  pp.  10 1,  loa  ;  alto  loc.  dt.,  t.  zri,  pi.  i  and  ii.— Mentovicb, 
Pflanzl.  Mark,  Klaotenborg,  1885,  Hongarian,  abttract  in  Jott  1 88c,  1,  p.  789.— Alb.  Meyer.  Ranun- 
colaceae.  Wigand,  Bot.  Hdte,  i,  1885,  pp.  3-50  and  Tab.  I.  —  Sofereder,  HoUttroktor,  1885,  n.  46. 
— Plitt,  Vergl  Anat  det  BlatUtielt,  Ditt.,  Marborg,  1886,  pp.  ft-13.— Kraater,  Zerkliiftetet  Xylem 
bei  Clematts  Viialha,  L..  Verb.  k.  k.  zoolog.-bot  GetelUcb.  Wien  1887,  p.  795  et  teq.— Lx>hrcr, 
Vergl.  Anat  der  Worzeln,  Wigand,  Bot.  Hefte,  ii,  1887,  p.  16  et  teq.  and  Tab.  1,  II.— Petit,  PMole 
det  DicotylMooet,  M^.  de  la  Soc  det  tc  pbyt.  et  nat.  de  Bordeauz,  i^r.  3,  t.  iii,  1887,  pp.  253- 
63  and  pL  iii.  — Prantl,  NatUrl..  Pflanrenfam.,  iU.  Teil,  Abt  a,  1888,  p.  47.— Bonnier,  Kanon- 
colac^et  de  la  flore  de  France,  Reme  g^n^rale  de  Bot,  t.  1,  Parit,  1889,  p.  330  et.teq.— Dooliot 
P^riderme,  Ann.  tc  nat.,  wtt,  7,  t.  z,  188^,  p.  333. —  Petit,  Noot.  redu  tor  le  petiole,  etc, 
Actet  de  la  Soc.  Linn,  de  Bordeauz,  t.  zliii,  1889,  pp.  ao,  ai  and  pi.  iii.  —  Piccooe,  Foglie  delle 
RanoncuUcee,  Atti  della  .Soc  Ital.  di  Scienze,  vol.  zzziii,  1889.  — J.  £.  Weita,  Korkuldong. 
Dcnkfchr.  k.  bayer.  bot.  Getelltdi.  zo  Regentburg,  Bd.  vi,  1890,  tep.  copy,  p.  68. — Goebel,  PHanses- 
biol.  Scbild.  ii.  Lief.  1,  1891,  p.  a7  et  teq.— Nibonl,  Et  anatom.  det  R.:  Xatmmculm  artftmis.  L., 
Bmzellet,  1891,  4a  pp.  and  4  pi.  —  Stratborger,  Leitnngtbabnen,  Jena,  1891,  pp.  306-aa. — 
Mitcyntki,  Anat.  Untenucb.  iiber  die  Mitchlinge  der  Anemooen,  Anxeiger  der  k.  Akad.  d.  Wi«. 
Krakau,  Politb,  189a,  n.  a,  pp.  59-64.— Mazwefl,  Roott  of  R.,  Bot.  Gazette,  1893,  pp.  8,  41  and  97 
and  pi.  ii-iT.  —  Nettler,  Eigent.  im  anat  Bao  der  Laubbl.  einiger  R.,  Oetterreich.  bot  Zeitadir. 
1893, pp.  166  and  ai  5  et  teq.  and  Taf.iz,  z.— Scbenck,  Anatomie  der  Laanen,  1893,  pp.  59-61. — Uerbst, 
Markttrahlen,  Bot  Centralblatt  1894,  i,  p.  a97  et  teq.  —  Nettler,  Anat  Ban  ia  Laobbl.  der 
Helleborecn,  Verb.  kait.  Leopold.-KaroUn.  deottcb.  Akad.  d.  Natorf.  so  HaUe,  Bd.  61,  1894* 
pp.  1-44  and  Tab.  i-iii.— Pobl,  IlydrastU  camuUnsis,  Bibl.  bot.  Heft  99,  1894,  p.  6  et  teq.  and  Tab. 
IT. — Schilling,  Scbleimbildung  der  Wataerpfl.,  Flora,  1894,  pp.  310-13.  —  Nettler,  Anat  Bao  der 
Laubbl.  der  Gatt  Kattumuius^  Verb.  Akad.  d.  Natorf.  so  Halle,  Bd.  63,  1895,  pp.  a8i-3io  and 
Tab.  zzii-zziT.— Dtelt,  Veg.  Biol.  Yon  Nenteeland,  Engler,  Bot.  Jahrb.,  Bd.  zzil,  1896,  pp.  148, 
a49  and  a6i.— GrcTilliut,  Engler,  Bot  Jahrb.,  Bd.  zziii,  1896,  p.  9a.— Hartwich,  £in  bei 
^^tffu/viPfKnollen  beob.  Aboonnit,  Bot.  Centralbl.  1807,  ii,  p.  114  et  teq.  and  Tab.  i,  iL^fLenlant, 
Dtlpkinium^  Arch,  de  Tlnttitut  bot  de  TUniv.  de  Liege,  vol.  i,  1807,  70  pp.,  11  pl.V-[MantioB, 
Tkaiitirum,  loc.  dt,  1897,  104  pp.,  14  pi.]  —  [Sterckz,  O^maOd^  loc  dt,  1897,  88  pp., 
15  pL] 

DILLENIACEAE. 

I.  Review  of  the  Anatomical  Features.  The  following  characters 
must  be  specially  pointed  out  as  applying  to  the  Dilleniaceae  :  (a)  with  regard 
to  the  structure  0!  the  axis  : — the  bordered  pitting  of  the  wood-proscnchyma  ; 
the  frequent  occurrence  of  broad  medullary  rays  in  the  xylem  ;  the  scanty 
development  of  wood-parenchyma ;  the  tendency  to  the  formation  of  scala- 
riform  perforations  in  the  vessels,  these  being  present  either  exclusively  or 
side  by  side  with  simple  perforations,  the  latter  then  predominating  ;  (6)  with 
regard  to  the  structure  of  the  leaf : — the  lack  of  a  uniform  characteristic  stomatal 
apparatus.  Glandular  hairs  are  absent  ;  the  hairy  covering  consists  of  simple 
unicellular  hairs  and  of  stellate  hairs  (Fig.  2,  i4-C),  rarely  (Hibberiia  Upidota^  R. 
Br.,  Fi§.  2,  D-E)  of  peltate  hairs.  Oxalate  of  lime  is  deposited  exclu- 
sively in  the  form  of  bundles  of  raphides.  It  must  also  oe  noted  with 
regard  to  the  structure  of  the  axis,  that  the  formation  of  cork  is  mostly  internal 
and  that  the  outer  limit  of  the  bast  (the  pericycle)  varies  in  its  nature.  Anoma- 
lous  stem-structure  is  found  in  the  species  of  the  genus  Doliocarpus,  in  which 
the  original  ring  of  vascular  bundles  becomes  surrounded  by  concentric  secon- 
dary  bundle-rings,  which  arise  in  the  pericyclic  parenchyma.  Finally,  there 
remain  to  be  mentioned  :  the  silicification  of  epidermal  cells  of  the  leaf  occurring 
in  many  members  of  the  Order ;  the  spicular  cells  filled  with  a  white  secretion  in 
the  pith  of  Davilla^  Doliocarpus^  and  Tetracera  ;  and  the  occurrence  of  spicular 
cells  in  the  leaf  of  Hibberiia  grossulariaefolia^  Salisb.,  and  H.  linearis^  R.  Br. 
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2.  Structure  OF  THE  Leaf.  There  are  investigations  by  Vesque»  and  more 
recently  by  Steppuhn,  dealing  with  the  leaf-structure.  The  investigations  of 
the  latter  author,  which  also  extend  to  the  structure  of  the  axis,  refer  to  compre* 
hensive  material,  including  many  species,  of  the  genera  DaviUa^  CuraUUa^  Dolio- 
carpus^  Tetracera^  Acrotrema^  Schumacheria^  Dillenia^  Hibbertid,  and  Pachynema. 

With  regard  to  the  epidermis  of  the  leaf  it  must  be  stated,  in  the  first  place, 
that  its  cells  either  have  straight  or  undulated  lateral  walls.  The  stomata  are 
usually  surrounded  by  an  inc^terminate  number  of  cells  which  are  not  specially 
differentiated  by  their  shape  ;  in  Tetracera  oblongata^  DC.,  on  the  other  hand, 
they  are  accompanied  by  subsidiary  cells  placed  parallel  to  the  pore.  In  the  first 
of  these  cases  (according  to  developmental  investigation  of  DUlenia  speciosa  by 
Vesque)  the  mother-cell  of  the  pair  of  guard-cells  is  cut  off  by  the  first  division. 
The  leaf-strocttire  is  mostly  bifacial;  centric  leaf-structure  occurs  only  in  the 
leaves  of  Hibbcrtia^  which  in  some  cases  are  flat,  in  others  have  an  cricoid  cha- 
racter, and  in  the  latter  case  sometimes  show  furrow-formation  on  the  lower  side. 
Connected  with  the  furrow-formation  just  mentioned  is  the  occurrence  (in  one 
species — //.  rkadinapoda^  F.  v.  Hiill.)  of  expansive  cushions  ('  Schwellpolster ' 
of  Tschirch)  S  whicn  cause  a  rolling  in  of  the  leaf-margins  in  the  well-known 
manner  when  there  is  a  scarcity  of  water,  and  a  re-extension  of  the  leaf  when 
fresh  water  is  supplied.  In  the  mesophyll  of  two  species  of  Hibbertia  (//.  gros- 
suiaria^hlia^  Salisb.,  and  //.  linearis^  K.  Br.)  Steppuhn  has  observed  the  occur- 
rence of  thick-walled  and  branched  spicular  cells  reaching  from  one  epidermis  to 
the  other.  He  points  out  the  followmg  facts  with  regarof  to  the  structure  of  the 
mklrib.  It  oossesses  a  stem-like  structure,  namely  a  closed  ring  of  vascular 
bundles  in  (^urateUa^  DaviUa^  Doliocarpus^  and  Tetracera.  In  Acroirema  and 
DUUnia  the  midrib  contains  several  (2-7,  rarely  more)  concentric  bundles  with 
peripheral  phloem  ;  in  Schumacheria  several  collateral  bundles,  arranged  in 
a  circle,  but  free.  Differences  occur  with  respect  to  the  presence  or  absence  of 
mechanical  tissue  accompanying  the  bundles  of  the  veins,  and  are  of  importance 
only  for  purposes  of  more  special  diagnosis  (see  Vesque). 

As  regards  oxalate  of  lime,  it  has  already  been  pointed  out  under  the 
general  diiu^osis,  that  in  the  parenchymatous  tissues  of  the  axis  and  leaf  it  is 
to  be  found  only  in  the  form  of  bundles  of  raphides.  The  latter  have  been  met 
with  in  all  the  species  investigated.  Those  found  in  the  leaf-tissue,  according 
to  Baillon,  sometimes  cause  roughnesses  of  the  leaf-surface,  which  may  be  felt 
by  the  finger.  Not  every  case  of  roughness  of  the  leaves  of  the  Dilleniaceae,  how- 
ever, is  to  be  referred  to  this  anatomical  feature.  It  is  in  some  cases  caused  by 
groups  of  silicified  cells  in  the  epidermis.  Silicification  of  cell- walls  and  perhaps 
also  deposition  of  silica  in  the  ceU-cavity  appears  to  be  a  very  wide-spread  pheno- 
menon in  the  Order.  Groups  of  silicified  cells  in  the  epidermis  of  the  leaf  *  have 
been  demonstrated  by  Mohl  in  Davilla,  by  Baillon  in  LuraUUa^  by  O.  Bachmann 
in  species  of  Daliocarpus^  Hibbertia^  Pinzana^  and  PUurandra^  and  lastly  by 
Kohl  in  Delima.  The  silicified  cells  of  these  plants  occur  in  groups  of  either 
few  or  several  cells  ;  in  the  latter  case  they  not  infrequently  group  themselves 
like  a  rosette  round  one  or  several  sclerenchymatous  hairs,  and  thus  by  their 
prominence  in  the  dry  leaf  form  a  knob-like  structure,  or  resemble  a  small 
peltate  scale  (false  peltate  scale  in  the  latter  case).  In  the  interior  of  the  leaf- 
tissue  of  DavUla  brasUiana^  DC.,  solid  masses  of  silica  are  stated  by  Mohl  to 
fill  the  entire  cell-cavity  together  with  the  pit-canals. 

At  this  point  we  may  also  mention  the  spicular  cells,  which  are  filled  with 
peculiar  whitish  contents  (probably  not  silica),  and  occur  in  the  pith  of  some 

*  Ttchircli,  Bdtr.  r.  Aiuitoaiie  a.  dem  EinroUimgiaiechanisaias  einiger  GrubUitter ;   Jahrb.  L 
Witt.  BoL,  Bd.  nil,  1881,  p.  544  et  leq. 

*  It  if  ooocfUin  ham  Ua  thine  coincide  with  the  tpby  hain  to  be  lacntiooed  Utcr. 
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Dilleniaceae.  They  are  elongated,  sclerosed,  but  wide-Iumened  cells,  which 
had  already  been  seen  by  Criiger  in  Doliocarpus  Rolandri,  Gmel.,  and  described 
by  him  as  special  vessels  ('  eigene  Gefasse  '),  and  have  since  been  observed  by 
me  in  DaviUa  rugosa.  Poir.  (syn. :  D.  brastUanOy  £>€.)»  smd  by  H.  Schenck  in 
Tetracera  Breyniana^  Schlecht,  and  T.  obUmgaia^  DC.' 

With  regard  to  the  hairy  covering,  the  lack  of  glandular  hairs  must 
once  more  be  specially  pointed  out.  The  clothing  hairs  that  occur  are  simple 
unicellular  trichomes,  stellate  hairs,  and  in  one  case  {Hibbertia  Upidoia^  R.  Br.) 
peltate  hairs.  The  simple  unicellular  trichomes  are  very  short  and  papilliform 
or  elongated.  The  stellate  hairs  {CuraUUa,  Hibbertia)  consist  of  a  tuit  of  simple 
hairs,  which  is  usually  embedded  in  a  small  multiceUular  elevation  resembluig 


Pro.  >.    A,  ttelUle  hair  of  HikbtrHA 


^  »-c,  tpiny  hair  of  T§hrmenrm  Momgmim.   DC : 

B,  trmasrerw  wctkm  tlinmf  li  the  tpiny  hair  aad  thnmgli  a  piwe  of  leaf-tiMM.  c,  nrfacc-view  of  the  tpiay  hair 
with  the  nrroaadiBf  cells  of  the  apfwr  side  of  the  leaf.  o-B,  pehatc  hair  of  HibktrtU  kpidoU^  R.  Br  .  D.  ta 
•wlaee>view ;  B,  hi  MclkML^Orifiaai 


}mfmrfmrmem,  Benth. 
lir  aad  throagh  a  piwe 


a  pedestal  (Fig.  2,  A).  The  walls  of  both  the  simple  and  the  stellate  hairs  are 
sometimes  incnisted  with  silica.  A  special  form  of  stellate  hair  is  presented 
by  the  spiny  hairs,  which  are  present  according  to  Steppuhn  in  species  of 
Tetracera  (Fig.  2,  fi-C)  and  CuraUUa^  and  appear  to  the  naked  eye  as  false 
peltate  scales.  They  consist  of  a  group  of  epidermal  cells,  which  are  produced 
mto  short,  papilla-like,  pointed  and  strongly  silicified  hairs.  Below  this  group 
of  cells,  single  cells  of  the  palisade-tissue  are  sometimes  sclerosed,  e.g.  in  Tetracera 
oblongata^  DC.,  according  to  my  own  observation.  It  is  on  account  of  these 
hairs  that  the  leaves  of  many  of  the  species  concerned  are  employed  in  Brazil 
and  in  India  in  the  same  way  as  glass-paper  for  smoothing  and  cleaning  wood. 


'  Gilg  and  Steppuho  are  wrong  in  dcoying  tlie  prefcace  of  contents  in  the  elcmenti  in  question  ; 
the  contents  are,  however,  not  easy  to  ohtem. 
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metal,  &c.  The  peltate  hairs  of  Hibbertia  lefidoia  have  already  been  described, 
but  quite  insufficiently,  by  O.  Bachmann  and  Steppuhn.  The  shield-like  part 
(Fig.  2,  D-E)  consists  at  its  periphery  of  a  large  number  of  narrow,  thick- 
wafied  and  narrow-lumened  ray-ceUs,  which  penetrate  to  a  greater  or  less 
distance  towards  the  centre  of  the  shield,  and  then  bending  downwards  join  in 
the  formation  of  the  peripheral  part  of  the  stalk  of  the  peltate  hair.  The  middle 
of  the  shield  is  occupied  by  the  central  sclerenchymatous  stalk-cells,  which, 
having  reached  the  surface  of  the  shield,  either  terminate  at  once,  and  in  that 
case  end  in  a  small,  pointed,  siliceous  papilla,  or  are  continued  for  a  short  distance 
further  in  the  radial  direction  and  parallel  to  the  surface  of  the  shield,  causing 
a  local  doubling  of  the  cell-layer  of  the  shield.  In  correspondence  with  this 
the  peltate  hair  may  be  derived  from  a  group  of  numerous  spiny  hairs,  if  one 
imagines  the  peripheral  cells  of  the  group  elongated  into  ray-cells  and  united 
together  to  form  a  shield. 

3.  Structure  of  the  Axis.  The  foUowing  description  is  based  on  the 
statements  in  the  works  of  Baillon,  Holler,  Solereder,  Hitzemann,  and  Steppuhn, 
which  are  cited  below. 

The  peculiar,  elongated,  thick-walled  pith-cells,  which  are  filled  with  secre- 
tion and  occur  in  species  of  DavtUa^  DoliocarpuSy  and  Tetracera^  have  already 
been  referred  to  above.  With  regard  to  the  structure  of  the  pith,  one  must  also 
mention  Baillon's  statement  as  to  the  occurrence  of  septation  of  the  pith  with- 
out sclerosis  in  most  species  of  Wormia^  and  further,  the  statements  of  Hitze- 
mann  and  Steppuhn  as  to  the  occurrence  of  groups  of  stone-cells  in  the  pith  in 
species  of  CuraUUa^  Davilla^  DilUnia^  Doliocarpus,  and  Tetracera^  and  of  solitary 
stone-cells  in  species  of  Hibbertia. 

In  a  transverse  section  through  the  wood  the  most  noticeable  feature  is 
that  the  vessels  are  scattered.  Their  diameter  varies,  and  attains  a  consider- 
able size  in  the  lianes,  especially  in  the  climbing  species  of  Doliocarpus  and 
Tetracera^  which  in  their  native  country  are  called  *  Water-lianes '  {Bejuco  de 
agua)  in  reference  to  thepossibility  of  obtaining  the  quantity  of  water  contained 
in  their  wide  vessels.  Tne  vessels  of  the  Dilleniaceae  either  possess  scalariform 
perforations  only,  often  with  a  large  number  of  bars,  but  now  and  then  with  a 
smaller  number  (species  of  CandolUa^  DiUenia^  Hibbertia),  or  simple  perforations 
side  by  side  with  tne  scalariform  ones  (species  of  Curatella,  DaviUa,  Doliocarpus, 
Tetracera) ;  in  the  latter  case  the  scalariform  perforations  usually  only  have 
a  few  bars.  The  wood-prosenchyma  forming  the  groimdwork  of  the  xylem  has 
bordered  pits  throughout,  and  forms  a  character  of  the  Order,  as  hadf  already 
been  pointed  out  by  Baillon  for  the  species  investigated  by  him.  The  meduUary 
rays  vary  in  breadth.  CandoUea,  CurateUa,  DaviUa,  Dillcnia,  Doliocarpus, 
Schumackeria,  and  Tetracera  possess  both  broad  and  narrow  medullary  rays, 
while  Acrotrema,  Hibbertia,  and  Pachynema  have  only  narrow,  1-2-seriate  rays. 
The  medullary  rays  are  throughout  of  considerable  height,  and  are  usually 
distinguished  by  containing  abundant  tannin.  The  celk  of  the  broad 
meduUary  rays  are  elongated  in  the  vertical  direction,  but  are  never  very 
high.  The  wood-parenchyma  is  for  the  most  part  only  slightly  developed ; 
MdUer  mentions  tangential  bands  of  xylem-parenchyma  only  in  the  case  of 
a  wood  described  as  CurateUa  americana,  L. 

As  regards  the  structure  of  the  cortex,  in  the  first  place,  essential  differences 
occur  with  respect  to  the  nature  of  the  boimdary  l^tween  the  primary  and 
secondary  cortex  and  as  to  the  place  of  origin  of  the  cork. 

According  to  Hitxemann,  a  composite  and  continuous  ring  of  sclerenchyma 
is  present  on  the  outer  side  of  the  bast  in  Dillenia  pentagyma  and  D,  speciosa,  as 
well  as  in  Tetracera  mada^ascariensis.  This  is  replaced  by  a  ring  of  bast-fibres 
in  Hibbertia  £rossulariaefolia  and  H.  volubUis,  and,  according  to  Steppuhn,  in  the 
majority  of  the  Dilleniaceae.  The  ring  just  mentioned  is  also  indicated  m  CandoUea 
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cuneifarmis  by  some  few  bast-fibres.  Isolated  bundles  of  bast-fibres  are  also 
found  in  the  outer  part  of  the  pericycle  in  species  of  Davilla^  Doliocarpus^ 
and  Tetracera  (according  to  H.  Schenck).  Finally,  no  demarcation  of  the 
pericycle  by  sclerenchyma  is  present  in  Tdracera  euryandtd,  according  to 
Hitzemann,  and  in  Acrotrema  and  some  of  the  species  of  Hibhcrtia^  according 
to  Steppuhn. 

Cork-formation  is  internal  in  most  members  of  the  Order;  that  is  to  say« 
the  cork  usually  arises  in  the  inner  layers  of  the  primary  cortex  (Doliocarpus^ 
according  to  H.  Schenck)  or  at  the  outermost  limit  of  the  soft  bast — if  a  ring  of 
bast-fibres  is  present,  interior  to  it^.g.  according  to  Hitzemann  in  CamUMea^ 
Davilla^  Hibbertia^  and  Tetracera,  In  DiUenia^  on  the  other  hand,  the  cork« 
according  to  Hitzemann,  originates  sub-epidermally  in  the  outermost  cell-layer 
of  the  primary  cortex.  The  cork-cells  vary  in  structure.  They  sometimes 
have  large  lumina  and  delicate  walls,  as  in  Dillcnia  petUagyna^  Roxb.  (accord- 
ing to  Mdller) ;  in  other  cases  some  of  them  are  sclerosed  on  one  side,  e.g.  in 
DiUenia  speciosa  or  Tetracera  madagascariensist  or  sclerotic  on  all  sides,  as 
in  Tetracera  euryandra  ;  in  the  last-named  species  the  stone-celled  cork  forms 
layers  which  are  concentric  and  alternate  with  thin-walled  cork. 

As  regards  the  secondary  cortex,  scattered  bast-fibres  may  occur  in  it 
(in  species  of  DaviUa^  DoUocarpus^  and  Tetracera,  according  to  H.  Schenck), 
and  also  groups  of  stone-cells  (in  species  of  Curatella,  DavUla^  Doliocarpus,  and 
Tetracera,  according  to  Steppuhn,  and  in  DiUenia  pentagyna,  according  to 
Holler). 

Tannin  is  found  abundantly  in  the  cortex,  just  as  in  the  medullary  rays  of 
the  wood. 

Anomalous  stem-structtire  is  at  present  known  only  in  the  genus  Dolio- 
carpus.  Other  climbing  shrubs  belonging  to  the  genera  DaviUa  and  Tetracera, 
collected  and  investigated  by  H.  Schenck,  are  normal  in  structure.  The 
anomaly  of  Doliocarpus  consists  in  the  formation  of  successive  concentric 
rings  of  bundles,  which  takes  place  only  in  rather  thick  portions  of  the  axis. 
The  secondary  rings  of  bundles  always  arise  outside  the  outermost  phloem- 
elements  of  the  original  bundle- ring,  in  the  parenchymatous  pericycle  and  inter- 
nally to  the  primary  groups  of  bast-fibres.  It  is  worth  noting,  that  in  the  xylem 
of  the  secondary  bundles  no  primary  forms  of  tracheae  are  produced,  and  that  the 
secondary  bundles  are  separated  from  one  another  by  fairly  broad  medullary 
rays.  Criiger  was  the  first  to  discover  the  anomaly  in  question,  and  mentioned 
it  for  Doliocarpus  Rolandri,  Gmel.,  and  for  a  large  undetermined  Dilleniaceous 
species  from  Trinidad,  called  Bejuco  de  aqua  or  Water-liane.  The  latter, 
described  by  H.  Schenck  as  probably  identical  with  Pinzona  calineoides,  EicU., 
belongs,  according  to  Steppuhn,  to  Doliocarpus  scandens  (Aubl.)  Gilg. 

Litentnre:  Criiger,  Bot.  Zeit  1850,  p.  166.  — Mohl,  Bot.  ZetL  1861,  p.  109.— Eichler,  in  Florm 
bratil.,  vol.  xiii,  i,  1864,  p.  116. — BaiUoo,  L*aiuitomie  det  D.,  AdansooU  vii,  1866-7,  pp.  8S>93; 
Me  alio  Compt.  rend.,  t.  Uiy,  1867,  p.  297,  and  Baillon,  Hist,  det  pUntet,  t  i,  1867-9,  P-  119  ct  aeq. 
— Mbller,  HolzAnatomie,  Denkichr.  Wiener  Akad.  1876,  pp.  70  and  366. — l>e  Bajy,  Yergl.  Aiwt., 


1877,  p.  I03.— Vesqoe,  Noqy.  Arch,  da  Mui.  d'hiit.  nat.,  wtr,  2,  t.  iv,  1881,  pp.  i^^t  and  jpl.  i. — 
Moller,  Rindenanatomie,  i88a,  p.  231. — RadUcofer,  Abb.  det  natnrw.  Ver.  xa  Brefnen,  Bd.  viiC  1883, 
p.  439. — Blenk,  Dnrchs.  Pnnkte,  Mora  1884,  p.  381 — Sotereder,  Holzstmktnr,  1885,  p.  47. — O. 
Bachmann,  Schildbaare,  Flora  1886,  separate  copy,  pp.  a8  and  39.— Hitzemann.  VergL  Anatomie 
der  Temstromiaceen,  etc.,  Diat.,  Kiel,  1886,  pp.  57-77- — Donliot,  Pcriderme,  Ann.  ic  nat.,  tir,  7, 
t.  z.  1889,  pp.  341 -a. — Kobl,  Kalktalze  u.  Kteteltaure,  Marburg.  1889.— H.  Schenck,  Anatomie  de 
Li^Acn.  1893,  pp.  73-7  and  p.  a(a  and  Tab.  UI,  Figs.  a4-^.— Gilg,  in  Nattirl.  Pflanxen£am«.  iii. 
Teil,  Abt  6,  1803,  pp.  101 -3.— Steppuhn,  VergL  Anat.  der  D.,  Din.,  Bern,  1895,  30  pp.  and  a  Tab. 
(separate  copy  from  bot.  Centralbl.  1895,  Bd.  Ixii). 
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CALYCANTHACEAE. 

I.  Review  of  the  Anatomical  Features.  This  small  Order  is  excel- 
lently characterized  anatomically  by  the  presence  in  the  stem  of  four  cor- 
tical vascular  bimdles  inversely  onentatcd  as  regards  the  position  of  their 
xylem-  and  phloem-groups  (Fig.  3,  C),  and  by  the  possession  of  secretory  cells 
(Pig-  3«  B),  To  these  must  be  added  the  following  important  i)ositive  an4 
negative  characters :  simple  unicellular  sclerosed  hairs,  which  together  vrith 
their  subsidiary  cells  are  silicified  (Fig.  3*^4);  the  lack  of  dandular  hairs ; 
stomata,  which  are  accompanied  by  two  subsidiary  cells  parafiel  to  the  pore ; 
the  absence  of  a  ring  of  sclerenchyma  in  the  pericycle,  instead  of  which  there 
are  isolated  ^[roups  of  primary  bast-fibres ;  the  origin  of  the  cork  inmiediately 
below  the  epidermis  and  the  radial  elongation  of  the  first-formed  periderm-cells  ; 
narrow  medullary  rays  in  the  wood ;   spirally  thickened,  pitted  vessek  vrith 


Pro.  3.  A,  tnchome  with  nBciied  nbaidiAnr  oelb 
from  the  leaf  of  Othemmikms  gimmau.  WilM.  B.  lower 
epfcfaf  b  of  the  leaf  of  C//c«au  with  a  ■ecretory  odL 
c,  cortical  vaacvlar  bandle  of  C  Jlcridtu^  L.  «  A-^^ 
original ;  c,  after  Worooin. 


simple  perforations ;  the  relatively  small  production  of  wood-parenchyma ; 
the  pits  of  the  wood-prosenchyma  with  a  small  but  often  evident  border. 
Oxalate  of  lime  is  only  rarely  produced,  and  then  in  the  form  of  small 
prismatic  crystals ;  tannm  is  absent. 

2.  Structure  of  the  Leaf'.  The  leaves  of  the  Calycanthaceae  are 
bifacial  in  structure.  The  epidermal  cells  have  straijg;ht  or  curved  lateral 
walls.  Palisade-parenchyma  is  present,  for  example,  in  ChimonafMius  fragrans 
and  Calycanthus  Uuvigatus^  but  is  indistinct  in  Calycanihus  flaridus.  The 
stomata  are  found  only  on  the  lower  side  of  the  leaf,  and  are  always  accom- 
panied by  two  subsidiary  cells  placed  parallel  to  the  pore.  Sclerenchyma 
accompanying  the  vascular  bundles  of  the  veins  may  be  present  or  absent. 

The  hairs  are  exclusively  unicellular,  they  may  be  short  or  rather  long,  and 
are  strongly  thickened ;  both  they  and  the  neighbouring  cells,  which  surround 


Chicly  aocofdiog  to  Vctipw,  bicnk  and  Lignicr,  IL  cc 
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them  in  rosette-fashion,  possess  strongly  silicified  membranes  (Fig.  3,  i4). 
In  dried  leaves  the  groups  of  silicified  cells  in  question  give  rise  to  dots,  which 
may  either  be  dark  (CalycatUhus  lacvigaius)^  or,  more  commonly,  dimly  trans- 
lucent.   Glandular  hairs  are  absent. 

Secretory  cells  are  present  in  all  the  members  of  the  Order  in  the  paren- 
chymatous tissues  of  the  axis,  leaf  and  root  as  well  as  in  those  of  the  repro- 
ductive organs.  They  can  be  easily  recognized  by  their  spherical  form  and  oily 
contents ;  according  to  Hohnel,  the  wall  of  these  elements  m  CalycatUhus  ftoridus 
exhibits  a  thin  middle-lamella,  a  very  thin  suberized  and  a  thicker  lignified 
lamella.  In  the  leaf  the  secretory  cells  occur  in  the  mesophyll  as  well  as  in 
the  epidermis  of  the  lower  side  (see  Fig.  3,  B).  Each  epidermal  secretory  ceH 
only  a  small  part  of  which  contributes  to  the  formation  of  the  free  surface  of 
the  lower  epidermis,  has  a  small  pit  (*petits  granules  brillants  centraux'  of 
Lignier)  in  the  middle  of  its  outer  wall. 

Further,  it  deserves  notice,  that,  according  to  Lignier,  tannin  is 
not  present  in  the  leaf  or  in  the  stem  (with  the  exception  of  the  cork- 
tissue). 

Oxalate  of  lime  is  either  not  present  at  all,  or  is  only  differentiated  in  the 
form  of  small  prismatic  crystals,  which  appear  to  belong  to  the  tetragonal 
S5rstem. 

3.  Structure  of  the  Axis.  A  specially  characteristic  feature  is  the  occur- 
rence of  four  vascular  bundles  (Fig.  3,  C)  in  the  primary  cortex,  discovered  by 
Mirbel  in  CalycatUhus  ftoridus  and  since  observed  in  all  members  of  the  Order. 
In  rather  stout  branches  these  bundles  form  raised  longitudinal  lines.  Like  the 
normal  ring  of  bundles  they  {)ossess  secondary  growth  in  thickness,  and  it  is  a 
specially  essential  feature  that  they  are  inversely  orientated  as  regards  the  position 
of  their  xylem-  and  phloem-groups.  The  xylem  lies  on  the  outer  side,  the  phloem 
on  the  inner.  These  cortical  vascular  bundles,  like  those  of  the  normal  bundle- 
ring,  are  leaf- traces.  Each  of  the  opposite,  decussate  leaves  shows  three  vascular 
bundles  in  its  petiole,  one  larger  median  one,  and  two  smaller  lateral  ones  ;  at 
the  node  the  stronger  median  bundle  enters  the  bundle-ring,  while  the  two 
lateral  ones  rotate  through  180°,  so  that  their  xylem-groups  assume  the  inverted 
orientation,  and  they  then  pass  downwards  in  the  cortex  parallel  to  the  bimdles 
of  the  ring,  and  at  the  next  node  insert  themselves  on  the  lateral  bundles,  which 
enter  there '. 

The  following  facts  must  be  mentioned  with  regard  to  the  wood.  The  medul- 
lary rays  are  narrow,  1-2-seriate.  Some  of  the  vessels  have  rather  large  cavities 
(up  to  *o6  mm.  in  diameter),  and  both  thev  and  the  tracheides  possess  a  spiral 
thickening  of  the  wall  as  well  as  borderedf  pits ;  the  walls  of  the  vessels  nave 
simple  pits  where  they  are  in  contact  with  the  parenchyma  of  the  medullary  rays. 
The  perforations  of  the  vessels  are  alwa3rs  simple.  Wood-parenchyma  is  only 
slightly  developed.  The  wood-prosenchyma  has  slit-like  pits  with  a  small, 
often  distinct,  border. 

The  cortex  contains  no  ring  of  sclerenchyma.  On  the  outer  side  of  the 
bast  only  isolated  groups  of  bast-fibres  are  present.  The  cork  in  Calycanthus 
and  ChitnottatUhus  arises  in  the  outermost  cell-layer  of  the  primary  cortex. 
The  first-formed  periderm-cells  are  radially  elongated.  In  the  primary  cortex 
of  .relatively  thick  branches  small  plates  of  sclerotic  cells  are  foimd,  these  ceUs 
having  only  their  inner  tangential  walls  sclerosed.  The  secondary  cortex  forms 
neither  bast-fibres  nor  stone-cells  ;  its  parenchyma  is  distinguished  by  its  loose 
texture. 


'  The  sUtements  of  H^rail  (loc.  cit.)t  according  to  which  the  cortical  bundles  arise  in  the  peri- 
cycle  and  sobseooently  move  outwards,  cannot  bt  brought  into  agreement  with  the  above,  and 
require  confirmation. 
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The  pith  is  heterogeneous  in  Calycanikus  flaridus^  according  to  Hentovich. 
The  peripheral  cells  are  very  small  and  thick-walled,  and  in  winter  are  filled  with 
starch-grains ;  the  cells  of  the  central  part  are  much  larger,  less  thickened  and 
empty ;  the  latter,  moreover,  have  secretory  cells  among  them. 

Secretory  ceUs  occur  in  the  axis  both  in  the  pith,  the  secondary  and  primary 
cortex,  and  in  the  epidermis. 

Utentnie:  Mirbel,  Tige  d'lu  tiH  Tieu  CafycmMikms  JhridmSt  Ann.  tc  nat.,  i^.  1,  L  ut,  i8a8, 
pL  «6;,  pL  litL — Gmodkhmodf  Arch,  de  boL,  t.  ii,  1 833,  p.  495. — ^Tierinnos,  Phyt.  d.  Gcw.,  1 835,  L  Tat  L 
— Lmdlcy,  Natorml  System  of  bot,,  1836,  p.  160,  tnd  Vegetable  Kingdom,  1846,  p.  541. — ^Trevirannt, 
BoC  Zeit.  1847,  p.  377.— Henfrej,  Annals  and  Magaz.  of  NaL  Hist,  ser.  a,  roi.  i,  1848,  p.  124. — 
Lmdlcj,  Intiodnctioo  to  bot,  i,  London,  1848,  p.  soo. — Criigcr,  Anomale  Uolxbild.,  Bot.  ZeiL  1851, 
p.  481 — Sanso,  Kork,  Pringabeim  Jahrb.,  Bd.  ii,  i860,  p.  39  et  aeq.^Woronin,  Ban  das  Stammes 
▼on  CmJjcmmtkus^  Bot.  ZdL  i860,  p.  177.— Sanio,  Kork,  Pringsbeim  Jabrb.  i86a— Moller,  Holz- 
anatomie.  Denkichr.  Wiener  Akad.  1876,  pp.  7a  and  368.-— De  Bary,  VergL  Anat.,  1877,  p.  368. 
— Hobnel,  Sekietionsonr.,  Sitz.-Ber.  Wiener  Akad.,  Bd.  boziT  Abt.  i,  1881,  p.  594.~Vesqne, 
Nonr.  Arcb.  da  Mas.  dUrt.  nat,  wtt.  a,  t.  ir,  1881,  ro.  31-4  and  pL  ii. — Mollcr,  Rindenanatomie, 
1 88a,  pc  ^(4. — Blcnk,  Dnrcbsirhtige  Pankte,  Flora  1884,  p.  55  et  seq.,  separate  copy,  pp.  9,  la— 
Llgnier,  Lcs  massi£i  lib^ro-ligneu  corticanz  etc.,  BolL  Soc.  boL  de  France,  t.  zzzi,  1884,  p.  138. — 
Meatoncb,  Markgew.,  Klamenborg,  1885,  Hungarian,  abstract  in  Jnst  1885,  i,  p.  789. — Solereder, 
Holxstrvktar,  1885,  p.  48.-— H^rail,  Tige  des  Dicolyled.,  Ann.  le.  nat.,  s^.  7,  t.  li,  1886,  p.  336.-— 
Plitt,  Anat.  d.  Blattttiele,  Diss.,  If  arborg,  1886,  p.  48.— Lignier,  Anat.  comp.  des  Calycantbaoees  etc, 
Arcb.  boL  da  Noid  de  la  France,  Paris,  4*  ann^,  n.  38  etc.,  1887,  pp.  1-150^ — Prantl,  in  Natiiri. 
Pftanimfam  ,  uL  TeiU  Abt.  a,  1888,  p.  93.— Solereder,  Engler,  BoL  Jabrb.,  Bd.  z,  1888,  p.  418.— 
J.  £.  Weiss,  Kork,  Denkschr.  Regcnsbnrgcr  bot  Geiellscb.  1890,  p.  67. 


MAGNOLIACEAE  (excl.  Trochodendreae  *). 

1.  Review  of  the  Anatomical  Features.  The  following  characters  may 
be  pointed  out  as  common  to  all  the  Hagnoliaceae :  the  occurrence  of  secretory 
cells,  the  wood-prosenchyma  with  bordered  pits,  the  tendency  to  the  formation  of 
acalariform  periorations  in  the  vessels,  as  well  as  the  absence  of  unicellular  hairs 
and  of  glandular  hairs.  Further,  the  type  of  stoma  is  characteristic,  although  not 
always  equally  clearly  marked :  the  guard-cells  are  usually  accompanied  by  two 
subsidiary  celto  paraUel  to  the  pore.  Where  hairs  are  present,  they  always  consist 
of  only  one  row  of  cells.  There  is  no  ring  of  sderenchyma  in  the  cortex ;  in 
the  pericycle  only  isolated  groups  of  bast-fibres  are  present.  The  origin  of  the 
cork  is  superficial,  i.e.  in  the  epidermis,  or  immediately  below  it,  or  at  least,  in 
a  superficial  layer  of  the  primary  cortex.  Oxalate  of  lune  is  present  in  the  form 
of  small  octahedral  or  prismatic  crystals,  or  of  clustered  crystals,  more 
rarely  (Schizandreae)  in  the  form  of  relatively  large  individual  crystals.  For  the 
tribe  Ma^olieae  the  occurrence  of  diaphragms  of  stone-cells  in  the  pith  is 
characteristic ;  for  Magnolia^  the  presence  of  branched  sderenchyma-cells  in 
the  cortex ;  for  lUicium,  mucila|:mous  cells  in  the  palisade-tissue ;  for  the 
Schizandreae,  sclerenchyma-cells,  m  the  walls  of  which  crystals  of  oxalate  of 
lime  appear  to  be  embedded  (Fig.  4,  A-B) ;  for  Drimys  the  absence  of  vessels 
in  the  x^em.  The  following  special  anatomical  features  observed  in  the  Order 
also  deserve  mention  and  may  be  employed  for  specific  diagnosis  :  papillose 
differentiation  of  the  lower  epidermis  of  the  leaf,  mucilaginous  cells  in  the  epi- 
dermis and  in  the  veins  of  the  leaf,  development  of  a  h)rpoderm  on  the  upper 
side  of  the  leaf,  and  so  on. 

2.  Structure  of  the  Leaf.  The  following  statements  are  based  chiefly 
on  the  works  of  Blenk  and  Vesque,  as  well  as  on  some  original,  hitherto  unpulv 
lished  observations. 

*  Tbe  Trodbodendrcse.  which  Bentham  tnd  Hooker  inclsded  u  a  tribe  of  the  MagDolUoeie,  axe 
bcre  treated  af  an  independent  group  appended  to  tbat  Order. 
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The  epidermal  cells  have  straight  or  undulated  lateral  walls.  Their  outer 
walls  are  sometimes  distinctly  striated  ;  in  other  species  the  cuticle  is  granulated 
in  consequence  of  the  deposition  of  wax.  Silicification  of  the  epidermis  is 
mentioned  by  De  Bary  ana  Kohl  for  Magnolia  grandiflora  ;  in  Magnolia  ^lauca 
siliceous  masses  are  found  in  the  interior  of  the  cells  (Kohl).  The  hard  epiaermis 
of  Drimys  Winteri^  on  the  other  hand,  is  free  from  silica.  In  Drimys  grana- 
tensiSy  L.  f.,  the  ceUs  of  the  lower  epidermis  are  produced  into  thick-waUed 
papillae  with  small  lumina;  in  Liriodendron  tidipifera^  L.,  and  in  Michdia 
Funduana^  Hook.  f.  et  Th.,  they  are  sub-papillose.  A  hypoderm  is  developed 
on  the  upper  side  of  the  leaf  in  some  species,  e.g.  in  Tasmannia  aromatica^  owing 
to  the  occurrence  of  division-walls  parallel  to  the  surface  of  the  leaf  in  the  epi- 
dermal cells ;  this  is  still  more  pronounced  in  Manglietia  insignis^  BL,  in  the 
neijghbourhood  of  the  large  veins,  and  especially  so  in  Magnolia  grandiflora^  L., 
Michdia  excdsa,  BL,  M,  Punduana^  Hook.  f.  etTh.,  and  Talauma  ovata,  St.  HiL 
The  stomata  are,  as  a  rule,  only  foimd  on  the  lower  side;  more  rarely  they  occur 
on  the  upper  side  as  well,  though  in  smaller  numbers,  e.g.  in  Kadsura  japonica^ 
Juss.  Vesque  states  that  in  the  Magnoliaceae  (including  Schizandreae),  the 
guard-cells  are  alwas^s  accompanied  by  two  lateral  subsidiary  cells,  which  arc 
parallel  to  the  pore ;  here  the  division  takes  place  in  such  a  way  that  the 
formation  of  the  subsidiary  cells  precedes  that  of  the  mother-cell  of  the  ^[uard- 
cells  (Rubiaceous  type).  According  to  my  own  observations,  however,  this  type 
is  obliterated  in  Dlaces  in  the  mature  leaf  of  the  Schizandreae,  e.|[.  in  Schizanara 
nigra^  Maxim.,  i.  axillaris.  Hook.  f.  et  Th.,  and  Kadsura  japontca,  Juss.,  aU  of 
which  have  a  large  oval  pair  of  guard-cells.  Lastly,  the  lobe-like  appendages  of 
the  two  guard-ceUs  of  lUicium  {iriffiihii.  Hook,  f .  et  Th.  and  /.  rcligiosum,  Sieb. 
et  Zucc,  are  also  worth  mentioning.  The  appendages  lie  in  the  direction  of  the 
pore. 

The  mesophyll  is  usually  bifacial  in  structure,  and  moreover  exhibits  a 
series  of  differences,  which  may  be  utilized  for  specific  diagnosis.  The  same 
holds  good  for  the  structure  of  the  veins,  in  which  sclerenchyma  may  or  may 
not  be  developed. 

With  r^ard  to  the  arrangement  of  the  vascular  bundles  in  the  midrib  and 
in  the  petiole,  one  gathers  from  the  investigations  on  this  subject  by  Vesque, 
Plitt,  and  Petit,  that  the  bimdles  in  the  Wintereae  {Drimys,  Tasmannia,  lUicium) 
and  in  the  Schizandreae  are  arranged  in  the  form  of  an  arc,  in  the  MagnoUeae 
{Magnolia,  Talauma,  Michelia,  and  Liriodendron),  on  the  other  hand,  in  a  circle, 
in  which  case  accessory  bundles  may  also  be  present  at  the  sides  of  the  groove 
on  the  upper  side  of  the  petiole. 

An  excellent  character  for  the  whole  Order  is  afforded  by  the  spherical  or 
lenticular  secretory  cells,  which  are  present  in  the  parenchymatous  tissues  of  the 
leaf  and  axis,  are  filled  with  resin  or  ethereal  oil,  and  are  provided  with  a  suberized 
wall.  These  secretory  cells  frequently  produce  transparent  dots  in  the  leaves, 
and  have  been  demonstrated  by  Blenk  m  a  large  number  of  species  of  nearly ' 
all  the  genera  of  the  Order.  In  the  leaf  they  are  found  chiefly  in  the  spongy  paren- 
chyma, more  rarely  in  the  palisade-tissue  also,  and  still  more  rarely  {Kadsura 
japonica,  Schizandra  axillaris,  S.  nigra)  in  the  lower  epidermis  as  well.  In 
lUicium  floridanum,  Ellis,  the  secretory  cells  belong  exclusively  to  the  lower 
epidermis.  In  the  axis  they  occur  in  the  pith  as  weU  as  in  the  cortex. 

The  three  species  of  lUicium  investigated  by  Blenk  (/.  floridanum,  Ellis, 
/.  Griffithii,  Hook.  f.  et  Th.,  and  /.  rdigiosum,  Sieb.  et  Zucc),  in  addition  to  the 
resin-cells,  possess  mucilaginous  cells  in  the  paUsade-tissue.    Moreover,  cells 


>  With  the  exception  of  Zygogynum  :  but  for  this  genut  also  the  occnirence  of  secretory  ceUs  is 
ikirly  ceitaio,  because  transparent  doU  in  the  leayet  are  described  by  Baillon  (Adansonia,  z,  p.  334) 
for  z.  pomi/trum,  Baill. 
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with  mucilaginous  membranes  occur  also  in  the  Schizandreae.  Blenk  mentions 
mucilaginous  epidermal  ceUs  of  the  leaf  in  Sckizandra  axillaris^  Hook.  f.  et  Th.» 
and  5.  eUmgaiOj  Hook.  f.  et  Th.,  and  mucilaginous  cells  in  the  vascular  bundles 
of  the  leaf-veins  of  5.  axillaris^  5.  chinensis^  C.  Koch,  5.  elongaia,  and  5.  nigra, 
Maxim.  Vesque  also  saw  the  latter  cells,  and  called  them  '  lacunes  k  gomme/ 
and  he  met  with  analogous  mucilage-receptacles  ('  Schleimgange  '  of  Prantl)  in 
the  bast  of  the  axis  of  Sphaerostemma  propinquum  and  Kadsura  japonica  (see 
also  Parmentier). 

Oxalate  of  lime  appears  according  to  Vesque  to  be  absent  in  the 
leaf-tissue  of  the  Wintereae.  Clustered  crystals  as  weU  as  solitary  crystals 
have  been  stated  by  MoUer  to  occur  in  the  cortex  of  a  plant  described  as  lUicium 
anisaium.  In  the  Magnoheae  *  only  small  clustered  crystals  or  small  prismatic 
or  octahedral  crystals  have  been  observed  by  Vesque  in  the  leaf  and  by  Mdller 
in  the  cortex.  Larger  solitary  crystals  of  pris- 
matic or  octahedral  form  are  found  m  the  Schizan- 
dreae  only. 

Following  on  the  discussion  of  the  features  of 
the  crystals  the  occurrence  of  crystal-scleren- 
chyma  in  the  Schizandreae  (Fig.  4,  A-B)  may  be 
mentioned.  This  tissue  consists  of  rod-shap)ed 
sclerenchyma-ceUs,  which  are  pointed  at  the  ends 
and  have  very  thick  walls,  in  which  solitary 
crystals  of  oxalate  of  lime  appear  to  be  em- 
bedded. Closer  examination  of  these  spicular 
cells,  several  of  which  sometimes  lie  together, 
proves  that  the  crystals  are  not  situated  in  the 
wall,  but  in  the  remnant  of  the  cell-lumen,  which 
by  strong  unequal  thickening  of  the  wall  is  shifted 
towards  the  periphery  of  the  cell.  In  those  por- 
tions of  the  spicular  cells,  by  which  the  latter  are 
in  mutual  contact,  excretion  of  crystals  does  not 
take  place.  The  spicular  cells  in  question  were 
first  discovered  by  Vesque  in  the  pith  of  Kadsura 
japonica ;  they  also  occur,  according  to  my  own 
casual  observations,  in  the  pith  and  cortex  of  K. 
Roxhurgkiana,  Am.,  in  the  cortex  of  Sckizandra 
nigrOy  Maxim,  and  in  the  lar^r  veins  of  the  leaf  in 
Kadsura  japonica,  Juss.,  and  Sckizandra  axillaris. 
Hook.  f.  et  Th.  Spicular  cells  of  another  kind, 
namely  branched  sclerenchyma-cells,  may  be  de- 
scribe as  characteristic  of  the  members  of  the  tribe  Magnolieae.  They 
occur  in    the   latter  quite   generally  in   the  primary  cortex,  often   in  the 

fith  and  sometimes  (e.R.  in  Manglietia  insignis,  Bl.,  Mickelia  Punduana,  Hook, 
et  Th.,  &c.)  also  in  the  ground-parenchyma  of  the  larger  veins. 

The  hairy  covering  consists  only  of  simple  uniseriate  hairs.  Unicellular 
trichomes  as  weU  as  glandular  hairs  are  absent.  The  cells  of  the  uniseriate 
hairs  are  either  of  equal  length  (Liriodtndron),  or  two  or  three  short  basal  cells 
arc  followed  by  one  or  several  longer  hair-ceUs.  The  walls  of  the  hair  are  either 
oniformly  thickened,  or  more  rarely  (Mickelia)  thickened  on  one  side,  similarly 
to  th<»e  of  Clematis. 

3.  Structure  of  the  Axis.   The  pith  of  the  Magnoliaceae  is  heterogeneous 


Pig.  4.  Cryiul^ieuiiigiibnMsoeik 
frotn  the  phh  of  Kmdturm  Roxbmtyrk'^ 
immrn^  Am. :  A,  in  traaBrrrae  aectioo ; 
B,  in  loofitndina]  aectioo.  The  ciyauh 
are  riiaded.— Ongiaal. 


'  Tlie  itatcmait  in  the  Ittermtiire  (Kohl,  loc.  cit,  p.  35)  that  cryttal-nnd  ocean  in  Liriodindron 
it  iaoorrect;  with  regard  to  this  ice  also  Arcangdi,  Nhoto  Giorn.  bot.,  voL  xxiil,  1891, 
p.  J^etseq. 
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according  to  Gris.  Usually  it  consists,  towards  the  centre,  of  empty  cells  with 
rather  large  cavities,  and,  at  the  periphery,  of  thick-walled  active  cells.  A 
more  or  less  distinct  septation  of  the  pith  by  diaphragm-like  groups  of  sclerosed 
cells,  some  of  which  are  still  active,  is  characteristic  of  the  Magnolieae 

The  xylem  (for  more  detail  on  this  see  Groppler,  loc.  cit.)  is  primarily 
characterized  by  wood-prosenchyma  with  bordered  pits.  The  medullary  rays 
are  either  fairly  broad  (attaining  a  breadth  of  5  cells  in  Talauma^  7  in  Manglietu^ 
and  10  in  Drifnys)^  or  narrow  (2-4  cells  broad  in  the  remaining  genera),  and 
are  always  distinguished  by  their  considerable  height  in  the  vertiaJ  direction. 
The  cavities  of  the  vessels  are  of  various  sizes.  The  perforations  of  the 
vessels  in  some  of  the  species  are  exclusively  scalariform,  and  in  that  case  they 
usually  have  very  numerous  bars  (now  and  then  more  than  100) ;  in  other  species 
scalariform  perforations  with  few  bars  are  present,  side  by  side  with  which 
simple  perforations  may  sometimes  (species  of  Magnolia,  Kadsura,  Sckizandra) 
occur.  Where  the  walls  of  the  vessels  are  in  contact  with  one  another, 
scalariform  bordered  pits  are  frequently  found  in  the  Magnolieae ;  where  in 
contact  with  medullary -ray -parenchyma,  the  wall  of  the  vessel  bears 
large,  simple,  elliptical,  but  also  small,  simple  pits,  the  latter  graduating  in 
places  into  bordered  pits.  Spiral  thickening  of  the  walls  of  the  vessels  has 
been  observed  in  Magnolia  grandiflora,  Midtelia  Caikcartii,  Hook.  f.  et  Th., 
M.  Punduana,  Hook.  f.  et  Th.,  and  Talauma  Rumphii,  Bl.  In  most  members 
of  the  Order  wood-parenchyma  is  rather  abundantly  developed  in  the  autumn- 
wood,  in  Dritnys  it  is  very  scanty ;  in  Michelia  longifolia  it  forms  rather 
broad  transverse  bands. 

As  compared  with  the  other  Magnoliaceae  S  the  genus  Dritnys  (including 
Tasmannia)  forms  an  extremely  noteworthy  exception  as  r^ards  the  structure 
of  the  wood,  vessels  being  completely  absent  in  this  genus,  as  (joeppert  was 
the  first  to  observe.  The  structure  of  the  xylem  of  Drimys  consequently  recalls 
the  wood  of  the  Coniferae  and  especially  that  of  the  Araucarieae.  Apart  from 
the  spiral  and  scalariform  tracheae  of  the  primary  wood,  in  which  also  true 
perforations  are  absent,  the  whole  of  the  xylem  consists  of  wood-prosenchyma, 
the  elements  of  which  have  bordered  pits  and  are  square  in  cross-section,  and 
of  narrow  or  rather  broad  medullary  rays  with  their  cells  elongated  in  the 
vertical  direction.  The  bordered  pits  of  the  prosenchyma  of  Drimys  have 
large  circular  borders  and  crossed  sht-shaped  openings  to  the  pit-cavities. 

The  following  table  is  the  best  method  of  shortly  summarizing  the  varying 
features  in  the  special  stniotore  of  the  wood,  together  with  some  characteristic 
features  in  the  pith,  in  the  tribes  and  genera  of  the  Magnoliaceae  : 

I.  Perforations  of  the  vessels  scalariform,  with  very  numerous  bars,  or  no  per- 
forations in  consequence  of  absence  of  vessels  :  Wintereae. 

( 1 )  Vessels  absent :  Drimys. 

(2)  Vessels  present :   lUicium, 

II.  Scalariform  perforations,  with  not  very  numerous  bars  (usually  1-15,  rarely 
up  to  25),  and  sometimes  also  simple  perforations  :  Magnolieae  and  Schizandreae. 

( I )  Vessels  with  relatively  small  lumen  (maximum-mameter  ■■  045  mm.) ;  wood- 
prosenchvma,  except  in  TaJauma,  fairly  wide-lumened  and  not  thick-walled ; 
groups  of  stone-cells,  more  or  less  like  diaphragms,  in  the  pith  ;  no  crystal-containing 
spicmar  cells :  Magnolieae. 

{a)  Very  abundant  production  of  vessels  ;  practically  the  whole  of  the  spring- 
wood  consists  of  vessels  :   Magnolia^  Manglietia,  Liriodendron, 
(h)  Vessels  less  abundant :   Talauma^  Michelia, 


^  The  fUtement  in  Roth^i  abstract  of  Pannentier'f  work  (Bot.  Centralbl.  1895,  p.  497),  and  the 
tabaeqnent  tUtement  of  Harms  (in  Sitz.-Ber.  deutsch.  bot.  GeseUsch.  1897,  p.  358),  t^  aooording 
to  Parmentier  Zygogynum  shares  with  Drimys  the  lack  of  vessels,  is  incorrect.  Parmentier  has 
expressly  pointed  out  (loc  cit.,  p.  623,  note)  that  he  had  no  Zygogynum  for  inrertigation. 
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(2)  Veaseb  with  fairly  large  lumen  (maximum-diameter -* 09— 1 1  mm.) ;  wood- 
proseochyma  rather  thick-wauled,  but  not  narrow-lumened ;  crystal-containing 
spicular  ceDs  present,  viz.  in  both  pith  and  cortex  or  in  cortex  only :  Schizandreae. 

Oar  knowledge  of  the  cortical  structore  of  the  Magnoliaceae  is  practically 
limited  to  the  statements  of  Moller,  who  investigated  species  of  the  genera 
Magnolia^  Liriodendran,  and  lUicium,  The  formation  of  cork  is  supei^cial.  In 
Liriodendfon  and  Magnolia  the  cork  arises  in  the  outermost  cell-layer  of  the 
primary  cortex ;  further,  according  to  Douliot,  it  is  the  epidermis  itself  that 
oecomes  the  pheUo^^en  in  Drimys  glauca^  whereas  it  is  the  second  or  third  cell- 
layer  below  the  epidermis  in  Kadsura  japanica.  In  Magnolia  the  primary 
cortex  contains  groups  of  stone-ceUs  and  branched  sclerenchymatous  cells, 
while  in  Liriodendfon  sderenchyma  is  absent.  Isolated  groups  of  bast-fibres 
are  found  in  the  pericycle  in  Magnolia  and  Liriodendfon,  In  both  these  genera 
the  secondary  bast  is  more  or  less  distinctly  stratified  owing  to  tangential 
groups  of  bast-fibres.  The  medullary  rays  of  the  bast  are  3-5-seriate  and 
broadened  towards  the  primary  cortex.  Lastly,  according  to  Strasbur^er,  it  is 
also  worthy  of  note  that  the  genus  Drimys,  which  a^^rees  with  the  Coniferae  in 
the  structure  of  its  wood,  resembles  a  Dicotyledon  m  the  occurrence  of  com- 
panion-cells to  the  sieve-tubes. 

The  occurrence  of  spicular  cells,  of  crystalline  excretions,  and  of  secretory 
cells  in  the  tissues  of  the  axis  has  already  been  discussed  in  describing  the 
leaf-structure. 

Liteimtitre:  Goeppeit,  Tinnaci,  Bd.  zri,  18^3,  p.  135. — Eichler,  in  Flor.  bnsiL^ToL  ziii,  i,  1864, 
p.  I40  And  Tftb.  xxxiL— Bftilloii,  Compt  rend.,  t  UtI,  1865,  P*  ^,  Adansonia,  t.  Tiii,  1867-8, 
p.  155  snd  Hist,  dct  pU  t.  i,  1867-0,  p.  173. — Grit,  Moelle,  Noot.  Arch,  dn  Mot.  d*hiit  nat,  t.  Ti, 
1870,  pp.  360-4,  i^!pl^  xvi- — MolWr,  HoUanatomk,  Denkschr.  Wien.  Akad.  1876,  pp.  7^-3  and 
j66  et  leq.— Vctqoe,  Ecorce,  Ann.  ic.  nat,  t^.  6,  t.  ii,  1876,  separate  copy,  pp.  33  and  95  and  pi.  iz. 
— De  Bafjr,  VeigL  Anat.,  1877.— Zacharias,  Bot  Zeit  1870,  p.  6a6.— Vesqne,  Noot.  Arch,  du  Mns. 
d*Utt.  nat.,!^.  3,  t  It,  i88i,  pp.  34-41  and  pi.  iL— Moller,  Rindenanatomie,  i883,  pp.  326-31. 
— Blenk,  Flora,  1884,  p.  53  ct  leq.,  leparate  copy,  pp.  6-9. — ElUi,  lUicium  JhruUmum^  Americ  Joam. 
of  Pharm.  1885,  11  pp. — Solereder,  HoUstrnktnr,  1885,  p.  50.— Blotti^,  fx,  anat.  de  la  fam.  dct 
If^oitpennacte,  Fault,  1886,  p.  63.— Plitt,  Blattttiel,  Disa.,  Marbnrs,  1886,  pp.  i^  15 — Petit,  Le 
n^tiole,  M^m.  Soc  det  tc  et  phyt.  de  Bordeaux,  i^r.  3f  t.  iii,  1887,  pp.  263-5  ^'^^  pl-  iii.— Prantl,  in 
Naturl.  Pflanxenfam.,  iiL  Teil,  Abt.  a,  1888,  p.  13.— Douliot,  P6iderme,  Ann.  sc  nat,  i^r.  7,  t  z, 
1889,  p.  333.— Kohl,  Kalktalxe  n.  Kieseltanre,  1889,  pp.  333  and  349.— Lalanne,  Feuilles  persist..  Act 
Soc.  LuuL,  Boideaiix,  s^.  5,  t  It,  1890,  d.  77  and  pi.  t.  — Stratbarger,  Ban  u.  Verricht.,  1891,  pp. 
161-6.— H.  Schctick,  Anat  d.  lianen,  1893,  p.  59. — Groppler,  Vergl.  Anat  d.  Holz.  der  MagnoL, 
BibL  bot,  Hcit  31,  1894,  49  pp.  and  4  Tab. — Pannentier,  Conthbut  it  1'^  des  Magnol.,  Assoc 
firanc^  33*  Ste.,  Caen,  1894,  3*  part,  pp.  619-24;  see  also  Ball,  sdent  de  la  France  et  de  la 
Belpqoe  1806,  pp.  159-337,  abstnict  in  Bot  Centralbl.  1897,  it,  p.  61  et  seq.  and  Ann.  sc.  nat,  t^. 
8,  t  ii«  189^  p.  35.^Hartwich,  Canelo,  Zeitichr.  allg.  ost  ApoCh.-Ver.  1897,  n.  17-30. 

TROCHODENDRACEAE  ^ 

I.  Review  of  the  Anatomical  Features  «.  The  anatomical  features 
common  to  the  five  genera  are  the  following  :  Wood-prosenchyma  with  bordered 

{>its  ;  stomata,  surrounded  by  several  neighbouring  cells,  which  are  not  of  special 
orm  ;  absence  of  glandular  hairs.    In  other  respects  numerous  differences  are 

^  Under  thb  name,  as  here  also,  the  following  five  genera  hare  come  to  be  grouped  in  the  course 
of  time :  Tr9ck0dimdr9m,  EupuUOy  CtrcidipkyUum,  Eucommia  and  Tetracentron.  Of  these,  how- 
ever. Tttnuimirtn  approaches  very  nearly  to  the  Magnoliaceae,  as  Harms  has  rightly  pointed  oat, 
and,  farther,  CtrcidifkyUmm  will  withoat  doobC  tnbseqoently  have  to  be  separated  from  the  Trocho- 
dcodrmceae  and  probably  transferred  to  the  Hamamelideae.  (The  so-called  female  flower  of  Cercidi' 
pkylimm  b  an  mflorcscenoe ;  the  ventral  sntares  of  the  carpelt  are  directed  outwards !) 

*  .Most  impofftant  Uteratnre :  Harms,  TeiractMirvn  n.  d.  Fam.  d.  Trochodendr.,  in  Ber.  deotsch. 
bot  Getelltcb.  1897,  pp.  350-60,  and  in  NatiirL  Pflanxenfam.,  Nachtr.  and  Reg.,  Teil  ii-iv,  1897, 
p.  if8 ;  tee  alto  Parmenticr  in  Atsoc  fran9.,  Caen,  1894,  a*  partie,  p.  634,  and  Ann.  Sc.  Nat., 
tdr.  8,  t  ii,  1896,  p.  35. 
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found.  Xylem-vessels  are  absent  in  Trochodendron  and  Tetraceniron ;  in 
Euptelea  and  CercidiphyUum  the  vessels  have  scalariform  perforations  with 
exceptionally  numerous  bars  ;  in  Eucommia  there  are  few  bars  and  simple  per- 
forations also  occur.  In  the  pericycle  one  finds  either  a  composite  and  continuoas 
sclerenchjonatous  ring  (EupUlea^  Trochodendron^  and  Tetraceniron)  or  a  loose 
ring  of  bast-fibres  (Eucommia)  or  only  isolated  bundles  of  hard  bast  (Cercidi- 
phyUum). The  formation  of  cork  is  superficial,  as  far  as  is  known.  Oxalate  of 
lime  is  present  in  the  form  of  solitary  or  clustered  crystals,  or  is  absent 
Internal  secretory  organs  have  been  observed  only  in  Tetracentron  (resin-cells) 
and  Eucommia  (characteristic  caoutchouc-cells).  Simple,  unicellular  trichomes 
have  been  met  with  only  in  Eucommia.  Lastly,  the  occurrence  of  branched 
sclerenchjonatous  cells  in  the  leaf  and  axis  of  Trochodendron  and  of  siliceous 
bodies  in  Eucommia  must  also  be  mentioned. 

2.  Structure  of  the  Leaf.  The  leaves  of  all  the  five  genera  are  bifacial 
in  structure.  In  Trochodendron  and  Tetracentron  the  spongy  tissue  is  distin- 
guished by  the  presence  of  large  intercellular  spaces ;  in  Trochodendron  the 
slender  arms  of  the  branched  sclerenchyma-cells ',  which  are  differentiated  as 
internal  hairs,  project  into  these  spaces.  It  may  be  added  here,  that  large 
intercellular  spaces  and  the  branched  sclerenchymatous  cells  just  described 
are  also  present  in  the  axis  of  Trochodendron^  namely  in  the  inner  part  of  the 
primary  cortex.  Stomata  are  found  only  on  the  lower  side  of  the  leaf,  and  arc 
surrounded  by  several  ordinary  epidermal  cells.  The  pair  of  guard-cells  is 
characterized  by  its  circular  outline  in  Trochodendron^  and  by  its  large  aze  in 
Eucommia.  In  CercidiphyUum  japonicum,  Sieb.  et  Zucc.,  and  in  Tetracentron 
the  epidermal  cells  of  the  lower  side  are  sub-papiUose. 

Oxalate  of  lime  has  been  observed  in  the  form  of  clustered  crystals  in  the 
mesophyll  of  CercidiphyUum  and  in  the  cortex  of  Euptelea^  in  the  form  of 
ordinary  solitary  crystals  in  the  cortex  of  CercidiphyUum^  Tetracentron^  and 
Trochodendron.  In  Eucommia  oxalate  of  lime  is  absent  in  leaf  and  axis.  In  place 
of  it  we  find  in  this  genus :  (a)  in  the  leaf,  groups  of  silicified  cells,  in  the 
formation  of  which  a  complex  of  epidermal  cells  and  palisade-cells  lying  below 
them  is  concerned,  in  a  manner  similar  to  what  is  founa  in  many  Aristolochieae; 
(b)  in  the  axis  (in  the  neighbourhood  of  the  pericycle)  stone-cells,  which 
are  moderately  elongated  in  the  vertical  direction,  and  in  some  cases  have 
siliceous  contents ;  and,  besides  these,  thin-walled  parenchymatous  cells  (a  kind 
of  ste^ata),  each  with  one  superficiaUy  areolate  silica-body,  these  cells  being 
often  m  pairs. 

The  secretory  cells  of  Tetracentron  are  fiUed  with  a  resinous  secretion  and 
occur  in  the  spongy  tissue  of  the  leaf  as  large  branched  cells,  in  the  bast  and 
primary  cortex  of  the  axis  as  cells  which  have  fairly  wide  lumina  and  are 
elongated  in  the  direction  of  the  axis.  The  caoutchouc-cells  of  Eucommia 
ulmoides,  Oliv.,  require  a  more  detailed  description.  Their  occurrence  had 
already  been  notea  by  Oliver,  and  they  were  more  closely  investigated  by 
F.  E.  Weiss  •.  They  occur  abundantly  in  the  branches  and  in  the  leaf,  and 
may  be  recognized,  on  merely  breaking  these  organs,  as  colourless,  extensible, 
elastic  threads,  in  just  the  same  way  as  in  certain  species  of  Hippocratea,  in  the 
species  of  the  Celastrinean  genus  Wimmeria  or  of  the  Apoc3maceous  genus 
Parameria. 

In  the  branch  the  caoutchouc-cells  occur  in  the  pith,  in  the  bast,  and  in  the 

Primary  cortex ;    in  the  leaf  they  accompany  the  vascular  bundles  of  the  veins, 
hey  are  long  cells,  which  in  appearance  possess  great  similarity  to  the  well-known 


*  Compare  Blenk,  Flora,  1884,  P.  5  a  et  seq.,  Reprint,  P*  7  et  seq. 

*  The  caontchoQc-containing  cells,  5cc,  Transact,  of  the  Linn.  Soc^  ser.  a,  toI.  iii,  Bot,  1891, 
PP-  H3-54.  Pl.  57.  58- 
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BOQ-artkiilated  Utidfatms  tubes.  They  are,  however,  essentially  difterent  from  the 
Utter,  as  thetr  development  shows,  ^^liile,  as  is  well  known,  tne  whote  system  of 
non-articalated  latidferoos  tubes  of  a  plant  is  in  general  derived  from  two  or  three 
initial  cells  in  the  embryo,  the  caoutchouc-cells  in  question,  according  to  Weiss,  do 
not  originate  in  the  embryo,  but  arise  subsequently  in  all  the  secondarily  pro- 
duced tissues — ^both  in  the  secondary  bast  and  m  the  newly  produced  branches  and 
leaves.  At  first  short,  they  afterwards  grow  to  a  considerable  length.  Unlike  the 
non-articiilated  latidferous  tubes,  they  dfo  not  branch,  or  only  here  and  there  form 
short  protuberances,  which  become  somewhat  swollen.  The  ends  of  the  caoutchouc- 
sacs  sometimes  also  show  similar  sweUings.  As  to  the  contents,  in  the  earUer 
stages  of  development  numerous  large  caoutchouc-bodies  are  found  in  the  proto- 
plasm, and  subsequently  fuse  into  a  homogeneous  mass  of  caoutchouc  Another 
essential  feature  is  that  the  caoutchouc-cells  contain  only  one  nuclease  never 
several  nuclei,  like  some  of  the  non-articulated  latidferous  tubes. 

Lastly,  mention  must  also  be  made  of  the  capitate,  multicellular,  glandular 
emerfences,  which  are  seated  on  the  crenations  of  the  margin  of  the  leaf  in 
drcidipkyUum^  and  contain  a  gununy  secretion. 

3.  Structure  of  the  Axis.  With  regard  to  the  structure  of  the  wood  * 
it  has  already  been  pointed  out  above,  that  the  prosenchymatous  froimdwork 
has  bordered  pits  in  all  the  members  of  the  Order.  Tlie  medullary  rays  in 
Euptelea^  Trociodendrtm^  and  T$tracetUrtm  may  be  four  cells  thick,  elsewhere 
they  are  i-2-8eriate.  Vessels  are  present  only  m  CercidiphyUum,  EupteUa^  and 
Eucommia ;  they  are  absent  in  Trochodendron  and  TtiracefUran,  The  vessels  of 
CercidipkyUum  and  EupUUa  do  not  have  a  wide  lumen  (diameters  .021  mm.  and 
•036  mm.  respectivelv) ;  thev  have  scalariform  perforations  with  very  numerous 
bars,  and  are  provided  vrith  simple  pits  where  they  are  in  contact  vrith  the 
parenchyma  of  medullary  rays.  The  vessels  of  Eucommia  are  strengthened  by 
a  fibrous  spiral  band,  and  possess  scalariform  perforations  only  in  the  neigh- 
bourhood of  the  primary  wood ;  elsewhere  they  nave  simple  perforations;  they 
bear  bordered  pits  where  'they  are  in  contact  with  ray^parenchyma.  The 
wood-parenchyma  is  scantily  developed  in  the  Order. 

Tfockodsndwtm  *  has  a  similar  xylem-structure  to  that  of  the  Magnoliaceous 
BUS  Drimvs.  Apart  from  the  pnmary  spiral  tracheae  the  wood  consists  of 
Kbres  with  Dordered  pits,  and  of  medullary  rays  1-4  cells  broad.  In  transverse 
section  the  distinction  between  spring-  and  autumn-wood  shows  up  clearly.  In 
transverse  section  the  prosenchymatous  cells  are  quadrans^ular  and  are  arranged 
both  in  radial  and  in  concentric  series.  In  the  spring-wood  they  have  large  cavities; 
In  the  autumn-wood  they  have  thicker  walls  and  are  compressed  in  the  radial 
direction.  The  prosenchyma-cells  of  the  spring-wood  bear  scalariform  bordered 
pits  on  their  radial  walls,  those  of  the  autumn-wood  bear  bordered  pits  with 
circular  borders  in  varying  numbers. 

The  appearance  of  the  xylem-mass  of  Tetractniron  in  transverse  section  is 
the  same  as  in  Trockodsmdran,  except  for  the  difference  that  the  cells  of  the 
wood-prosenchyma  are  throughout  of  larger  contour.  The  prosenchyma-cells 
of  the  spnng-wood  have  scalariform  bordered  pits,  where  their  radial  walls 
are  in  contact,  and  especially  at  their  overlapping  ends.  At  the  places 
last  mentioned  the  internal  openings  of  the  scalantorm  bordered  pits  are  some- 
times slightly  wider,  and  such  a  series  of  bordered  pits  then  recalls  a  scalari- 
form perforation  with  very  numerous  bars  and  very  narrow  perforation-areas ; 
actual  perforation,  however,  appears  not  to  occur,  although  a  transitional 
stace  to  the  corresponding  structures  of  EupuUa  is  suggested.  Where  the  pros- 
encnyma  of  the  sprinc-wood  touches  the  medullary  rays,  one  finds  small  eUiptical 
(not  scalariform)  boraered  pits.  The  prosenchyma  of  the  autumn-wood  bears 
bordered  pits  with  more  circular  borders  and  in  varying  number.    Besides  the 

*  Solcftdcr,  HoUitfmktiir,  1865,  p.  53,  tad  Gropplcr,  VcrgL  Anat.  d.  Holi.  d.  MagnoUae., 
Bflrftotbta  boL  1S94. 

*  Ekbltr,  riora,  1S64,  p.  449,  and  1865,  p.  is ;  Panncotier^i  tutemcnt  (loc  est.)  that  iFcaaelt 
oecar  \m  TVwfMtmdfwm  Is  iBCorrccC 
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medullary  raya  and  the  prosenchyma,  wood-parenchyima  also  contributes  in  a  sub- 
ordinate degree  to  the  composition  of  the  wood.  The  cells  of  the  parenchyma 
are  strongly  elongated  in  the  direction  of  the  axis. 

The  following  points  remain  to  be  mentioned  with  regard  to  the  stmctnre 
of  the  cortex.  The  place  of  origin  of  the  cork  is  sub-epidermal  in  CercUi' 
phyUum^  epidermal  in  Eucammia.  The  cork-cells  have  rather  thick  walls  in 
Cercidiphytlum  and  Trochodendron^  thin  walls  in  EupUlea  and  Tetraceninm^ 
while  in  Eucommia  some  of  them  are  thickened  on  one  side.  The  varied  nature 
of  the  pericycle  has  already  been  described  above  in  the  general  diagnosis. 
Stratification  of  the  secondary  bast  or  occurrence  of  secondary  hard  bast,  as 
the  case  may  be,  has  been  observed  in  Cercidiphyllum  only. 


LACTORIDACEAE. 

This  small  Order,  most  nearly  related  to  the  Magnoliaceae,  consists 
of  the  monotypic  genus  Ladoris.  This  genus  was  erroneously  placed 
with  the  Piperaceae  by  Bentham  and  Hooker ;  Engler*  separated  it  from 
that  Order  on  grounds  of  external  and  anatomical  characters  and  raised  it 
to  an  independent  Order,  the  Lactoridaceae.  Engler  makes  the  foUowing 
statements  with  regard  to  the  anatomy  of  the  Order. 

Here,  as  in  the  Magnoliaceae,  secretory  cells  are  found  in  the  spongy 
tissue  of  the  leaf  and  in  the  ground-tissue  of  the  stem.  The  secretory  <^s  of 
the  leaf  give  rise  to  transparent  dots.  The  cells  of  the  lower  epidermis  of  the 
leaf  possess  short,  rounded  papiUae.  The  branches  show  a  xylem-cylinder, 
which  is  thick  in  proportion  to  the  transverse  section,  and  is  traversed  by 
medullary  rays  2-3  cells  broad.  The  wood  contains  vessels  with  bordered  pits 
and  simple  perforations  and  wood-prosenchyma  bearing  bordered  pits.  There 
are  semilunar  groups  of  primary  hard  bast  in  the  pericycle,  corresponding  with 
the  separate  vascular  bundles.  In  the  pith  niunerous  tannin-sacs  occur, 
which  frequently  form  straight  continuous  rows. 


ANONACEAE. 

I.  Review  OF  THE  Anatomical  Features.  For  the  recognition  of  a  member 
of  this  Order  the  following  characters  are  of  the  greatest  value  :  the  constant 
occurrence  of  secretory  cells  in  the  leaf-parenchyma;  the  almost  universal 
occurrence  of  solitary  or  clustered  cr5^tals  in  the  epidermis  of  the  leaf  (Fig.  6) ; 
the  stomatal  apparatus  with  its  subsidiary  cells  arranged  parallel  to  the  pore ; 
the  simple  perforations  of  the  vessels ;  the  stratification  of  the  wood  due  to 
tangential  bands  of  wood-parenchyma  ;  the  frequent  occurrence  of  diaphragms 
composed  of  stone-cells  in  the  pith  (see  Fig.  5)  (exception,  Eupomaha) ;  the 
stratification  of  the  bast  into  hard  and  soft  bast  (exception,  Eupomatia) ;  the 
absence  of  external  glands.  In  completion  of  the  diagnosis  the  following  may 
be  added.  The  hairy  covering  consists  of  simple,  uniseriate,  few-celled 
trichomes,  of  stellate  hairs  (Duguetia^  Uvaria)  and  of  small  pdtate  scales 
{Anona,  Duguctia,  Fig.  6,  B).  The  slit-like  pits  of  the  wood-pros jnchjrma 
are  provided  with  small,  often  indistinct,  borders  (exception  :  Eupomatia 
with  typical  bordered  pits) ;  the  walls  of  the  vessels  bear  bordered  pits  where 
they  are  in  contact  witn  the  parenchyma  of  the  medullary  rays.   The  following 

*  Ucber  die  Fam.  d.  L.,  Engler,  Bot.  Jahrb.,  Bd.  vili,  1^87,  pp.  53-6;  tee  also  NatiirL 
Pflanzenfam.,  iU.  Teil,  AbC.  a,  1888,  p.  19,  and  Soleieder,  in  Engler,  Bot  Jahrb.,  Bd.  x,  1889, 
p.  5"- 
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features  are  found  in  ttie  leaf-tissue  of  certain  species :  mucilaginous  cells 
{Anona^  Habxelia^  RoUinia);  sclerenchvma-cells  traversing  the  leaf  perpen* 
diculariy  (Anatui^  Duguetia^  GuaUeria^  Habxelia^  Unona\  or  sclerenchyma-fibres 
with  an  irregular  course  {Anona^  Anaxagorea^  GuaUeria^  Popcwta^  Unima).  The 
doubtful  statement  as  to  anomaloiis  structure  of  the  axis  m  a  species  of  Melo- 
darum  (vii.  furrowed  xylem-mass  owing  to  the  presence  of  four  wedges  of  bast 
forming  a  cross)  still  requires  confirmation. 

3.  Structure  of  the  Leaf.  The  general  preliminary  investigation  of  the 
leaf -structure  by  Vesaue  only  extended  to  a  lew  g[enera  {Anona^  Artabottys, 
Asimina^  Eupamaiia^  Unona^  and  Xylopia).  From  it  the  following  facts  may 
be  gathered.  The  leaf-structure  is  bifacial,  but  shows  differences,  which  may  be 
employed  for  specific  diagnosis;  in  Eupomaiia  BenncUii  the  mesophyll  exhibits 
no  dimrentiation  into  paUsade  and  spongy 
tissue.  In  the  same  way  the  epidermal  cells 
with  their  straight  or  wavy  lateral  walls  afford 
charactefs  for  distinguishing  the  species;  in 
certain  ^>ecies  of  Ariaba^s^  Xylopia^  and 
Anona^  the  lateral  walls  of  the  epidermal  cells 
appear  undulated  at  a  high  focus,  straifi^ht  at  a 
low  focus.  The  epidermis  of  the  upper  side  of  the 
leaf  in  A  nana  squamosa  is  formed  by  high  cells 
elongated  like  palisade-tissue  (Johow).  The 
stomata  in  the  species  investigated  are  found 
only  on  the  lower  side ;  they  are  accompanied, 
according  to  Vesque  and  Borodin,  by  subsidiary 
cells,  which  are  parallel  to  the  pore ;  the  same 
applies  to  the  ^era  Ephedranihus  and  Stormia^ 
recently  descnbed  by  Spencer  Moore. 

The  small  veins  are  mostly  embedded  in 
the  mesophvil;  in  EphedratUkus^  however,  ac- 
cording to  bpencer  Moore,  they  are  vertically 
transcurrent ;  their  system  of  vascular  btmdles 
is  accompanied  by  bast-fibres.  The  bundle- 
S3^tem  of  the  secondary  veins  in  large  leaves  is 
surrounded  by  a  sheath  of  bast-fibres.  In  the 
midrib  an  arc  of  vascular  bundles  is  found  in 
this  Order.  The  upper  opening  of  this  arc  is 
closed  by  a  band  of  bast-fibres ;  here  also  the 
vasctilar  bundles  are  accompanied  on  their  lower  mcm^nUm  in'*  brMcb  or 
side  by  abundant  hard  bast.  The  structure  of  o^-O'V"^ 
the  midrib  in  Cananga  odoraia^  which  Guillard  has  described,  is  noteworthy;  in 
a  transverse  section  through  the  midrib  of  this  plant  two  arc-shaped  senes  of 
vascular  bundles  are  found. 

In  all  the  members  of  the  Order'  examined,  according  to  the  comprehen- 
sive  investigations  of  BIcnk,  secretory  cells  vrith  resinous  contents  occur  in 
the  leaf-tissue  just  as  in  the  Magnoliaceae.  They  are  of  spherical  or  lenticular 
form,  and  are  mostly  present  in  the  spongy  tissue,  more  rarely  in  the  palisade- 
tissue,  and  in  a  series  of  species  (especially  species  of  Guatitria)  also  at  the  limit 
of  palisade  and  spongy  parenchyma.     They  frequently  give  rise  to  transparent 

'  Kamcly  the  Kcoerm :  Sagtraea^  C'foria,  duUtiria,  Dugmetia,  Artahtityt^  CamaMga,  Cnoma^ 
FiUfUkim  Anaxag^na^  Ftfamia^  Comictkakmm^  Mitrefkora^  JiaUinia,  Anoma^  Metcdamm, 
XjfhfU,  HmtaeiU,  Miiimtm^  SMcofeiaimm,  Ortpkem^  Alpk«nua  and  Bocagwa ;  baadci  these  proUbly 
wim  the  scocra  Epksdrtmikm  and  Stprmia  icontly  csublishcd  by  Spencer  Moore.  In  Uieae  Utter 
tke  leunuiy  €eUt  are  oolj  dcaeribed  as  'glaodt'  and  aie  figured  at  retembliog  aecietory  cavitki 
r  than  Moetory  odk. 

D  2* 
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dots  in  the  leaf.  The  secretory  cells  sometimes  occur  also  in  the  pith  and  in 
the  primary  cortex  of  the  axis.  In  Homschuchia^  which  is  of  doubtfal  sj^ste- 
matic  position,  the  presence  of  secretory  cells  suggests,  as  do  other  facts^  that 
this  genus  belongs  to  the  Anonaceae. 

In  certain  species  of  the  genera  Anona^  RoUinia,  and  Habxelia\  cells  with 
strongly  mucilaginous  membranes  are  found  in  the  palisade  and  spongy  tissue 
in  addition  to  the  secretory  cells ;  in  the  latter  tissue  they  are  of  spherical 
form.  These  cells,  like  the  secretory  cells,  sometimes  give  rise  to  traxusparent 
dots.  In  this  Order  a  third  kind  of  minute  transparent  dot  is  product  oy  the 
occurrence  of  special  spicular  cells,  i.e.  sclerenchyma-cells»  which  are  sli^tfy 
branched  or  unbranched,  pass  perpendicularly  through  the  palisade- tissue,  and 
frequently  even  traverse  the  entire  thickness  of  the  leai  in  this  directicxi ; 
certain  species  of  Guatteria,  Duguetia^  UnonOp  Anona^  and  Habxelim*  are 
characterized  by  spicular  ceUs  of  this  kind. 

Another  character  distinguishing  certain  species  is  afforded  by  elongated 
sclerenchyma-fibres  in  the  mesophyll,  which  mostly  run  parallel  to  the  soifaoe 
of  the  leaf,  and  are  often  densely  interwoven  with  one  another ;  they  are  known 


PiQ.  6.    At  epicSennal  cnrrtal-celU  of  Miirt^horm  obhtsm^  Rook.  f.  ft  Thoma.    %,  pdtatc  hftir,  with  a  piaee  of  CW 
cpidennM  from  the  lower  tide  of  the  IfS  ot  DrngmsH^  brucU»m^  Mart.— OrifteaL 

to  occur  in  many  species  of  GuaUeria,  some  species  of  Anana^  and  one  species 
each  of  Unona^  Aftaxagorea^  and  Popowia '. 

Concerning  the  features  presented  by  the  crystals  in  the  leaves  of  the 
Anonaceae  (Fi^.  6),  we  are  quite  recently  indebted  to  Borodin  for  a  careful 
study  of  the  subject.  Borodin  has  made  use  of  the  Anonaceae  and  also  of  the 
Violariaceae,  in  order  to  show  that  the  study  of  the  crystab  may  be  of  very 

^  Ancna  aaUi/hra,  Mart,  A.  a'Merta,  Dan.,  A,  cffmi/oHa,  St  Hit,  j4.  crassiftiU^  liCait,  A. 
micraHtka,   Bert,  A,  reticulata^  L.,  A.  tericea^  Don.,  A,  s^tuscemt.  Mart.,  A.  Sftuumm,  JLi 


J^oUinia  cuspidata.  Mart.,  R,  laurifolia^  Schlecht.,  R.  hngifolia^  St  HiL,  R.  mmlhJUrm^  Spltt^., 
R,  orth4>petaia^  A.  DC.,  R,  resincsa.  Spruce,  R.  SigUri,  A.  t>C. ;  ffabadia  oUunfoUa^  A.  DC 

*  Cnaiteria  hUpharephylla^  Mart.,  G,  vine/iewrum^  Mart.,  DugtuHa  Upiocarfm^  Benth.  Hi 
tchedula),  D,  unifiora^  Mart,  '  Umna  c^futrnma  or  Htlftri;  Hook.  Catalog.  (HeUer  a.  450); 
Anona  stssilijtora^  Beoth. ;  //abulia  obtusifolia^  A.  DC. 

*  Guatteria  canijhra^  Mart,  G,  ctaUinora^  Mart,  G,  intmdata^  Mart.,  (7.  HbrnUpHmim^  Maiti, 
G.  oligocarpa^  Mart.,  G,  Ouregom,  Don.,  G.  Pmpp^iatia^  Mart.,  G,Jtir9fns.  Beoth.,  G.  Sck^tmSmgA 
iofta.  Mart.,  G,  Sdll^wiana,  Schlecht^    G.  subsissiHs^  Mart.,  G,  vilMsHwm^  St  HiL;    Ummm 
Dasymasckala^  Bl. ;  Amna  coriaeea^  Mart.,  A,  dtmie^ma^  Mart,  A,  f§U%dm^  Mait*  A.  Wiwrtkgdh, 
Mart. ;  Anaxagtna  bnvipes^  Bentb. ;  Psfowia  rmmisissima,  Hook.  C  cc  Th. 
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valuable  assistance  in  anatomical  classification.  On  this  account  I  shall  deal 
with  these  features  in  somewhat  greater  detail  here.  Below  I  shortly  summarize 
the  result  of  his  investigations  with  regard  to  the  Order,  as  far  as  tins  is  possible 
from  the  abstract  by  Rothert  in  the  '  Botanisches  Centralblatt/ 

The  crystalline  elements  occur  in  three  places :  firstly,  in  the  meso- 
ph^;  secondly*  along  the  veins,  surrounding  the  vascular  bimdles  of  the 
latter  like  a  sheath;  and  thirdly,  in  the  epidermis.  iThe  first  mode  of 
occurrence  is  inconstant,  and  is  therefore  not  further  considered  by  the 
author ;  the  second  is  very  rare.  The  third  is  very  important  and  appears  in 
92  per  cent,  of  the  species  investigated,  so  that  the  presence  of  crystalline 
elements  (clustered  or  solitary  crystals)  in  the  epidermis  must  be  taken  as 
an  ordinal  character. 

In  relation  to  the  form  and  distribution  of  the  crystals  the  following  six  types 
may  be  distinguished : 

Type  I  (main  t3rpe).  The  epidermal  cells  contain  one  clustered  crystal  each, 
•ometmMS  also  isolated  tetragonal  octahedra.  Borodin  has  found  this  type  in  its  pure 
form  in  182  species  belonging  to  2$  genera  ($2  per  cent,  of  aU  species  iiivesti|[ated). 
Examples :  Artabairys  ;  Bocagea  ;  RoUinia  ;  most  of  the  species  of  Anona  (m  nine 
species  crystalline  elements  are  absent  in  the  epidermis) ;  most  of  the  sjpecies  of 
G<mioihalamu$  (in  one  species  crystalline  elements  are  absent  ffom  the  epidermis) ; 
DufugHa  and  Asimina  (except  one  species  of  each,  which  belongs  to  the  second 
type) ;  mdes  o(  Milodirum  (compare  this  genus  under  type  II  bdow).  Here  also 
bdongs  the  genus  Stormia^  acconnne  to  Spencer  Moore,  GuaiUria^  Xylopia  and 
Fopomim  vary  between  types  I  and  III. 

Type  II  (main  type).  The  epidermal  cells  contain  one  obUque  ( -*dinorhomlnc) 
solitary  crystal  each,  of  varying  form  and  sixe.  This  type  was  observed  in  its  pure 
form  m  56  species  belongmf  to  10  ji^era.  Examples :  MiJiusa  ;  Orofhea  pro 
parte  (the  remaining  species  with  transitions  to  other  types ;  in  four  species  of  Oropksa 
the  upper  epidermis  of  the  leaf  belongs  to  the  first  type,  the  lower  epidermis  to  the 
secondT type) ;  Melodorum  f  with  the  exception  of  three  species,  which  come  under  the 
first  type) ;  one  species  of  IhigueHa  ana  of  Asimina  (compare  these  genera  under 
type  I). 

Type  III  (derived  type).  Some  but  not  all  of  the  epidermal  ceUs  contain  one 
clustered  crystal  each,  or  isolated  tetragonal  octahedra ;  the  epidermal  cells  lying 
tictwecn  the  irregularly  arranged  crystal-bearing  ceDs  possess  brown  contents. 
This  type  ispresent  only  in  a  few  species  ;  as  also  is 

Type  Iv  (derived  type).  Some  but  not  aU  of  the  epidermal  cells  contain 
oblique  (»clinorhomlnc)  solitary  crystals,  and  between  them  there  Bit  irregularly 
distnbuted  epidermal  ceDs  with  brown  contents  as  in  type  III.    Example:  Sagerasai, 

Type  V  (derived  type).  Crystals  are  found  in  tne  epidermis  only  above  the 
veins  and  moreover  in  special  ceDs  of  smaller  sixe,  which  also  differ  from  the  remaining 
cells  in  the  thickening  ^  of  their  membranes.  Examples :  Mitrepkora^  Alphonsea  ; 
here  also  belonffs  EpiudratUhus^  according  to  Spencer  Moore. 

Type  VI  (derived  type).  The  vascular  bundles  are  surrounded  by  a  sheath  of 
crystan  ;  to  this  type  belong  only  St$Uchocarp%is  Burakoi^  in  which  species  obliaue 
(  •cUnorhombic)  crystals  are  present  in  the  epidermal  cells  as  well,  and  Cyathocalyx 
M^ylmmicus, 

It  is  evident  from  the  examples  cited,  and  may  once  more  be  pointed  out, 
that  transitions  sometimes  occur  between  the  types  instituted.  Further,  the 
distribution  of  the  crystalline  elements  within  the  extensive  eenera  Polyalthia^ 
Unonot  and  Uvana  (at  least  as  these  genera  are  at  present  limited)  presents  a  quite 
incongruous  appearance,  as  Borodin  aUows.  But  in  order  to  avoid  too  ^eat 
hesitation  in  the  employment  of  the  types  set  up  by  Borodin  for  charactenzing 
the  genera  of  this  Order,  it  must  on  the  other  hand  be  pointed  out,  firstly,  that 
the  delimitation  ol  the  genera  is  in  many  cases  not  yet  firmly  established, 
uad  secondly,  that  the  above-mentioned  transitions  occur  especially  between  the 
two  main  types  on  the  one  hand  and  the  subsidiary  types  derived  from  them  on  the 


>  I  hvm  fiMBd  tlMl  la  Miirtpk^rm  §Shua,  Bl.  the  inner  wdlt  of  tlie  eptdcnnml  ceUt,  i.e.  thorn 
diffctwi  tewnrds  tbt  Tda,  art  thickcocd,  and  tim  cryiUli  art  intcit«d  00  theic  thickcningt. 
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other';  a  combination  of  the  two  main  t3rpes  themselves  is  a  rare  phenomenon*  and 
these  main  types  Should  therefore  primarily  be  made  use  of  for  tb^  diagnosis  oi  the 
genera. 

The  hairy  covering  of  the  Anonaceae  consists  in  part  of  simple  hairs; 
these  are  formed  by  a  row  of  cells  of  fairly  uniform  length.  In  Unana  odoraia 
and  Xylopia  macrantha  the  trichomes,  according  to  Vesque,  are  3-4-celled;  in 
Asimina  trihba  and  Anona  muricata  they  are  only  2-cellea :  in  these  two  species 
the  lower  cell  of  the  hair  is  colourless^  while  the  upper  one  is  filled  with  brown 
contents.  Stellate  hairs  with  unicellular  rays  occur,  according  to  Blenk,  in 
species  of  Duguetia^  and  are  also  mentioned  by  Bentham  and  Hooker  in  the 
generic  diagnosis  of  Uvaria,  Peltate  hairs  (Fig.  6,  B)  are  found,  according  to 
O.  Bachmann,  in  Duguetia  bracUosa^  Mart.,  and  in  D.  Spixiana,  Mart.,  as  wdl 
as  in  Anona  furfuracea^  St.  Hil.;  these  hairs  are  sunk  in  the  leaf-surface;  their 
very  numerous  ray-cells  are  excessively  thick-walled,  are  united  to  one  another 
for  a  varying  distance,  and  are  more  or  less  distinctly  arranged  in  relation 
to  a  median  line.    Glandular  hairs  are  absent. 

3.  Structure  of  the  Axis.  The  structure  of  the  axis  also  presents  a 
series  of  ^ood  characters  distinguishing  the  Order.  It  is  desirable  that 
the  investigations  hitherto  made  on  tiie  structure  of  the  axis  should  be 
extended  by  the  examination  of  more  abundant  material. 

Baillon  has  already  drawn  attention  to  the  septation  of  the  pith  of  Anona, 
Artabotrys,  and  Xylopia,  by  diaphragms  of  stone-cells  (Fig.  5) ;  these  are  also 
found,  according  to  my  own  investigations,  in  species  of  Unona,  Uvaria,  MiUusa, 
and  Mitrephora.  It  is  noteworthy,  that  in  the  genus  EuponuUia,  which  also 
deviates  considerably  from  the  rest  of  the  Anonaceae,  in  r^pect  to  its  external 
morphological  features,  ^oups  of  stone-cells  are  wanting  in  the  pith,  according  to 
Baillon.  In  the  genera  mvestigated  by  Molisch,  Moller,  and  by  me  (viz.  Unona, 
Anona,  XyUypia,  Uvaria,  Miliusa,  and  Mitrephora),  the  transverse  section  of 
the  xy lem-mass  acquires  a  characteristic  appearance,  owing  to  the  fact  that  the 
woody  tissue  is  traversed  by  tangential  bands  of  wood-parenchyma,  which 
vary  in  thickness.  The  latter  are  reco^izable  even  with  a  lens  as  transverse 
lines;  these  are  mentioned  by  Gamble  in  PolyaUhia  and  SaccopeUUum  as  well 
as  in  Anona  and  Miliusa.  The  medullary  rays  are  3-6  cells  broad.  The 
vessels  have  a  lumen  of  varying  size,  and  m  certain  genera,  e.g.  Xylopia  and 
Cananga,  have  a  very  large  cavity  (up  to  •!$  mm.  in  diameter) ;  the  perforatkms 
of  the  vessels  are  simple,  and  circular  or  elliptical.  Where  the  vessds  tooch 
one  another,  bordered  pits  varjdng  from  -003  to  -006  mm.  in  diameter  occur ; 
bordered  pits  are  found  also  on  the  walls  of  the  vessels  where  they  are  in  contact 
with  the  parenchyma  of  medullary  rays.  Molisch  has  discovered  oTstalline 
deposits  of  carbonate  of  lime  in  the  vessels  of  A  nona  laevigata.  Mart.,  both  in  the 
•  heart-wood  and  in  the  sap-wood  of  the  stem.  The  wooa-prosenchj^ma  usually 
has  fairly  thick  walls  and  the  lumina  are  not  very  narrow  * ;  its  waUs  exhibit 
slit-like  pits  with  small,  often  indistinct  borders.  Typical  bordered  pits  in  the 
wood-prosenchyma  occur  only  in  Eupomaiia  (Baillon). 

Very  little  is  known  regarding  the  structure  of  the  cortex  in  this  Order. 
The  origin  of  the  cork  has  been  investigated  in  Stormia  only,  where  it  is  super- 
ficial  according  to  Spencer  Moore.  According  to  Baillon,  an  anatomical  character 
of  quite  general  distribution  is  the  stratification  of  the  secondary  cortex  faito 
hard  and  soft  bast,  similar  to  what  is  foimd  in  the  cortex  of  the  Lime;  acocnding 
to  Spencer  Moore  the  same  feature  is  also  present  in  EphedranO^us  and  SUmaia\ 


'  The  wood  of  the  Anonaceae  is  described  as  *  soft '  by  Gamble. 

*  It  most  be  remarked  here,  that  in  the  root  of  jinona  the  occturence  of  primarvhaid  btft  (which 
elsewhere  is  very  rare  in  the  root)  has  been  obtenrcd  (sec  Rosaow,  Beitr.  ttbcr  das  Lakblndetcewche, 
Dorpat,  1875,  p.  58). 
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On  the  other  hand,  an  exception  b  in  this  re^)ect  again  a£Forded  by  the  genus 
EuponuUia^  which  also  deviates  in  other  anatomical  features  (see  above).  In 
this  genus  crescent-shaped  groups  of  hard  bast  are  present  only  at  the  outer 
lunit  of  the  phloem,  hanl  bast  being  absent  from  the  secondary  phloem. 

In  OHicIusion  it  remains  to  be  mentioned,  that  anomalous  8tem-8tnicttu*e 
has  not  yet  been  observed  with  certainty  in  the  Order,  although  the  latter 
comprises  a  series  of  lianes.  The  piece  of  stem  of  Melodorum  bancanum  (2-5  cm. 
thick)  examined  by  H.  Schenck  is  normal  in  structure.  On  the  other  hand,  an 
axis  Mrith  anomalous  structure  is  described  by  Baillon  for  a  species  of  Melodorum 
on  the  authority  of  a  citation  of  Griffiths  (Notul.  iv.  707,  t.  650,  where  it  is 
named  Cyaikostemma).  From  the  detailed  description  of  this  specimen  it  seems 
that  this  is  a  case  of  a  xylem-mass  furrowed  in  consequence  of  four  wedges  of 
bast  placed  like  a  cross ;  the  wedges  of  bast  show  the  stratification  into  hard 
and  soft  bast  characteristic  of  the  phloem  of  the  Anonaceae. 

Utcntiire :  Bailloo,  in  HitL  dct  pt,  t.  i,  1867-9,  PP*  264-8. — Baillctfi,  Adamoiiia,  t.  ix,  1868-70, 
pn.  a  a -8. — GoilUrd,  AdaniooUL,  t.  ix«  pp.  107-9. — Moller,  Holzanatomie,  Denkschr.  Wiener  Akad. 
1 876,  pp.  70  and  566.— Molitch,  VergL  Anat.  det  HoUct  d.  Ebenaceen  etc,  SitJL-Ber.  Wiener  Akad., 
Bd.  Izn,  AbL  1,  1870,  p.  78  et  leq.  (lee  alio  Bd.  UxzIt,  Abt.  i,  1881,  p.  7  et  teq.).— Gamble,  Indian 
Timben,  Caicotta,  i&i,  pp.  7-10.— Ve^ine,  Noov.  Arch,  dn  Mas.  dW.  nat.,  t^r.  a,  t  It,  1881, 
pp.  4 1 -4  and  pi.  a. — Moller,  Rindenanatomie,  188a,  pp.  a  25,  aa6. — ^Johow,  Pringsbeim  Jahrb.  1884, 
p.  308. — Blenk,  Flora  1884,  p*  56  et  tea.,  leparate  copy,  pp.  10-14.— Solereder.HoIzstmktar,  1885, 

S^  5^  S7'^0.  Badunann,  SchiMhaare,  rlora  1886,  i^MLrate  copy,  pp.  a8,  a9.— Radlkofer,  Sitz.-Ber. 
finch.  Akad.  1890,  p.  306. — Borodin,  Krystall.  Ablag.  in  den  BL  der  A.  etc,  Arb.  Petenborg. 
Natnrf.-GeKllich.,  Bot.,  1891,  pp.  i77-ao5,  Rnsian;  abitract  bj  Rotheit,  Bot.  CentralbL  1893,  iu 
n,  51.— H.  Schcndc,  Anat.  d.  Lianen,  1895,  p.  59. — Spcnoer-Moore,  MaUo  Grooo  Exped.  1891-a, 
TranaKt.  of  Unn.  Soc,  toL  It,  part  3,  1895,  pp.  a97  and  30a  et  leq.  and  pL  38. — (See  also  PrantI, 
in  NatiirL  Pflanimfam.,  iii  Teil,  AbL  a,  p.  2$^ 
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I.  Review  of  the  Anatomical  Features.  In  all  the  Menispermaceae, 
broad  primary  medullary  rays  separate  the  vascular  bundles  of  the  axis  from 
one  another.  In  the  pericyde  there  is  always  an  undulated  composite  and  con- 
tinuous sderenchymatous  ring,  which  is  composed  of  the  arcs  of  primary  hard 
bast,  belonging  to  the  separate  vascular  bundles,  and  of  groui>s  of  stone-ceUs 
situated  between  them.  The  xylem  is  characterized  by  vessels  with  wide  lumina 
and  simple  perforations,  and  by  wood-prosenchyma  vrith  bordered  pits.  Bast- 
fibres  are  never  present  in  the  seconaary  bast.  Spherical  secretory  cells  are 
absent ;  but  elongated  secretory  sacs  are  present  in  the  axis  and  in  the  petiole 
in  certain  members  of  the  Order  (species  of  Anamiria^  Burasaia^  Cissampelos^ 
Diploclisia^  JaUorhiza^  Limacia^  snaTinospora).  In  the  same  way  the  anoma- 
lous structure  of  the  axis,  viz.  the  appearance  of  rin^  of  vascular  bundles  (Fig.  8)» 
which  are  secondary  and  extrafascicular  in  origm,  is  known  only  in  certain 
cases  (species  of  Abuia^  Anomospcrmum^  Chondrodendron^  Cissampdos^  Clypea^ 
Cacculus^  Pachy^onCy  and  Pericampylus).  On  the  other  hand  the  excretion  of 
oxalate  of  lime  m  the  form  of  small,  sometimes  acicular,  crystals  appears  to  be 
characteristic  of  all  the  Menispermaceae ;  in  addition  to  these,  however,  large 
solitary  crystals  and  clustered  crystals  may  also  occur.  The  hairs  are  mosUy 
one-  or  two-celled  (in  the  latter  case  provided  with  a  long  terminal  cell) ;  more 
rarely  they  consist  of  a  longer  row  of  cells;  in  isolated  cases  (Jaieorhiza)^  glan- 
dular sha^^  hairs  vrith  a  multiseriate  stalk  and  an  ellipsoid,  glandular,  terminal 
cell  are  wo  found  (Fis.  7»  A).  In  Anamirta  Cocculus  peculiar  epidermal 
structures  (unicellular  hydathodes.  Fig.  7,  fi),  serving  for  the  excretion  of 
water,  are  developed.  Special  features  occurring  in  the  leaf  in  certain  species 
are :  fibre-like  spicular  cdls,  subepidermal  mucilaginous  layers  on  the  upper 
tide  of  the  leaf,  peculiar  thickenings,  restricted  to  portions  of  the  cell-wall  in  the 
mesophyll,  esp^sally  in  the  spongy  tissue. 
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2.  Structure  of  the  Leaf.  The  leaves  of  those  %ptdt%  the  ttructuie  of 
which  has  hitherto  been  investigated  especially  by  Blottiire  and  Vesaoe  %  are 
usually  bifacial  in  structure ;  more  rarefy  {Coccmus  Leaeba)  the  whole  mcso- 
phyll  consists  of  palisade- tissue.  The  epidermal  cells  have  straight  orwmvy 
lateral  walls;  in  the  latter  case  they  sometimes  have  what  are  calkd  maiginal 
pits.  Gelatinization  of  individual  epidermal  cells  has  not  been  observed ;  bot 
on  the  other  hand  in  numerous  Menispermaceae»  e.g.  Anamogpevmum  r^Uemlm- 
iitm,  Eichl.9  Herr  Auer  has  met  with  subepidermal  layers  of  mudlage*  which 
arise  essentially  by  gelatinization  of  the  inner  membranes  of  all  the  epideraial 
cells  within  one  mesh  in  the  network  of  veins.  The  formation  of  papillae 
has  been  observed  on  the  lower  side  of  the  leaf  of  Menispermum  canadens^  and, 
according  to  Herr  Auer,  is  also  not  uncommon  elsewhere.  Excretion  of  wax 
occurs  on  the  lower  side  of  the  leaf  in  a  species  of  Cissampdos^  ol  which  the 
name  is  not  given  (Vesque).  In  Burasaia  madagascariensist  a  one-laveied 
hypoderm  is  found  on  the  upper  side  of  the  leaf  (Blotti^re).  In  Cacculus  laun- 
falius  and  C.  carolinus^  acconunc^  to  Vesque,  the  stomata  are  accompanied  by 
subsidiary  cells,  which  lie  paralld  to  the  pore.  In  other  species,  e.g.  Ctssampdos 
and  Menispermum  canaiense^  to  some  extent  even  in  Anamirta  Cocadut.  this 
type  is  obhterated  in  the  mature  leaf.  The  stomata  are  usually  found  only  oo 
tne  lower  side  of  the  leaf,  but  in  Cocculus  Leaeba  in  about  equal  numbers  on 
both  sides  of  the  leaf.  Special  features  in  the  mesophyll  are  presented  by  the 
sderenchymatous  fibres,  which  traverse  the  mesophyll  of  Anamirta  Cocculm 
and  Burasaia  madagascarien^  as  well  as  by  the  peculiar  thickenings  of  cells 
in  the  palisade  and  spongy  tissue,  restricted  to  certain  parts  of  the  cell-walL 
These  have  recently  oeen  found  by  Herr  Auer  in  many  species,  e.g.  Suphama 
hemaftdifolia^  Walp. 

Oxalate  of  lime  is  excreted  in  the  tissues  of  the  leaf  and  axis,  and  also  in 
the  epidermis,  chiefly  in  the  form  of  small  crystals,  sometimes  of  adcular  ionn, 
many  occurring  together  in  the  same  cell.  Of  these  the  latter  now  and  then  show 
transitions  on  the  one  hand  to  fine  crystal-sand  (e.g.  in  the  pith  of  Tiliaeora 
racemosa^  Colebr.),  and  on  the  other  hand  to  styloid-like  crystals.  Structures 
resembling  clustered  crystals  have  been  observed  in  the  cortex  of  Pericampylus 
incanuSf  MierSi  large  solitary  crystals  in  the  neighbourhood  of  the  bast-nbres 
{Aspidocarya  uvifera^  Hook.  f.  et  Th.,  ftc),  or  in  the  primary  medullary  rays  of 
the  wood  {Cissampelos  Pareira^  L.).  Sphere-crystals  of  an  onanic  substance, 
not  accurately  known,  are  formed,  according  to  G.  Kraus  and  Hansen,  in  the 
epidermis  of  the  leaf  of  Cocculus  laurifolius  after  the  action  of  glycerine  or 
alcohol. 

The  occurrence  of  secretory  cells  which  are  much  elongated  and  have 
yeUowish  or  brownish  contents,  like  gum-resin,  and  freauently  including  tannin, 
IS  characteristic  of  the  petiole  and  axis  of  certain  Memspermaceae.  These 
secretory  cells  were  observed  by  Baillon  in  Anamirta^  were  erroneously  do* 
scribed  by  Blotti^re  as  'canaux  lacticif^res,'  and  are  best  compared  with  the 
well-known  tannin-sacs  in  the  pith  of  Sambucus  nigra.  In  the  axis  these 
secretory  sacs  may  occur  in  the  pith  as  well  as  in  the  cortex.  In  the  exceptional 
case  of  Diploclisia  macrocarpa^  Miers,  they  are  very  short  in  the  primary 
cortex  and  are  arranged  in  longitudinal  rows,  while  m  the  oith  and  bast  of 
the  same  plant  much-elongated  secretory  sacs  are  present.  The  secretory  sacs 
in  question  have  so  far  been  observed  by  me,  by  Blotti^re,  and  Volkens  in 
the  following  species :  A  namirta  CacculuSf  W.  et  A.,  Burasaia  madagascariensis^ 
Cissampelos  Caapeba,  Cacculus  Leaeba^  DC.,  Diploclisia  macrocarpa^  llier\ 
Jateorhiza  palmala^  Limacia  veluHna^  Miers,  and  Tinospara  cardifolia. 


*  A  rew  anatomical  iovtiHgatioo  oo  the  leaf-rtnictiire  ot  the  Older  it  being  cnnied  oat  at  tkt 
pieMottimeby  Herr  Aner  in  ProC  Radlkofer't  Labocitorj. 
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Berbeiin  is  stated  to  occur  in  Jaieorkixa  pdmaia^  Menispermum  canadensep 
and  Coscimum  fsmesiraium. 

The  hair*  may  be  unicellular  {AbtUa  rufesuns)  or  bicellular,  and  in  the 
latter  case  (Coceulus)  they  consist  of  a  short*  sometimes  strongly  thickened 
(C.  LeoAop  DC.)  basal  cell  and  a  long,  often  thin-walled,  tenninsu  cell,  or  they 
may  be  multicellular  and  uniseriate.  In  JaUorhixa  palmaia  dender  groups 
of  cells  reseroblinf  shaggy  hairs  occur,  consisting  of  several  rows  of  cells  with 
an  ellipsoid,  glandular»  terminal  cell  (see  Fig.  7fA). 

Amongst  the  trichomes  the  unicellular  hydathodes  (water-absorbing  and  water- 
excreting  organs)  observed  by  Haberlandt  on  both  sides  of  the  leaf  in  Anamirtm 
Coccuims  mutt  also  be  included.  These  (Fig.  7«  B)  are  rather  large  epidermal  cells 
of  an  inverted  funnel-shape,  and  he  at  the  base  of  a  shallow  depression  in  the 
leaf-surface.  The  inner  and  lateral  walls  of  these  hydathodes  are  not  specially 
thickened,  but  are  lignified.  At  the  centre  of  the  strongly  thickened  outer  wau 
there  is  a  very  peculiar  filtering  apparatus,  which  inojects  outwards  in  the  form  of 
a  short  membranous  papilla,  while  it  is  continuedT  inwards  as  a  cystolith-like  peg. 


F10.7.  A,fUodaUirtlMfiTlk«ir 
or  JmiiorkSm  ^tmsttTmien 
(Orifftoan.  •.  HydAtliodeor^iM. 
m^rtm  CHaUut  (after  Haber- 
la«h>. 


gnarled  or  with  coralloid  branches  at  its  extremity.  The  membranous  papilla  and 
the  pes  are  traversed  by  a  delicate  filtering-canal,  while  the  papilla  at  its  tip 
ii  mucuaginous  and  is  not  covered  by  catide. 

The  petiole  has  been  investigated  by  Plitt  and  Ves^ue  in  Mentspmnum 
cMtuuUnse  and  Coceulus  laurifolius ;  in  both  these  plants  it  contains  a  circular 
system  of  isolated  vascular  bundles. 

3.  Structure  op  the  Axis.  In  all  the  Menispermaceae  the  vascoUr 
bundlea  are  separated  from  one  another  by  broad  primary  medullary  rays, 
and  stand  out  abtinctly  in  a  transverse  section  of  the  oranch. 

In  certain  species  {Anamirta  Coceulus^  W.  et  A.,  Coscinium  Blunuanum. 
Miers,  and  Limada  veluiina^  Miers),  the  pith  exhibits  a  differentiation  into  an 
inner  (empty)  and  an  outer  active  tissue.  The  latter  of  these  forms  a  kind 
of  medullary  sheath,  and,  in  contradistinction  to  the  isodiametric  cells  of  the 
inner  part,  consists  of  cells  which  are  more  strongly  elongated  in  the  vertical 
direction,  are  provided  with  slit-like  pits,  and  are  sometimes  septate  by  means 
of  thin  cross-walls.  In  other  species  this  kind  of  differentiation  of  the  pith  is 
wanting,  and  then  (e.g.  in  Aspidocarya  uvifera^  Hook.  f.  et  Th.  or  Coceulus 
laurifolius^  DC.)  groups  of  cells  resembling  bast-fibres  are  fre<)uently  present  on 
the  inner  side  of  the  masses  of  primary  xylem  (Eichler's  '  innerer  nartbast,' 
which,  however,  is  not  so  generally  distnbuted  as  Eichler  supposed). 

The  primary  medulla^  rays  of  the  wood  are  dther  lignined,  as  fai  iifumtfto 


48  MENISPERMACEAE 

Cocctdus,  or  anlignified  as  in  Aspidocarya  uvijera^  Cissampelos  Pareira^  and 
Menispermum  canadense.  The  parenchjona  of  the  primary  medullary  rays 
sometimes  becomes  sclerosed  between  the  masses  of  bast  and  the  adjoining 
outermost  part  of  the  primary  medullary  rays  of  the  xylem  {Anamirta  Cocculus, 
Coscinium  Blumeanum). 

The  xylem  of  the  vascular  bundles  occasionally  contains  narrow  secondary 
medullary  Tdiys  and  a  little  wood-parenchyma.  Tlie  xylem  consists  chiefly  of 
vessels  with  large  lumina  (maximum  diameter  -s  mm.),  and  of  wood-prosen- 
chyma  with  bordered  pits.  The  vessels  possess  simple  perforations^  and  have 
bordered  pits  even  where  in  contact  with  parenchyma. 

In  young  branches,  such  as  are  found  in  herbarium-material,  the  phloem- 
portions  of  the  vascular  bundles  are  limited  on  the  outer  side  towards  the 
primary  cortex  by  crescents  of  hard  bast-fibres.  These  crescents  of  hard  bast 
are,  moreover,  united  by  intermediate  groups  of  stone-cells  into  a  composite 
and  continuous,  undulated  rin^  of  sclerenchyma,  which  I  have  observed  to  be 
constant  in  the  numerous  Memspermaceae  \  in  which  this  point  has  been  in- 
vestigated. This  ring  is  still  present  in  thick  axes  of  Cissampelos  Pareira  and 
Hyperbaena  domingensis,  Benth.,  though  here  the  arc-shaped  hard  bast  is  split 
up  into  groups  and  the  latter  are  united  by  stone-cells.  In  many  cases  (e.g. 
in  species  of  Cocculus^  Cyclea^  Pcraphora,  Suphania^  and  Nephrotca)  the  arcs 
of  hard  bast  are  not  in  mimediate  contact  with  the  soft  bast  on  their  inner 
side,  but  large-celled,  unlignified  parenchyma  intervenes,  in  which  no  sieve- 
tubes  occur  (parenchymatous  pencycle).  The  secondary  bast  never  contains 
bast-fibres  in  this  Order.  In  the  primary  cortex  groups  of  stone-cells  are 
sometimes  present  {Anamirta  Cocculus).  With  regard  to  the  cork  very  little  is 
known.  Menispermum  canadense  is  mentioned  by  De  Bary  among  those  plants 
in  which  periderm-formation  does  not  occur  until  a  late  stage.  With  regard  to 
the  origin  of  the  cork  in  Menispermum  canadense^  Mdller  states  that  it  originates 
superficially  in  places,  at  first  on  circimiscribed  areas  of  the  stem,  and  then 
spreads  peripherally,  as  it  penetrates  deep  into  the  cortex  (compare  also 
Volkens,  Taf.  i.  Fig.  i);   the  periderm-cells  are  small  and  have  delicate  walls. 

The  deposits  of  crystals  and  the  occurrence  of  secretory  sacs  in  the  axis 
have  already  been  discussed  above. 

To  conclude  the  description  of  the  axis  it  remains  to  be  mentioned,  that  in 
certain  but  not  in  all  the  members  of  the  Order  an  anomalous  stem-sU  uctuic 
occurs  in  thicker  parts  of  the  axis  ;  in  these  cases  a  transverse  section  shows 
several  concentric  rings  of  vascular  bundles,  which  either  encircle  one  another 
completely  on  all  sides  of  the  transverse  section  or  only  develop  strongly  on 
one  side  (Fig.  8).  The  history  of  the  origin  of  these  anomalously  constructed 
portions  of  the  axis  is  shortly  as  follows.  Originally  only  a  single  normal  ring 
of  vascular  bundles  is  present,  and  its  ring  of  cambium  is  for  some  time  active 
in  the  normal  way.  Then  the  activity  of  this  cambiimi  ceases,  and  an  extra- 
fascicular  meristem,  which  is  annular  or  arc-shaped  and  only  developed  tovrards 
one  side,  arises  in  the  innermost  part  of  the  primary  cortex,  which  b  rich  in 
starch.  This  cambium  at  first  increases  the  mass  of  the  primary  cortical  tissue. 
In  the  newly  formed  tissue  secondary  procambial  strands  arise,  and  from  these 
a  second  ring  or  arc  of  vascular  bundles  is  formed  and  likewise  grows  in  thick- 
ness for  some  time  by  means  of  its  normal  cambium ;  on  its  outer  side  a  ring  or 
arc  of  stone-cells  develops.  Outside  this  ring  of  stone-cells  a  second  meristem 
subsequently  arises  and  produces  a  third  ring  or  arc  of  vascular  bundles  and 

*  Spedet  of  the  following  genera  were  examined  by  me :  Ahuta,  AnamirU^  An^m^sp^rmmmi 
Antiiaxu^  Anti%oma,  {Dissopeialum),  Aspidocarya,  Calycocarpum^  Ckasmanthtra^  ChcmdAdmdttn^ 
Cissampelos,  Cocculus,  Coscinium,  Cyclta,  Disciphania,  Hyperbaena,  JaieorkiMo^  Limmcia^  LMt- 
phyllum,  {Peraphora),  Menispermum,  Packygone^  ParahaentL^  Pericampybtt^  /ycmarrAttm,  «&i0- 
doteniog  Slepkania^  SycJkttosepalum,  Tiiiacora^  Tincspora. 
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a  second  ring  or  arc  of  stone-cells  bounding  the  vascular  bundles  externally. 
It  is  worthy  of  note  that  the  secondarily  formed  vascular  bimdles  possess  no 
crescents  of  hard  bast  and  contain  no  pnmary  forms  of  vessels 
(spiral  and  annular  vessels). 

The  anomaly  in  question  has  hitherto  been  observed  in  the 
following  Menispermaceae,  the  name  of  the  authority  for  the  ob- 
serv'ation  being  added  in  brackets  :  CoccuJus  laurifoltus  (Decaisne, 
Eichler,  Hdrail,  Blotti^re),  C.  Leaeba  (KrQger) ;  Chondrodendron 
pUUyphytlum  (H.  Schenck),  C.  tomeniosum  (Blotti^re);  Pericamfylus 
incanus^  Miers  (H.  Schenck);  Anomospermum  Schamburgkii,  Miers 
(H.  Schenck),  A.  grandifolium,  EichL  (H.  Schenck);  Pachygone 
domingensis^  EichL  (Witte,  Solereder) ;  Abuta  amara  (Blottidre  ^), 
A.  concolar,  Poepp.  et  Endl.  (Solereder),  A.  Imene^  EichL  (Sole- 
reder), A.  rufescsns^  AubL  (Aublet,  Jussieu),  A.  Selloana,  EichL 
(H.  Schenck').  It  is  worth  mentioning  that  among  the  species 
named,  there  are  not  only  lianes,  but  also  a  tree,  Cocculus  laurifoiius. 

Those  species  which  possess  successive  rings  of  vascular 
bundles  in  the  axis  appear  also  to  have  them  universally  in  the 
root.  According  to  Nageli  this  holds  good  for  Cocculus  laurifoltus^ 
according  to  Bu>tti^re  for  Abuta  rufescens  and  Chondrodendron 
tomeniosum.  The  same  anomalous  structure  is  also  possessed  by 
the  root  of  Cissampelos  Pareira,  L.,  according  to  Wigand,  and  by 
that  of  Clypea  Burmannu  according  to  Blotti^re. 

Even  if  in  the  future  a  further  series  of  Menispermaceous  Uanes 
with  anomalous  wood  should  be  met  with,  it  is  nevertheless  to 
be  gathered  from  present  observations^  that  Uanes  of  normal 
structure  also  occur  in  the  Order.  As  examples  of  this  H.  Schenck 
cites  species  of  the  genera  Anamirta,  Cissampelos^  Couulus^  Cos- 
cinium^  Menisfermum^  and  Tinospora^  on  the  authority  of 
Decaisne,  Gamole,  H^xail,  and  Eichler.  The  root  of  Jateorhixa  palmata^  Miers 
{Radix  Cohtnbo),  which  has  normal  growth,  is  also  normal  in  structure. 

liteimtore :  Decaine,  Liudiubalto,  Arch,  do  Mas.  d^hisL  nat.,  t  i,  1839,  p.  145,  ub.  x,  fig,  18. 
— JoaicQ,  Malpighiacfo,  Arch.  Mot.  d*hut.  nat,  L  iii,  1843,  p.  125. — \Vif»aiKl,  Flora  1856,  p.  676 
and  Taf.  tU.— Kadlkolier,  Flora  1858, pp.  103-306.— Nageli,  Bcitr.  z.  win.  Bot.  i,  1858,  pp.  16-19.— 
Ekhlcr,  Denkfldir.  Regnsbarg.  bot.  6ctelUcb.,  Bd.  ▼,  Heft  1. 1864.— Eichler,  Flora  brasU.,  roL  zHi, 
I,  1864,  p.  307  et  tea.,  and  Tab.  1,  IL — Bailloo,  Adaxisooia,  t.  is,  1868-70,  p.  378,  see  alio  HisL  dct 
vL,  t.  iii,  187a,  p.  ao.— G.  Kraos,  Pringiheim  Jahrb.,  Bd.  riii,  1873,  pp.  431-6  and  Tab.  xzxr. — 
MoUer,  Holxanatomie,  Dcnkschr.  Wiener  Akad.  1876,  pp.  68,  60  and  364,  365.-1)6  Barr,  VagL 
Anat.,  1877. — Gamble,  List  of  the  trees,  &c.  in  the  Darjeeling  district,  Bengal,  CalcntU,  1878,  p.  4. 
— Vcsqne,  Noht.  Arch,  du  Mut.  d'hist.  nat.,  s^.  3,  t.  It,  i88i,pp.  44-7 and  pi.  3. — Moller,  Kindcn- 
anatomie,  i88a,  p.  333.— Hansen,  Arb.  d«  bot  Inst  Wiirsbiirg,  Bd.  iii,  1884,  p.  loa.— Kriigcr, 
Aoosiale  HoUbild.,  Diss.,  Leipzig.  1884,  p.  33. — Morot,  Ann.  sc  nat,  s^.  6,  t  za,  1885,  p.  357. 
—  H^iail,  Ana.  sc  nat,  s^.  7,  t  ii,  1685,  p.  336. — Mentonch,  Mark,  Klansenborg,  1885,  Him* 

Sariaa ;  abstract  in  Tost,  188&,  i, jp.  789.— Solereder,  Holzstrnktor,  1885,  p.  57.— Blottite,  Et  anat 
e  la  fun.  des  M^n^xrmacees,  Pans,  1886,  p.  7  et  seo.  and  3  pL— Plitt,  Blattstiel,  Diss.,  Marburg, 
1886,  p.  13  ct  seq. — Witte,  Lunen,  Diss.,  Frdborg  L  Br.  and  Kiel,  1886,  p.  37  et  seq.— Volkeni» 
AcgrptHuab.  Wtiste,  Berlin,  1887,  pp.  86-9  and  Taf.  i,  iz  and  zr.—  Prantl,  in  Natiiri.  Pflinrenfam., 
iit  Teil,  Abt  3,  1K88,  p.  79.— Solereder,  Engler,  Bot  Jahrb^  Bd.  z,  1880,  p.  483  et  seq.— Schenck, 
Anat  d.  Lianen,  1893,  pp.  63-70  and  p.  353,  Taf.  ii  and  iii.~Haberlandt,  Trop.  LanbbL  it,  Sitz.* 
Ber.  Wiener  Akad.,  Bd.  oil,  Abt  i,  1894,  p.  K04  (16)  ct  seq.  and  Taf.  ii  and  Sitz.*Ber.  Dentich, 
bot  Gctdltdu  1894,  p.  369  and  Taf.  zxiT.— (Scfawabach,  Bot  CentndbL  1898,  it,  p.  359.] 

*  The  aaooialoat  piece  of  stem  in  question,  described  by  Blotti^  as  AhUa  atmaru,  probably  doct 
not  belong  to  AhUa  ttwuuna^  Aubl.,  if  the  latter  is  really  identical  with  Arisiclockta  gUucuemt^ 
H.  B.  K.,  as  stated  in  the  Kew  Index.  AVithoat  anatomical  examination  of  the  branch  or  leaf,  this 
latter  statement,  howercr,  appears  to  me  to  be  not  jet  quite  certainly  prored,  as  Anblet's  example  is 
fltarile.  and  AnIJct  (PI.  de  la  Gnyuie  fran^.,  i,  pp.  630,  63 1)  says  of  the  wood :  '  le  bois  est  jaanitre, 
looB^  de  plnskvi  cerdet  coooentriqoes.*  Or,  m  the  case  of  the  identity  of  Abuta  amutra,  AnbL, 
with  the  q^^des  of  Aristeleckia  mentioned,  may  tiie  anomaly  of  sooociBiTe  rings  of  wood  and  bast 
oocv  in  Aristebekia  also  7 

*  It  mttit  pfobablT  be  regarded  as  an  enor  that  H.  Schenck  (loc  ctt,  p.  63)  quotes  Bmrasaia 
wmd^gattmHemtis  wui  Ckmsmmmikerm  pahmata  among  tht  Menispermaoeae  of  anomaloos  structure, 
acoofSlBg  to  Bloltite;  in  Bloctibe's  treatise  I  find  do  ftatemcat  to  waiiant  this. 


BERBERIDEAE. 

I.  Review  of  the  Anatomical  Features.  There  are  only  a  fewdiarmcten 
applying  generally  to  the  whole  Order.  Such  are,  for  the  woody  genera,  the 
occurrence  of  broad  primary  medullary  rays  and  the  almost  exclusive  pfesence 
of  simple  perforations  in  the  vessels;  further,  as  concerns  the  leaf^structure^ 
the  absence  of  special  subsidiary  cells  in  the  stomatal  appaiatos  and  the 
lack  of  special  internal  and  external  glands.  Befberin  is  frequently  found, 
and  Rives  a  vellow  coloration  to  the  tissues.  The  hairy  covering  consists  of 
simple,  unicellular  or  uniseriate  trichomes  ;  in  the  latter  case  the  hair  is  composed 
of  two  or  three  short  basal  cells  and  a  long  terminal  cell.  Oxalate  of  lime  oceors 
in  the  form  of  solitary  and  clustered  crystals.  The  remaining  anatomical 
features  are  mostly  only  of  importance  for  generic  and  specific  diagnosis. 
Among  these  are  the  sub^papiUose  or  papillose  differentiation  of  the  lower 
epidermis  of  the  leaf  (sp^ies  of  Akeoia  and  Afahonia),  the  occurrence  of 
hypoderm  (HolbodUa)  or  of  sclerenchyma-fibres  (species  of  Mahonia)  beneath 
the  epidermis  on  the  upper  side  of  the  leaf,  the  spiral  thickening  of  the  walls  of 
the  vessels  and  tracheiaes,  the  nature  and  pittinjg^  of  the  wood-pfosenchyma 
fsimply-pitted  and  septate  in  Berberis^  simplv-pitted  also  in  aalboeUia  and 
NandinOf  with  bordered  pits  in  LardizabaU^  &c.).  The  transverse  section  of 
the  stem  in  DiphyUeia^  Jeffersonia^  LeonHce,  and  Podophyllum  (Fig.  lo)  Shows 
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the  same  arrangement  of  vascular  bundles  as  in  a  Monocotyledonoos 
The  cork  arises  in  Berheris  immediately  on  the  inner  side  of  a  mne  of  sderen- 
chyma-fibres  forming  the  outer  part  of  the  pericycle,  or,  as  in  Podophyllum  and 
its  allies,  subepidermally. 

a.  Structure  of  the  Leaf  ^  The  leaf  of  the  Berberideae  is,  as  a  nik; 
bifacial*  in  structure ;  the  palisade- tissue  varies  in  thickness  and  differentiation. 
In  Epimedium  the  whole  of  the  leaf-tissue  consists  of  cells  of  uniform  shape. 
The  epidermal  cells  have  straight,  curved  or  strongly  undulated  lateral  waDs. 
In  Akebia  quinata^  Decne.,  the  epidermal  cells  on  the  lower  side  of  the  leaf  are 
strongly  arched  outwards ;  Mahonia  rcbcns  and  M.  trifolia^[CYiam.  et  SchlechL, 
have  distinct  papillae  on  the  lower  siae  of  the  leaf ;  these  are  found  also  in 
the  groove  of  the  leaf  of  Berheris  empetrifolia^  in  this  case  with  transitions  to 
unicellular  hairs.  Berheris  Knighiii  has  parallel  striation  of  the  cuticle,  and  Lmrdi- 
lahala  triiemala  possesses  cuticular  beads.  Hypoderm  occurs  locally  bdkm 
the  epidermis  on  the  upper  side  of  the  leaf  in  HolboeUia  latifolia.  Strengthening 
of  the  epidermis  of  a  aincrent  kind  is  possessed  by  certain  species  of  Mahomif^ 
e.g.  M.  japonica  and  Af .  trifolia^  as  well  as  by  Berheris  empetrifolia^  for  in 
these  plants  two  or  more  layers  of  sclerenchyma-fibres,  runnmg  paiallel  with 


*  Chieffy,  ftccordini^  to  Vetqoe,  in  Nomr.  Arch,  dn  Mas.  d*httL  oat 

*  The  \aSoiB€rUris$mp$trif9iia^  Lam.,  it  a  rolled  leaf  with  the  groove  downwiidt  («•  Gocbtl, 
locdt.). 
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erne  anotbeTt  are  found  below  the  epidermis ;  similar  bundles  of  fibres  fonn  the 
margin  of  the  leaf  of  Epimedium.  The  stomata  occur  only  on  the  lower 
surface  of  the  leaf,  and  are  surrounded  by  three  or  more  epidermal  cells  not 
distinguished  by  their  form. 

'Uie  midrib  of  the  leaf  contains  a  varying  number  of  vascular  bundles, 
which  are  suirounded  by  a  sheath  of  sclerenchyma-fibres.  This  sheath 
reaches  to  the  epidermis  either  on  the  upper  side  only  or  on  both  sides.  The 
individual  bundles  of  the  petiole,  which,  according  to  Vesque  and  others,  are 
arranged  either  in  an  arc  or  in  a  more  or  less  distinct  ring,  are  also  usually 
accompanied  by  sderenchyma-fibres,  but  not  always,  as  is  shown  by  Akebia^ 
LardixabalOf  and  Holboellia. 

Oxalate  of  lime  occurs  in  the  form  of  solitary  or  clustered  crystals. 
Besides  crystals  of  oxalate  of  lime,  other  components  of  the  cell-contents  have 
been  observed  in  the  Order,  and  should  be  shortly  referred  to.  Firstly,  in  most 
of  the  cells  of  the  upper  epidermis  of  the  leaf  in  some  species  of  Af  oAonio,  e.e. 
M.  jafHmica^  M.  ienuifalia^  and  Af.  Fartunei,  Vesque  has  observed  yellowi^ 
or  greenish,  prismatic  crystals  of  an  organic  substance,  of  the  chemic^  nature 
of  which  nothing  further  is  known  (Fig.  9,  A-B) ;  these  are  fixed  by  one  end 
in  groups  in  the  outer  wall  of  one  and  the  same  epidermal  cell,  and  project 
from  tnere  into  the  lumen  of  the  cell  in  a  raoiating  manner.  In  the 
medullary  cells  of  the  petioles  and  secondary  petioles  of  Lardixabala^  the  same 
auth(»'  has  discovered  another  body  in  the  c^-contents  in  the  form  of  super* 
ficially  wrinkled  globules ;  these  bodies  are  colourless,  hard,  brittle,  insoluble 
in  alcohol  and  in  hydrochloric  acid,  and  are  not  stained  by  iodine  solution  (Le. 
probably  silica  ?).  Lastly,  in  the  chloroplasts  of  the  palisade-tissue  of  Berberis 
wulgarist  Zimmermaim  met  with  acicular  or  apparentlv  triangular  crystalloids. 
In  connexion  with  these  special  components  of  the  cell-contents,  it  should  also 
be  stated  that  true  secretory-receptacles  are  absent.  But  it  is  never* 
tbeless  worthy  of  remark,  that  resinous  substances  are  stated  to  occur  in  the 
rhixome  of  Podophyllum;  further,  that  the  yellow  coloration  of  the  tissues  of 
Bcfberis  and  of  the  root  of  Jeffersonia  is  caused  by  berberin,  which  may  also  be 
recognized  as  eolden-yellow  contents  in  the  ray-parendiyma  of  the  bast 
in  Berbms;  andf  lastly,  that  berberin  is  also  present  in  Podophyllum  pdialum^ 
L.,  in  Leontiu  UuUidroides^  L.,  and  in  Nandina  domestical  Thunb. 

The  hairs  of  the  Berberideae  are  simple;  they  are  either  unicellular 
(Podophyllum  Emodi  and  DifhyUeia  Grayi),  or  consist  of  a  row  of  cells,  which 
is  formed  of  a  variable  number  of  short  bi&sal  cells  and  a  long  terminal  cell 
fiUed  with  yellowish  or  brown  contents  {Epi$medium  niveum^  Lardixabala  IriUr^ 
nata).    True  glandular  hairs  have  not  been  observed  in  the  Order. 

3.  Stkucture  of  the  Axis.  In  the  genera  with  a  strongly  developed 
mass  of  wood  (Berheris^  Nandina^  LardixabiUa^  HolboeUia^  and  also  in  Akebia)^ 
broad  primary  medullary  rays  separate  the  individual  vascular  bundles  from 
one  another.  These  primary  medullary  rays  do  not  become  dosed  by  inter- 
fascicular wood,  but  form  longitudinal  plates  which  split  up  the  wood  into 
longitudinal  segments.  The  vessels  have  lumina  of  varying  size  (maximum 
diameter,  "056  to  '093  mm.)  and  their  arrangement  is  also  variable ;  their 
cross-walls,  as  a  rule,  are  provided  with  simple  perforations,  more  rarelv  they 
are  scalariform,  with  few  bars  {Berberis^  Holboellia).  The  occurrence  of  spiru 
thickening  of  the  wall  together  with  bordered  pits  in  the  vessels  with  smaller 
lamina,  and  in  the  tracheides  of  Berberis,  Nandina,  and  Holboellia,  is  worthv 
of  note ;  in  Lardixabala  bilemaia,  Ruiz  et  Pav.,  this  is  only  slic^htly  indicated. 
The  wood-parenchyma  is  little  or  not  at  aU  developed.  With  regard  to  the 
pitting  of  the  wood-prosenchyma  differences  are  found  in  the  Order.  Thus 
the  iimd-protenchyiiia  of  Berberis  is  simply-pitted  and  the  lumen  of  these 
elements  is  sometimes  provided  with  a  few  ddicate  cross-walls ;  in  Holboeltia 
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and  Nandina  simply-pitted  prosenchyma  also  occurs  apart  from  the  trsicheides 
with  bordered  pits  and  spiral  thickenings ;  in  Lardixabala  prosenchyma  with 
bordered  pits  alone  appears  to  be  present. 

Concerning  the  remaining  genera  of  the  Order  it  must  be  pointed  out  that 
in  Podophyllum  (Fig.  lo),  Jeffersonia,  Dtphylleia,  and  Leoniice,  the  vascular 
bundles  exhibit  an  uregular  scattered  arrangement  in  the  transverse  section 
of  the  stem»  similar  to  what  is  foimd  in  a  Monocotyledon.  That  is  to 
say,  aroimd  a  pith,  which  in  Leontice  is  subsequently  replaced  by  a  cavity, 
parenchymatous  groimd-tissue  is  found,  in  which  numerous  vascular  bundles  are 
UT^ularly  scattered.  The  outermost  of  these  in  Podophyllum  have  their  bast- 
portions  embedded  in  a  ring  of  sclerench)ana.    The  vascular  bimdles  in  question, 

which  are  scattered  in  the  transverse 

>^^^^5E^5^^^  y^^^^s.  section,  are  without  doubt  of  the  nature 

/P^  ^    0   f^V'^^fi^^^  of  leaf-traces;  their  course  has,  however, 

\^^     C)      "  m^/^     ^  iks^      ^^*  y^^  '^^^  investigated  in  detalL 

^^  an     €)       rs  rm    ^^^  ^^  knowledge   of  the    structure 

ji  ^^^    ^^  c^f4^^    of  *h®  cortex  practically  extends  only 

jy    Q  ^        rtSx  *^  *®  genus  Berberis  (including  Maho- 

^C^^iQ^gyQ  ^^^^^^9^n  ^*^)-     "^   *^^   plant   the   pericycle  is 

^       ""^feg^^^  formed,  in  its  outer  part,  by  a  broad  ring 

^  ^  ,     ..      ..    of  sclerenchyma-fibres  with  wide  liunina, 

thf «emaf'5S55A^^  and  in  its  inner  part  of  many-layered 

h^SdS^^'ZVi^^t^^  parenchyma.    In  the  outermost  layer  of 

cells  of  the  latter,  cork-cells  with  wide 
lumina  and  dehcate  walls  appear  even  in  the  first  period  of  vegetation. 
Berberis  vulgaris  (unh'ke  Mahonia)  possesses  secondary  hard  bast.  This 
is  formed  of  yellow-walled  sclerenchymatous  fibres,  resembling  rod-cells  and 
occurring  singly  in  the  outer  part  of  the  phloem,  but  in  tangential  rows  in  the 
inner  part.  According  to  Douliot's  researches  the  cork  in  Podophyllum^ 
contrary  to  the  case  of  Berberis^  arises  subepidermally,  and  according  to 
Prantl  this  is  quite  general  in  the  'Lardizabalaceae^';  where  a  composite 
and  continuous  ring  of  sclerenchyma  is  present  in  the  pericycle. 

The  pith  has  likewise  only  been  investigated  in  Berberis  (including  Mahonia) 
by  Gris.  It  is  worthy  of  note  that  Berberis  vulgaris^  B.  macrophyUa^  B.  nepm* 
lensis,  and  B.  sinensis  possess  a  heterogeneous  pitii,  while  Mahonia  aquifolium 
has  a  homogeneous  pith.  The  heterogeneous  pith  of  Berberis  vulgaris^  &c.  b 
formed  by  a  centrally  placed  cylinder  of  empty  cells  with  large  cavities  and 
thin  walls,  while  its  peripheral  part  is  composed  of  thicker-walled,  active 
cells. 

As  regards  the  structure  of  the  root  it  need  only  be  mentioned,  that  its  cortical 
parenchyma  exhibits  ridge-like  thickenings  of  the  waUa  in  Mahonia  aquifolium. 

Utentnre:  Decftisne,  Arch.  Mat.  dliist  nat.,  t  i,  1839,  p.  168.— Agmrdh,  Theoria  wpL  pi., 
Ltind,  1858,  p.  75.~Sanio,  Kork,  Pringsheim  Jahrb.,  Bd.  ii,  i8i5o,  p.  39.— Sanio,  Bot.  Zeit.  1864, 
p.  a3a— Chaloo,  Tiget  Itgn.  det  Dicotyled.,  M^m.  i,  Gand,  1869,  p.  5  and  M^m.  U,  1868,  pp.  10-14 
and  pi.  i. — Raillon,  Adansonia,  t.  ix,  1868-70,  pp.  320-4  and  Hist  det  pi.,  t.  iii,  187a,  p.  63. 
— Grit,  Moelle,  Nony.  Arch.  Mnt.  dliist  nat.,  t.  vi,  1870,  pp.  359,  a6o  and  pi.  zr. — Rnatow,  Retr. 
Leitb.-  n.  Gmndgew.,  Jubilanmsschr.  Univ.  Dorpat,  A.  t.  Bunge  eewidm.,  1875,  p.  73.-»Mol1er, 
Holianat.,  Dcnkschr.  Wiener  Alcad.,  1876,  pp.  7a,  73  and  368.— De  Bary,  Vera;!.  Anat,  1897.— 
Hesselbarth,  Vergl.  Anat.  d.  Holx.,  Diss.,  Leipzig,  1879,  pp.  68,  69. — Vesqne,  Noqt.  Arch.  Mar. 
dHiist  nat.,  s^r.  a,  t  iv,  1 881,  pp.  48-51,  pi.  a.— Moller,  Rindenanat,  i88a,  p.  a3a.— Boning,  Anat 


>  The  *  Larditabalaceae  *  of  Prantl  are  formed  by  the  genera  Ikcaisma^  Stiunimiaf  Ho&otiHa^ 
P9rvaHa^  AkiHa^  Boquiia  and  LanliMaMa, 
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d.  Summes  der  Bcrberitse,  Dim^  Kaoigsberg,  i835«— Solereder,  Holntr.,  1S85,  p.  60.— Plitt, 


boC  GcmUkIu,  Bd.  Ti,  1890,  tqwrmte  copy,  p.  67.»Goebel,  PflanzoibioL  SchikL  il,  UeC  i,  1891, 
35  Asd  TaC  zfL — Zlmmeinuuiiiy  PflanimyUe^  a.  Heft,  1801,  p.  149.— H.  Scheock,  Anat.  d. 
>  >^3«  PP*  ^^  63.^bMtin,  Stiuctore  of  PodopkyUum^  Aoacrk.  Joam.  of  Phamu  1894.] 


NYMPHAEACEAE. 

I.  Review  of  the  Anatomical  Features.  The  following  anatomical 
features  are  characteristic  of  all  the  Nymphaeaceae :  the  closed  vascular 
bundles  of  the  stem,  which,  in  a  transverse  section,  are  for  the  most  part 
irrq[ularly  arranged,  as  in  the  Monocotyledons ;  the  occurrence  of  numerous 
air-spaces ;  the  abortion  of  the  primary  xylem-groups  of  the  vascular  bundles 
in  consequence  of  the  secondary  appearance  of  air-passages ;  the  lack  of  true 
vessels;  further,  the  bifacial  structure  of  the  leaf;  the  restriction  of  the 
stcmiata  to  the  upper  surface  of  the  leaf ;  the  absence  of  special  subsidiary  cells 


Fio.  It.  A,  Traacrcmt  ■ection  throoffh  tlie  leaf  of  Kjm^kmtm  Mmrlitit^  Hort. ;  the  cryiub  in  the  walk  of  the 
Mk«Ur  celli  aiid  of  the  ■pongy  pareochTma  are  drawn  lanrrr  than  they  are  in  trm^j.  B,  Transrerae  srctkM 
tbrosfh  the  wall  of  an  atr-paanace  from  the  petiole  of  NelumMum  Mcc^Manw,  Willd-  with  a  cell  bearinf 
a  daMerrd  cryau'.  C,  latercelhdar  tpace  of  Brmstmia  ftUmiA^  Parch.,  filled  with  nmcilaipe-hairi.  A-B,  OriginaL 
C  After  Srhrenh. 

accompanying  the  guard-cells ;  the  occurrence  of  laticiferous  sacs;  finally,  the 
uniform  nature  of  the  hairy  covering,  the  latter  being  composed  of  (a)  simple 
fe#-celled  mucilage-hairs,  which  consist  of  two  short  stalk-cells  and  a  short  or 
longish  terminal  cell,  secreting  mucilage  (Fig.  12,  B-F),  and  (6)  clothing 
hairs,  which  are  likewi*^  uniseriate.  In  some  of  the  genera  the  deposition 
and  embedding  of  small  crystals  of  oxalate  of  lime  on  or  in  the  walls  of  ordi- 
nary or  of  specially  shaped  cells  has  been  observed ;  whether  this  obtains  in  all 
Nymphaeaceae  has  yet  to  be  decided.  As  an  anatomical  characteristic  of 
certam  eenera  the  following  features  should  be  pointed  out :  the  presence  of 
branched  sderenchyma-celh  with  their  arms  projecting  into  the  lacunae  (ii^ 
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Nymphaea^  Fig.  ii,  A,  Nuphar^  Victoria^  and  EuryaU) ;  the  occorrenoe  of 
clustered  crystals  (in  Nelumbium) ;  and  finally,  the  varying  differentiatioQ  of 
the  laticiferous  sacs  and  of  the  vascular  system  (simple  vascular  bundles,  doabk 
vascular  bundles,  or  vascular  system  of  polystelic  structure,  see  below). 

2.  Structure  of  the  Leaf.  The  mesophyll  is  bifacial  in  stmctare. 
The  spongy  tissue  is  distinguished  by  having  wide  intercellular  spaces.  The 
stomata  are  found  only  on  the  upper  surface  of  the  leaf  ^  in  all  case%  even 
when  the  leaves  are  raised  above  the  surface  of  the  water,  as  in  Nelmmbimm^ 
in  Nuphar  advena,  and  in  the  land-forms.  The  guard-cells  of  the  stomata  are 
surrounded  by  epidermal  cells,  which  are  not  of  special  form,  and  axe  irregularly 
placed.  In  Nelumbium  speciosum,  Willd.,  there  is  a  group  of  water-pores  at 
the  centre  of  the  upper  side  of  the  leaf.  Water-pores  also  occur  on  the  peltate 
leaves  of  Brasenia  peltaia^  Pursh.,  at  the  points  of  junction  of  the  anastomotiiig 
veins.  The  epidermal  cells  usually  have  almost  strai£[ht,  more  rarely 
undulated  lateral  walls ;  in  Nelumbium  the  upper  epidermis  is  papillose.  The 
smaller  veins  of  the  leaf  are  embedded  in  the  mesophyll,  and  are  without 
sderenchyina.    The  latter  is  also  absent  in  the  larger  veins  and  in  the  petiole. 

Peculiar  branched  sclerenchymatous  cells  (so-called  internal  hairs»  F%. 
II,  i4)  occur  in  the  tissue  of  the  leaf  and  in  other  parts  of  the  plant  in  Nymphmt^ 
Nuphar^  Victoria^  and  EuryaU^  but  not  in  Cabamba^  Nelumbtum^  and  nrmsetim ; 
the  arms  of  these  cells  project  into  the  lacunae.  These  sderenchyma-ceDs  are 
sometimes  (Nym^Aa^a,  Nuihar)  covered  externally  with  small  knobs,  idiich  csn 
be  shown  to  be  due  to  a  aeposition  of  small  crystals  of  calcium  oxalate  in  the 
cell-wall  (Schenck,  Kohl).  In  Nymphaea  and  Nuphar^  also  in  NdmMmm 
according  to  Kohl,  and  in  Brasenia  according  to  my  own  observations^  the 
walls  of  the  parench}ana,  which  border  the  air-spaces,  are  also  covered  with 
exactly  similar  small  crystals ;  these  latter,  however,  are  not  embedded  in  the 
cell-wall,  but  are  rather  deposited  on  it  (Molisch,  Kohl). 

Apart  from  the  smaller  crystals  just  described,  oxalate  of  Ifane  has 
only  been  observed  in  Nelumbium,  and  here  in  the  form  of  clustered  ciystsls 
in  the  stem,  in  the  petiole  (Fig.  ii,  B),  and  in  the  lamina  of  the  leaf.  These 
clustered  crystals  are  contained  in  small  cells,  which  in  shape  axe  completely 
adapted  to  their  contents;  they  occur  only  in  the  partition-walls  ol  this 
lacunae,  and  project  into  the  latter  like  hairs.  It  may  be  added  that  in 
the  tissue  of  living  subterranean  rhizomes  of  Brasenia^  Raciborski  has  dis» 
covered  large,  yellow,  rhombic  crystals,  which  consist  of  a  substance  (brasenin)^ 
probably  belonging  to  the  series  of  fats,  but  not  accurately  known,  and 
that  in  the  palisade-tissue  of  Nuphar  advena  Zimmermann  has  observed 
crystalloids,  which  lie  in  the  cell-sap. 

The  secretory  elements  of  tne  Nymphaeaceae,  which  were  described  bjf 
Vesque,  though  with  some  reserve,  as  articulated  laticiferous  tubes,  and  uriiich 
had  already  been  seen,  previous  to  Vcsque's  observation,  by  Trfcnl  and 
Wigand,  are,  according  to  the  more  recent  researches  of  Van  Tieghem,  only 
laticiferous  sacs.  They  are  quite  generally  characterized  by  a  thin,  hat 
suberized  cell-wall,  and  are  found  in  the  vegetative  organs,  as  weD  as  in  the 
peduncle,  of  all  the  Nymphaeaceae,  both  in  the  parenchymatous  groond-tisBiie 
and  in  the  wood  and  bast  of  the  vascular  bundles.  The  varied  ai£Ferentiatioo 
of  the  laticiferous  sacs  is  characteristic  for  the  different  tribes  of  the  Order. 
Nuphar  (Nuphareae)  p>ossesses  laticiferous  sacs,  which  are  nearly  isodiametric, 
only  those  in  the  tissue  of  the  bundles  being  elongated ;  they  are  mosUy  placed 
singly,  and  only  rarely  in   twos  or  threes  one  above  another.     The  same 


'  According  to  Goebd  itomata  are  absent  on  the  submerged  simple  leaTet  cKNmfhmr  and  oa  Clw 
divided  leaves  of  Cmbcmia,    On  the  other  hand,  stomatA  were  fonnd  by  him  oa  Uw  pt 
sobmcrgcd  primary  kavcs  of  Nympkam  tHruim* 
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applies  to  Nelumbium.  On  the  other  hand,  in  the  Cabombeae  {Brasenia, 
Cabamba)  many  laticiferous  sacs  are  associated  together  in  long  rows.  Finally, 
the  Nymphaeaceae  (Nymphaea,  Victoria^  EuryaU)  again  possess  laticiferous 
sacs,  which  are  isolated  or  only  occur  superposed  in  small  numbers ;  they  are 
distinguished  from  those  of  all  other  Nymphaeaceae  by  their  tubular  shape 
and  their  considerable  length  (up  to  2  cm.  and  more). 

The  baiiy  covering  is  usually  present  only  on  the  young  organs, 
especially  in  the  bud-stage,  and,  as  a  rule,  is  subseauently  lost.  According  to 
Schilling^ it  consists  of  two  kinds  of  trichomes,  viz.  clothing  haks  and  mucilage- 
hairs.  The  long  clothing  hairs,  which  have  been  investigated  in  Nupharluteum^ 
Sibth.  et  Sm.  (Fi^.  12,  i4),  Nymphaca  alba,  L.,  EuryaU  ferox^  Salisb.,  and 
Victoria  regia^  Lindl.,  are  formed  by 
a  row  of  cells,  of  which  the  lowest 
two  to  three  are  short,  and  have 
their  longitudinal  walls  suberized. 
The  structure  of  the  mucilage-secret- 
ing, glandular  hairs  di£Fers.  The 
mudlage-hairs  of  Brasenia  peltaia, 
Pursh  (Fi^.  12,  B),  Cabomba  aquaiica, 
Aubl.  (Fig.  12,  C),  EuryaU  ferox, 
Salisb.,  and  Victoria  regia^  Lindl., 
agree  in  sprin^g  from  an  epi- 
dermal cell,  which  differs  from  the 
neighbouring  cells  by  its  smaller 
sixe,  and  in  consisting  of  a  basal 
part  of  two  cells  with  their  longi- 
tudinal waUs  suberized  (but  not 
their  cross-walls),  and  of  a  longer, 
mostly  dub-shaped  end-cell,  which 
secretes  mucilage  beneath  its  cuticle. 
The  terminal  cell,  moreover,  is  of 
spherical  form  in  Cabomba  aquatica, 
Drtiile  in  Brasenia  peliala  it  is  some- 
times emarginate  and  appears  forked 
at  its  extremity.  The  mucilage-hairs 
of  Nuphar  luUum,  Sibth.  et  Sm. 
(Fig.  12,  D),  have  an  essentially 
different  structure;  on  the  basal 
cell,  which  is  situated  in  the  plane 
of  Uie  epidermis,  and  in  this  case  also  is  distinguished  from  the  neighbouring 
cells  by  its  smaller  size,  there  is  inserted  a  shortly  ellipsoid  body  consisting 
of  three  short  ceUs ;  of  these  the  lower  two  have  their  longitudinil  walls 
suberized  and  must  be  called  basal  cells,  while  the  upper  cap-shaped  cell 
alone  excretes  mucilage.  The  mucilage-hairs  of  Nymphaea  alba,  L.,  and  other 
species  of  this  genus  (Fifi[.  12,  E-F)  are  raised  still  less  above  the  surface  of 
the  organ  than  those  of  Nuphar  luteum.  The  epidermal  cell,  which  ser\'es 
as  the  base  of  the  mucilage-hair,  and  the  two  adjoining  short  basal  cells 
(which  latter  are  provided  with  suberized  walls)  are  sunk  in  the  surface  of  the 
organ  so  that  only  the  short  cap-shaped,  secretory,  terminal  cell  is  raised 
above  the  surface.  Nelumbium  has  no  mucilage-hairs.  Mucilage-formation 
similar  to  that  of  the  mucilage-hairs  just  described  is  sometimes  also 
exhibited  bv  tylosis-like  hair-structures,  which  not  uncommonly  occur  inside 
the  intercellular  spaces  of  Brasenia  (Fig.  11,  C)  according  to  Schenck,  and 
occur  in  Nymphaea  according  to  Mellinek ;  in  Nuphar  they  quite  generally 
produce  false  diaphragms  (see  below)  according  to  Tr^ul. 


Fio.  I  a.  Hairy  covcHne  of  the  NynntiaeaceM.  A,  Cloth- 
ing hair  of  NupUr  Imieum^  Sibth.  ct  Sm.  BHL  IfociUfo- 
hifr^ :  B,  Brtutnim  peiimM^  Parili ;  C  Cmbom^  m^mm'^m. 
Aabl.i  D,  NupJkmr  Imiemm^  Sibck.ct  Sm.;  1-F,  NynpkMtm 
sAm^  L.— A-B,  after  SchiUiog;  F,  or^naL 
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With  regard  to  the  spines  of  Euryale,  which*  according  to  Arcangeli,  occur  in 
four  forms,  it  may  be  mentioned  that  the  fibro-vascular  tissue  sometimes  takes 
part  in  their  formation,  and  with  regard  to  the  depressions  at  the  tips  of  the  spines  of 
Victoria,  described  by  Tr^cul  as  '  osteola,'  it  may  be  stated  tnat  taccording  to 
Raciborski  they  represent  the  scars  of  mucilage-hairs,  which  have  fallen  off.  Lastly, 
the  occurrence  of  transparent  dots  on  the  leaves  of  Victoria  should  also  be  dealt  witL 
According  to  Unger,  Blenk,  and  Raciborski,  they  are  due  to  somewhat  sharply  bounded 
pits,  which  alwa3rs  run  towards  one  another  from  opposite  sides  of  the  leaL  The 
lormation  of  these  pits  is  due  to  the  dying  ofi  and  collapse  of  a  group  of  cells  of  the 
leaf -tissue  in  the  region  concerned,  at  a  time  when  complete  extension  of  the  cells 
of  the  leaf -tissue  has  not  yet  taken  place.  It  is  also  of  interest,  that  the  masses 
of  dead  tissue  become,  as  it  were,  cut  ofi  from  connexion  with  the  living  cells  of  the 
leaf-tissue,  since  the  neighbouring  cells  become  completely  grown  together  and 
thus  close  the  intercellular  spaces  towards  the  attenuated  areas  of  the  leaL  The 
physiological  significance  of  these  pits  (with  regard  to  this  see  also  Sachs,  Flora, 
1^93*  P*  6i,  and  Raciborski)  has  not  yet  been  fathomed.  Farther,  it  may  be 
remarked  that  in  old  leaves  the  pits  are  often  filled  with  Algae  and  with  a  deposit 
of  lime. 

3.  Structure  of  the  Axis.  In  the  Nymphaeaceae,  as  in  all  water- 
plants,  we  meet  with  an  abimdant  system  of  intercellular  spaces  in  the  axis. 
The  intercellular  spaces  arise  schizogenously  and  are  sometimes  provided  with  a 
peculiar  clothing  membrane,  which  is  termed  a  cuticle  by  Frank,  but  according 
to  Raciborski  has  proved  to  be  a  mucilaginous  substance  free  from  proteid 
The  arrangement  of  the  air-passages  in  transverse  section  varies.  In  Nymphaea^ 
Victoria,  and  EuryaU,  the  intercellular  spaces  are  arranged  in  drcl^  are 
separated  from  one  another  by  multiseriate  bridges  of  tissue,  and  are  traversed 
by  true  tissue-diaphragms.  In  Nuphar^  on  the  other  hand,  they  have  a  more 
reticulate  distribution ;  the  bridges  of  tissue  between  them  are  only  uniseriate, 
and  true  diaphragms  are  absent.  In  place  of  the  latter,  false,  loosely  con- 
structed diaphragms  are  found  in  Nuphar,  as  Tr^cul  had  already  observed ; 
these  arise  as  follows :  the  cells  forming  the  walls  of  the  intercdUular  spaces 
grow  out  into  internal  hairs,  which  branch  dichotomously  and  secrete  mucilage, 
and  the  contiguous  walls  of  these  hairs  then  stick  together. 

In  the  arrangement  of  the  vascular  bundles  in  the  stem  the  members  of 
this  Order  recall  the  Monocotyledons.  The  vascular  bundle^  which  are  present 
in  smaller  or  larger  number,  are  generally  arranged  in  an  irr^ular  maimer  in 
the  transverse  section  ;  cambial  activity  is  wantmg.  As  regards  the  stincture 
of  the  vascular  bundles,  it  should  be  mentioned,  that  true  vessels  do  not  occur 
(Caspary) ;  the  spirally  and  annularly  thickened  elements,  which  attain  a  coo* 
siderable  length  (sometimes  5  inches),  are  only  tracheides.  These  tracheides 
are  commonly  destroyed  by  the  formation  of  schizogenous  air-passages,  as  in 
other  water-plants  and  in  the  Monocotyledons,  so  that  the  vascular  bundk 
then  often  consists  only  of  the  intercellular  passage  and  a  bundle  of  phloem. 
Sclerench}anatous  elements  are  not  difierentiated  in  the  vascular  Dundles. 
Only  Nelumbium  possesses  a  sclerenchymatous  bundle-sheath  (Van  Ti^hem). 
The  double  vascular  bundles,  present  in  certain  Nymphaeaceae  and  in  certain 
organs,  arise  by  the  confluence  of  two  vascular  bimdles  with  their  xylem- 
groups  directed  towards  one  another ;  a  poljrstelic  vascular  system  arises  by 
the  union  of  more  than  two  vascular  bundles  into  a  group,  in  whidh  case  also 
the  xylems  are  directed  towards  one  another. 

According  to  Van  Tieghem  double  vascular  bundles  occur  exclusively  in  the 
rhizome  and  petiole  of  Brasenia  and  Cabomba  (Cabombeae),  while  in  the  peduncle 
the  (three)  vascular  bundles  are  simple,  normally  orientated,  and  arranged  in  the 
form  of  a  regular  triangle.  In  Nupnar  and  Barclaya  double  vascular  bundles  are 
absent ;  in  the  rhizome,  petiole  ana  peduncle,  only  isolated  simple  vascular  bundles 
with  normally  orientated  wood  and  bast  occur.  The  vascular  bundles  show  MmiUr 
features  in  the  rhizome  of  EuryaU,  Victoria^  and  usually  also  (see  Gwynne*Vaagbaa) 
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of  Symphaea^  while  in  the  petiole  and  peduncle  of  these  genera  double  vascular 
bundles  as  weQ  as  simple  normally  orientated  bundles  are  developed.  Lastly. 
Ndutmbiwm  has  in  its  rhizome  petiole  and  peduncle  two  kinds  of  simple  vascular 
bundles,  the  one  kind  normally,  the  other  mversely  orientated,  the  latter  having 
the  ^ikMsm  inwards. 

In  connexion  with  this  the  foUowing!  points  should  also  be  mentioned  as  to  the 
position  of  the  double  vascular  bundles  m  the  Cabombeae.  A  transverse  section 
of  the  interoode  shows  the  vascular  system  in  the  form  of  two  arcs,  which  are 
convcdy  carved  on  the  outer  side  and  each  enclosed  by  a  separate  endodermis  (these 
are  the  double  bundles).  Each  of  these  azxs  consists  of  two  vascular  bundles 
fused  by  means  of  their  xylem-groups,  which  occupy  the  middle  portion  of  the  arc, 
while  each  of  the  flanks  of  the  arc  is  occupied  bv  one  of  the  two  pmoem-groups.  The 
oontiguous  primary  xvlem-groups  of  the  two  fused  vascular  bundles  in  the  middle 
of  the  arc  are  rei^acea  by  a  cavitv  (see  above).  In  the  node  each  arc  resolves  itself 
into  two  vascular  bundles.  With  regard  to  the  further  course  of  the  bundles  it  is 
sufficient  here  to  refer  to  Van  Tieghem.  On  the  other  hand  it. may  be  added,  that 
the  petiole  contains  a  double  vasoilar  bundle,  which  corresponds  m  shape  with  an 
arc  of  the  vascular  system  of  the  intemode  of  the  stem. 

Polystely  has  been  found  by  Gwynne-Vaughan  in  the  primary  stolons  of 
Nympkasa  fiava  and  N.  tuberous 

Utentsre:  Mirbel«  Ann.  Mm.,  t  xiii,  1809,  P*  465.— Meyen,  Phjtotomie,  1830,  p.  aoi.  Tail  !▼. 
— Mqrcn,  I%jiiol.,  i,  1837,  p.  sii.^Hoffmann,  Lixmaea,  Bd.  xiii,  1839,  P*  291.— Schleiden,  Wie^ 
maim  Arch.  ▼,  1839,  p.  230. — Eodlichfr  a.  Unger,  Gnindz.  der  Bot,  Wien,  1843,  p.  9a,  Fi|;.  94. — 
Tr^cvl,  Kmfhmr  ImUmm^  Ann.  tc  nat,  s^.  3,  t.  It,  1845,  p.  a86  and  pis.  10-13. — Unger,  Anat  a. 
Phyt..  181469  p.  135.— Lindky,  Veg.  Kingd.,  1846,  p.  413,  Fig.  a89.^Heiifre3r,  Anat.  of  the  stem 
of  VkUnm^  Philoaoph.  Trantact.  185a,  p.  389.— Ti^col,  Et.  anat.  et  org.  sar  U  Vutcria  regia  et 
anat.  oonp.  do  Nthimhmm^  dn  Nufiar  et  de  la  Vutcria,  Ann.  ac  nat,  i^r.  4,  t.  i,  1854,  p  144, 
pU.  ia-i4.~UBgcr,  Org.  d.  Bl.  dcr  Vutoria  rtgia^  Sitz..Ber.  Wiener  Akad.,  Bd.  xi,  1854,  pp.  1006- 
1014.— Caspary.  Floca  1857,  p.  717,  and  BoC  Zett.  1857,  p.  791 — Caspary,  Flora  1859,  p.  118.— 
Caapaiy,  BcriiDer  Mooatabcr.  i86a,  p.  464  et  acq.— Wijnnd,  NehtmMmm^  Bot.  Zeit  1871,  p.  813.— 
BaiUoo,  In  Hiat  dct  pL,  t  Ui,  187a,  p.  95.— De  Bary,  Vergl.  Anat^  i  S77.— Areichoag,  Mfameaakrift, 
Land,  1878,  p.  93  cC  aeq. — Hedttl,  Compt  rend.,  t  Ixxxix,  1879,  P-  75^* — Vetqne,  Noiit.  Arch.  Moa. 
dliiac.  nat,  a^.  a,  t.  hr,  i88i^p.  51-3  and  pL  a.^Molisch,  Oeaterr.  bot.  Zdtachr.  i88a^p.  383-5. 


— H.  Scbenck,  Ccntrifagale  WandTerd.  etc.,  Dias.,  Boon,  1884,  P*  3<^  et  aea— Blenk,  Flora  1884, 
p.  100  et  aeq.,  aeparate  copy,  pp.  14-16. — Cnatantin,  Stxnct  dea  woillea  dn  Nympkoia  rubra  et  dn 
/>ftifb^  htimmt  BnU.  Soc  bot.  de  France  1885,  p.  zr.^Van  TWfacm,  Stma.  dea  Cabomb^ 
B«U.  Soc  bot.  de  France  1885,  pp.  38o-3.^Van  Tieghem,  Apparetfa^cr^tenr  et  affinity  de  atmc- 
tore  dct  N.,  BoIL  Soc.  hot  de  France  1886,  pp.  7a-d.--Caapary,  in  NatiirL  Pflanrenfim.,  iii.  Teil, 
Abe  a,  1888,  p.  a.— Sducnk,  Hiatol.  of  the  TegeL  m,  of  Bratmia  ftliata.  Boll.  Torr.  boL  Club 
1888,  p.  773  et  aeo.,  pla.  77,  78.— Wigaod,  Nthumbmm^  BibL  bot,  Heft  11,  Caaael,  1888,  63  pp. 
and  6  Tab.— Fetit,  Fmolc^  Act  Soc  Linn,  de  Bordeaux,  t  xliii,  1880,  pp.  lo,  ao.— Arcuigcli,  Emer- 
gcBse  e  apine  ddl'  EwjaU  e  dadoadereidi  delle  N.,  Nbot.  Giom.  bot  ItaL,  toL  ndi,  1890,  p.t  a66 
et  aeq.,  and  Foglie  delle  piante  acqnatiche,  etc,  loc  cit,  p.  4^1  et  aeq.,  alao  toL  zzi,  1S89. — Zimmer- 
flaaui,  PihnienirHe,  Heft  a,  1891,  p.  158.— Ida  Keller,  GUnd.  haira  of  Brasenia^  Proceed.  Acad,  of 
nat  ac  of  Philadelphia,  Part  I,  i893.--Goebel,  FflanaenbioL  Schild.,  U,  Lief.  1, 1893,  pp.  a3a,  a4a, 
and  Tab.  xxsd.  Fig.  i.— Schilling,  Schleimbildon^,  Flora  1894,  pp.  a8i-3ia— Radboraki,  Bdtr.  a. 
KcoBln.  d.  Caboow.  n.  Nymphacac,  Flora  189^  ug.-Bd.,  p.  9a  et  aeq. — Gwynne-Vanghan,  Polystely, 
Amu  of  bot,  vol.  z,  1896,  pp.  a89-9i  and  034,  6aft. — A  Richter»  Paendolotoablnme,  Termeazetr. 
^^i'c*^  i^«  P*  379  ^  *<<)•«  *>><1 1*^*  ^* — [Gwynne>Vanghan,  Some  pointa  in  the  mocph.  and  anat 
of  N.,  Txanaact.  Linn.  Soc  Bot.,  1897,  PP*  *^7-99t  pl*»  ai-a.] 

SARRACENIACEAE^ 

The  anatomical  features  of  this  bidogically  interesting  Order  of  plants  will 
only  be  discussed  here  in  so  far  as  corre^nds  with  the  object  of  this  book. 
For  the  remaining  facts  the  literature  cited  may  be  referred  to. 

The  asddiform  leaves  give  a  characteristic  appearance  to  the  whole  Order. 
According  to  Goebel's  investigations  the  entire  leaf-rudiment^  with  the  exception 
of  a  lower  portion  of  it«  takes  part  in  the  formation  of  these  ascidia.  Their 
anatomical  structme  is  best  known  in  Sarracenia^  in  which  the  pitchers  possess 
a  lid-like  terminal  part  shaped  like  a  standard.  The  outer  side  of  the  tube 
thofws  littte  that  it  noteworthy ;  in  the  chlorophyll-bearing  epidermis  stomata 
an  foaods  farther, ^ands  occur  here,  which  wiU  be  described  more  folly  below, 
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and  small  scattered  hairs  are  found.  On  the  inner  surface  of  the  tube  (Fig.  13, 
A )  four  zones  are  clearly  distinguished.  Firstly,  the  '  glandular  zone '  {a\  whidi 
occupies  the  inner  part  of  the  hd  ;  in  this  the  chlorophyll-containing  epidermis 
includes  stomata,  and  bears  long  imicellular  hairs,  which  are  directed  downwards, 
and  filled  with  air,  and  appear  longitudinally  striated  in  consequence  of  the 


.13.    Anatoaiicalfeataresof  the  TCiieni5^rra0m^Z>«r£^ii^#tf^^ 
▼iew  of  the  inner  wall  of  the  pitcher  of  Sarractma  variolariM.  B,  Gland  of  Sarrmetnia  from  the  ali] 


Fig. 


K  DtacranaBatk 

_  _         he  alipperj  Boae  ia 

Mrface-vif^.  c,  Gland  of  Sarraunia  ia  •ection.  i^^  and  F-<2,  Glands  of  Darlingiomim,  |i,  Manj-cdMlglaod  of 
Hsliamphora  mUan*^  Bcoth.— a  and  D-Q,  after  Madiarlaiie  {  »-c,  after  Godwl ;  B,  after  Krafft 

wrinkling  of  their  cell-walls;  numerous  honev-excreting  glands  occur  here, 
especially  towards  the  lower  limit.  The  glandular  zone  is  foUowed  by  the  *  slip- 
pery zone '  (6),  which  in  surface  view  has  tiie  appearance  of  a  tiled  roof  or  a  Ia3^er 
of  nsh-scales  (Fig.  13,  B) ;  that  is  to  say,  it  consists  of  cells,  the  downwardly 
directed  projections  of  which  overlap  one  another  like  the  tiles  of  a  roof ;  in  this 
slippery  zone,  on  which  no  insect  can  get  a  foothold,  both  hairs  and  st<»nata 
are  absent,  but  more  or  less  numerous  glands  are  present.  The  third  xone, 
of  a  dull  appearance,  and  occupying  the  greater  part  of  the  tube,  is  the  '  eel- 
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trap-zone '  (c),  in  the  epidennis  of  which  are  inserted  long  straight  needle- 
shaped  hairs,  which  spring  from  an  oblique,  thick-walled,  polygonal  or  eUipsoid 
base,  and  have  their  points  directed  downwards ;  between  them  glands  are  also 
found,  but  no  stomata.  The  fourth  and  lowest  zone  of  the  tube  has  a  smooth 
epidermis  without  glands,  stomata,  or  hairs.  Between  the  slippery  zone  and 
the  eel-trap-zone  still  another  zone  is  intercalated  in  certain  species,  e.g. 
5.  purpurea ;  it  is  characterized  by  its  glossiness,  and  it  possesses  neither  hairs 
nor  stomata,  but  abundant  glands. 

The  following  facts  must  be  mentioned  with  regard  to  the  structure  of  the 
glands  in  Sarracenia  (Fi§.  13,  B-C).  They  are  in  general  spherical,  with  a 
neck-like  narrowed  part  directed  outwards,  and  are  thus  roughly  of  the  shape  of 
a  laboratory  flask  with  a  short  neck  ;  they  belong  to  the  leaf-tissue  itself,  and 
are  not  differentiated  as  hairs.  In  the  plane  of  tiie  epidermis  they  consist  of 
six  cells ;  of  these  the  two  central  ones,  which  are  narrowed  inwards  like  wedges, 
appear  semicircular  or  rounded-triangular,  when  seen  from  the  surface,  and 
resemble  guard-cells ;  around  them  are  placed  the  other  four  cells.  The  chief 
I>art  of  the  gland  lies  below  the  epidermis  and  consists  as  a  rule  of  sixteen  cells, 
which  are  arranged  in  two  tiers,  separated  from  one  another  by  reticulately 
thickened  transverse  walls.  It  should  be  pointed  out  that  the  glands  are 
separated  from  the  remaining  tissue  by  a  cuticularized  lamella. 

The  ascidiform  leaf  of  DarlingUmia  has  its  upper  part  arched  like  a  helmet* 
and  bears  an  appendage  like  a  fish's  tail ;  it  shows  anatomical  features  analogous 
to  those  of  Sarracenia.  It  need  only  be  noted  that,  apart  from  the  helmet,  the 
whole  of  the  inner  side  of  the  tube  is  destitute  of  glands.  These  latter  also  are 
much  more  simply  constructed  than  in  Sarracenia  \  in  the  glands,  which 
in  general  have  the  same  structure  as  in  Sarracenia^  the  tiers  are  mostly 
one-celled,  more  rarely  two-  or  three-celled  (Fie.  13,  D-G), 

In  the  third  genus  of  the  Order,  Heliamphora  (Fig.  13,  H)^  which  is  charac- 
terized by  ascidiform  leaves  with  a  wide  opening  and  a  small  spoon-shaped 
apypendage,  the  characteristically  constructed  slippery  zone  is  wanting  accoroing 
to  the  descriptions  of  Goebel,  Macfarlane,  and  Krafft.  In  the  tube  of  Heliam- 
phora an  additional  and  specially  remarkable  fact  is  that  the  eel-trap-zone 
contains  strongly  elevated  stomata  (Krafft).  Glands  of  three  kinds  are  foimd  in 
Heliamphora :  firstly,  the  same  kind  of  glands  as  in  Sarracenia  on  the  inner  side 
of  the  lid-portion  (i.e.  the  upper  free  part  of  the  pitcher,  which  adjoins  the 
spoon-shaped  appendage)  and  on  the  entire  outer  surface  of  the  ascidiform 
leaves ;  secondly,  glands  of  more  numerous  cells,  which  are  simply  glands  of  the 
Sarracenia  type  enlarged  by  cell-division,  and  occurring  in  the  same  regions ; 
thirdly  and  lastly,  large  multicellular  glands  (of  several  hundred  cells) 
occurring  on  the  inner  side  of  the  spoon-shaped  appendage  (Fig.  13,  H). 
According  to  Krafft,  all  the  glands  of  Heliamphora  are  aeveloped  each  from  one 
epidermal  cell.  With  regard  to  the  hairy  covering  of  Heliamphora^  it  must  be 
added  that  the  iimer  surface  of  the  lid-portion  beans  conical  uniccJlular  hairs 
with  ridge-like  thickening  of  the  waU  at  regular  intervals,  which  converge 
towards  the  tip  of  the  hair,  and  that  on  the  outer  side  of  the  pitchers  simple 
uniceUular  trichomes  occur,  some  of  which  are  sunk  in  the  epidermis  in 
adjacent  pairs. 

To  pass  to  the  remaining  anatomical  features  of  the  Order,  which  come 
tinder  consideration,  it  should  be  mentioned  (a)  that  the  stomata  are  not  accom- 
panied by  any  special  subsidiary  cells  \  (b)  that  the  mesophyD  is  formed  for  the 
most  part  of  a  sponey  tissue,  consisting  of  large  chlorophyll-containing  cells 
with  large  intermluJar  spaces,  a  denser  small-celled  tissue  being  developed 

'  Whh  regard  to  the  development  of  the  stomatm,  Vetqiie  ttates  that  the  mother  cell  of  the  pair 
ei  gaanl-«eUs  b  eat  off  by  the  first  diTiiioa-wall,  as  in  the  Ranancalaceae,  and  that  CsNDcadcs  with 
the  Initial  eelL 
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only  immediately  below  each  epidermis,  and  (c)  that  the  vascular  bundles  are 
accompanied  on  both  sides  by  groups  of  hard  bast,  or  are  enclosed  by  a  ring  of 
bast-fibres.  Internal  secretory  organs  have  not  been  observed  in  any  memoer 
of  the  Order. 

Excretion  of  oxalate  of  lime  has  been  met  with  in  the  mesophyll  of  HeUam- 
phora  only,  in  the  form  of  clustered  crystals  (KrafEt).  Vesque  mentions  the 
absence  of  oxalate  of  lime  in  the  Sarraceniaceae  investigated  by  him. 

Literatare :  Oademans,  Bekerplanten,  Groningen,  1863  and  1864,  d  Bot  Zdt  1864. — Vogl,  BlatL 
d.  Sarrac,  purpurea,  Sitz.-Ber.  Wiener  Akad.,  Bd.  1,  Abt.  1,  1865,  pp.  381-300  and  Ta£  i,  &— 
MelUchamp,  Sarracenia  violaria,  Proceed.  Americ  Assoc,  for  the  advancem.  of  Sc,  Meet  t  Hait- 
lord,  1874,  Salem  1875,  PP*  "3-33-— D«  Bary,  VergL  Anat,  1877,  p.  73.— Knitz,  Verb.  bot.  Ver. 
d.  Mark  Brandenbnrg,  Bd.  zz,  1878,  pp.  5-26.— Bataiin,  FnncL  d.  Epid.  in  d.  SchL  too  SturtumU 
n.  Darlingtonia,  AcU  Hort  Petropolit.,  t.  vii,  1880 ;  see  Jnst  1880, 1,  p.  336.— Sdiimper,  Hot.  Zeit. 
1 88a,  p.  aac  et  seq. — ^Vesque,  Noqt.  Arch.  Mua.  d*hist  nat,  s^.  a,  t.  t,  i88a-3,  pp.  303-5.— 
Heckei  et  Chareyre,  Organisat.  anat.  des  aacidies  dans  Ics  genres  Sarraama^  etc.,  Compt.  rend.  1885, 
t.  i,  pp.  57Q-8a. — Zipperer,  Beitr.  z.  Kenntnis  der  S.,  iSss.,  Erlai^en,  1885,  34  pp.  with  plate.— 
Goebei,  P£anzenbiolog.  Sdiild.,  Teil  ii»  I,  1891,  pp.  73-93,  see  Tab.  xix-zziL  —  Wnnsdunaim, 
in  NatiirL  Pfianxenfam.,  iii.  Teil,  Abt  a,  1891,  pp.  346,  347.^Mac&rlane,  Pitcheied  inaectinxoas 
plants,  Part  II,  Annals  of  Bot.,  vol.  Tii^  1893,  pp.  400-ao  and  pL  xix. — Krafft,  Beitr.  u  Kenotn. 
der  S.-Gatt  Heliamphora,  Diss.,  Erlangen,  1896,  31  pp. 

PAPAVERACEAE. 

1.  Review  of  the  Anatomical  Features.  The  lack  of  glandular  haixs 
and  of  special  subsidiary  cells  accompanying  the  guard-cells  is  characteristic  of 
the  Order;  further,  the  occurrence  ot  simple  perforations  in  the  ve^els  and  of 
wood-prosenchyma  with  simple  pits  in  tlie  woody  species.  Secretory  <»gans 
producing  a  milky  substance  are  widely  distributed  in  the  Papaveraceae;  the 
nature  of  these  organs,  i.e.  whether  articulated  laticiferous  tubra  or  only  Litid- 
ferous  sacs,  can  be  employed  for  characterizing  and  distinguishing  the  gaiera. 
The  scanty  hairy  covering  is  formed  by  multicellular  uniseriate  simple  hairs  or 
by  biseriate  or  multiseriate  shaggy  hairs.  Oxalate  of  lime  has  be^  observed 
only  in  Bocconia^  where  it  has  the  form  of  clustered  crystals. 

2.  Structure  of  the  Leaf.  On  this  subject  the  following  points  shook! 
be  mentioned  according  to  the  statements  of  Vesque  and  iL^er.  The 
mesophyll  is,  as  a  rule,  bifacial  in  structure.  It  b  of  homogeneous  nature  vrith 
more  or  less  distinct  development  of  palisade-tissue  in  Papaver  samniferum^  L., 
MeconeUa  oregatta,  Nutt.,  M.  califomica^  Torr.,  and  Plafysiigma  Uneare^  Boith. 
In  Eschscholtzia  califomicay  Cham.,  and  E.  tenuifolia^  B^th.,  palisade-tissue  is 
found  on  both  sides  (L6ger).  The  epidermal  c^s  have  stniight  or  undulated 
lateral  walls.  According  to  Vesque,  the  epidermal  cells  of  Glaudum  comiculaium 
exhibit  peculiar  thickenings  of  their  lateral  walls;  according  to  Mger,  the 
epidermis  of  the  lower  side  of  the  leaf  is  slightly  papillose  in  Sanguinaria  catuh 
densis,  L. ;  in  Dendromecon  rigidum,  Benth.,  the  epidermal  cells  on  both  sides 
of  the  leaf  are  produced  into  conical  papillae.  A  coating  of  wax  is  not  uncom- 
monly present  on  the  surface  of  the  leaf,  e.g.  in  Boccanta  cordata^  Willd.  The 
stomata  are  surrounded  in  an  irrqnilar  manner  by  several  ordmary  epidennal 
cells,  and  occur  either  on  both  sides  of  the  leaf,  or  only  on  the  lower  side. 
According  to  Vesque,  their  development  is  the  same  as  in  the  Ranunculaceae. 
The  pair  of  guard-cells  does  not  always  possess  the  usual  elliptical  outline ;  not 
uncommonly  (Hunnemannia  fumariaefolia^  Sweet,  EschschoUxia  califamica  and 
E.  tenuifolia)  the  outline  is  polygonal,  according  to  L6ger.  In  Papaver  somni^ 
ferum^  P.  orientale  and  others,  several  water-pores  grouped  together  are  situa- 
ted on  the  leaf-teeth  in  a  smsdl  hood-like  depression  of  the  lower  surface  of  the 
leaf.  The  vascular  bundles  of  the  smaller  veins  of  the  leaf  are  embedded  in  the 
mesophyll,  and  possess  no  sclerenchyma. 
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With  res^ard  to  the  petiole,  which  has  been  investigated  in  species  of  Boc- 
amia^  Cheliaonium^  EschschoUxia  and  Papaver^  it  should  be  stated,  that  its 
transverse  secticm  in  the  characteristic  region  ('  caractdristique  ')  shows  isolated 
vascular  bundles  arranged  in  the  form  of  a  horseshoe. 

Crystalline  deposits  of  oxalate  of  lime  are  rare  in  the  Order.  They  have 
so  far  been  observed  only  in  Bocconia  fruUscens^  where  they  occur  in  the 
form  of  clustered  crystals. 

The  baiiy  covering  is  likewise  scanty.  Firstly,  there  occur  simply 
uniseriate  trichomes  {Ckelidonium,  Glaucium^  Roemeria),  A  special  form 
of  these  is  presented  by  the  hairs  found  by  L6ger  in  Glauctum  luUum^ 
Scop.,  which  consist  of  a  row  of  short  cells  and  terminate  in  a  spherical  ceU, 
which  is,  however,  not  glandular.  The  uniseriate  trichomes  of  sp)ecies  of 
Glaucium  and  Roemeria^  owing  to  lon^tudinal  division  of  their  lower  cells, 
sometimes  show  transitions  to  the  bisenate  or  multiseriate  shaggy  hairs,  which 
have  been  observed  in  species  of  the  genera  Bocconia^  Meconopsts,  Papaver^ 
PlatysUman^  Platysiigma^  and  Roemeria.  These  shaggy  hairs  are  very  frequently 
jagged  or  fiiiely  toothed,  owing  to  papillose  development  of  their  epidermal 
cells.    Glandular  hairs  have  not  been  observed  in  a  single  member  of  the  Order. 

The  occurrence  of  secretory  organs  producing  latex  is  widely  distributed  in 
the  Papaveraceae.  We  owe  the  most  recent  investigation  of  them  to  L6ger,  who 
has  traced  them  in  the  genera  Papaver^  Ar^emone^  Meconopsis^  Roemeria^  PUUy- 
steman^  Ckelidonium^  Glaucium^  Bocconia^  Sanguinaria^  and  EschschoUxia.  His 
voluminous  treatise,  however,  is  not  wholly  satisfactory,  as  he  gives  too  super- 
ficial an  account  of  the  morphological  nature  of  the  latex-producing  elements, 
without  subjecting  the  better  statements  of  the  older  literature  to  a  critical 
examination.  Consequently  in  the  following  description  I  prefer  to  place  the 
results  of  the  dder  work  in  the  foreground,  and  to  emphasize  the  fact,  that  a 
re-investigation  of  the  latex-producing  organs  of  the  Papaveraceae  would  in  no 
way  be  superfluous. 

The  nature  of  the  latex-producing  organs  varies ;  they  are  either  true 
articulated  laticiferous  tubes  (laticiferous  vessels),  in  which  the  cross-walls  and 
lateral  walls  may  sometimes  be  furnished  with  sieve-plates,  or  they  are 
laticiferous  sacs.  The  secretory  elements  of  Papaver^  Argemane,  Roemeria,  and 
Chelidonium  belong  to  the  category  of  articulated  laticiferous  tubes,  and 
according  to  L^er,  this  probably  also  applies  to  those  oi  Mtconof>sis  and  Platy- 
steman;  the  secretory  organs  of  Bocconia^  Glaucium^  Sanguinaria,  EschschoUxia^ 
and  Hypecoum  are  laticiferous  sacs.  The  nature  of  the  secretory  elements  of 
Cathcartia  and  Sfylophorum^  in  which  Bentham  and  Hooker  mention  a  '  succus 
flavxis,'  has  still  to  be  determined.  Among  the  articulated  laticiferous  tubes  two 
types  may  be  distinguished.  The  first  of  these  is  found  in  Papaver,  Roemeria, 
and  Af^^emone^  and  consists  of  tubes,  which  arise  by  the  fusion  of  elongated 
cells.  They  only  rarely  have  recognizable  remains  of  the  cross-walls  in  the 
mature  condition,  and  they  anastomose  more  or  less  abundantly  with  one 
another.  The  second  type  is  represented  by  Chelidonium  and  is  characterized 
by  the  fact  that  the  transverse  walls  are  alwa3rs  provided  with  one  or  several 
large  perforations  in  their  central  region  only,  while  their  marginal  part  is 
retained  ;  anastomoses  are  absent.  'Die  laticiferous  sacs  have  delicate  walls, 
and  are  roundish  or  cylindrical,  more  or  less  elongated  cells,  which  either  occur 
isolated  or  are  arranged  in  longitudinal  rows.  As  regards  the  position  of  the 
laticiferous  secretory  organs  of  the  Papaveraceae,  it  need  only  be  briefly  men- 
tioned, while  referring  to  L6ger  for  more  detailed  statements,  that  these 
elements  belong  exclusively  to  the  vascular-bundle-system  in  Papaver,  Arge- 
mane^  Platystemon,  and  Roemeria,  and  also  in  Meconopsis,  at  any  rate,  in  the 
root  and  branch,  while  in  the  remainder  of  the  genera  investigated  they  are 
also  met  with  outside  the  vascular  system. 
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The  contents  of  the  laticiferous  elements  are  very  diverse,  according  to 
Leger  and  others.  They  are  alwajrs  milky,  opaque,  and  at  the  same  time  white 
or  yellow  in  colour  in  Papaver,  Argemone,  MeconopsiSf  Roemeria^  and  Chelidonium ; 
in  the  branch  of  Platystemon  they  are  for  a  time  colourless.  In  Bocconia  cordaia 
the  contents  are  clear  and  red  at  a  young  stage,  and  in  certain  parts  of  the  plant ; 
subsequently  they  become  yellow  and  turbid.  The  contents  of  the  searetory 
organs  of  Sanguinaria  canadensis  are  blood-red  but  milky.  In  daucium  the  latex 
is  at  first  clear  and  red,  afterwards  golden  yellow  and  turbid ;  it  is  just  the  same  in 
Eschscholtzia.  In  most  Papaveraceae  (Papaver,  Argemone,  Meconopsis^  Platystemon, 
Roemeria,  Chelidonium,  Sanguinaria,  Bocconia)  the  latex  persists  during  life ;  in 
Eschscholtzia,  on  the  contrary,  it  disappears  at  least  in  part  in  the  fuUy  grown 
organs.  Lastly,  it  may  also  be  mentioned  here  that  Scott  demonstrated  the 
presence  of  nuclei  in  the  laticiferous  elements  of  Chelidonium ;  this  was  the  fint 
demonstration  of  nuclei  in  articulated  laticiferous  tubes. 

3.  Structure  of  the  Axis.  Of  the  structure  of  the  axis  only  little  is 
known.  De  Bary  includes  Papaver  among  the  genera  with  medullary  bundles, 
while  the  remainder  of  the  Papaveraceae  (see  £6ger)  have  a  simple  ring  of  vas- 
c'llar  bundles,  between  which  the  interfascicular  tissue  usually  (exceptions : 
Dendromecon  and  Hunnemannia,  according  to  L6ger)  becomes  lignified.  TTie  leaf- 
trace-strands  are  arranged  in  several  rings  in  Papaver ;  growth  in  thickness 
does  not  take  place  in  them  ;  their  structure  is  usually  collateral,  sometimes 
(P.  umbrosum,  according  to  Mobius)  in  part  concentric,  with  central  phloem  or 
xylem. 

The  structure  of  the  wood  has  been  investifi^ated  in  somewhat  greater  detail 
in  Bocconia  and  Dendromecon.  The  wood  of  both  is  characterized  by  simple 
perforations  in  the  vessels,  by  3-5-seriate  medullary  rays  and  by  simply-pitted 
wood-prosenchyma.  In  Dendromecon  rigidum^  Benth.,  the  pitted  vessels,  which 
have  rather  narrow  lumina,  are  provided  with  a  spiral  band.  As  to  the  structure 
of  the  cortex,  it  should  be  noted  that  according  to  L^erthe  pericyde  is  usually 
sclerenchymatous  (exception  :  rhizome  of  Sanguinaria  canadensis),  and  that 
the  endodermis  is  scarcely  distinct. 

Literature :  Anonymus,  Bot.  Zeit.  1846,  p.  853. — Hanstein,  Milchsafti^ef.,  Berlin,  1864,  pp.  18  9ad 
77  et  S4q. — Dippel.  Kntsteh.  d.  Milchsaftgcf.  etc.,  Nienwe  Verhandel.  yan  het  Bataa6ch  GeaooCich. 
d.  Proefondervindel.  Wijsbeg.  te  Rotterdam,  1865. — Tr^cnl,  Lact.  dans  let  P.,  CompL  rend.,  L  Ix, 
1865,  p.  522  ct  seq.  (Adansonia,  t.  vii,  pp.  145-53). — Vogl,  Beitr.  i.  Kenntn.  d.  Milcfasaftor]g.  d. 
PH.,  Prirgsheim  Jahrb.,  Bd.  v,  1866-7,  p.  31  et  seq. — Delbroack,  Pflanzenttacheln,  Hantteuiv  BoL 
Abh.,  1  d.  ii,  1875,  pp.  33f  34-— l^c  Bary,  Vergl.  Anat.,  1877,  especially  p.  450.— Sc»tt,  Zar 
Entwukelungsgescb.  der  gegl.  Milchrohr.  d.  Pfl.,  Diss.,  Wurzburg,  1881.— Michalowsld,  Beitr.  l 
Anat.  n.  Entwickel.-Gesch.  von  Papaver  somniferum.  Diss.,  Breslan,  1881. — Veaqpe,  Noht.  Arch. 
Mas.  d'hist.  nat.,  t.  v,  1882-3,  pp.  295-8  and  pi.  18.— Solereder,  Holzstrnktnr,  1885,  p.  6f. — Plitt, 
Blatt^tiel,  Diss.,  Marburg,  1886,  pp.  22-4.— Heinricher,  Eiweissachlanche  der  Ciudferen,  etc, 
Mitteil.  bot.  Inst,  zn  Graz,  Bd.  i,  1886,  p.  47  and  Taf.  iii^Moebius,  Concentr.  Biindel,  etc,  Sitz.- 
Her.  Deutsch.  bot.  Gescllsch.  1887,  p.  12.— Volkens,  Aegypt.-arab.  WiiitjB,  1887,  pp.  89,  90  and 
Taf.  vi  and  xv.  —  (Marcatili,  I  vasi  latiferi  cd  il  sistema  assimilatore,  in  Annuario  R.  M.  bot. 
di  Roma,  Anno  iii,  fasc.  i,  1887,  p.  17.)— Petit,  Petiole,  in  M^m.  Soc  tc.  phys.  et  oat.  de  Bordeau, 
s^r.  3,  t.  iii,  1887,  pp.  312,  313  and  pi.  v.— .Dchmel,  Beitr.  r.  Kenntn.  der  Milchsaftbeh.,  Disa, 
Erlangen  and  Uegnitz,  1889,  pp.  15  and  22.— Prantl  n.  Kiindig,  Natiirl.  Pflansenfam.,  iii.  Teil, 
Abt.  2,  1889,  p.  131.— Bonnier,  Obs.  sur  les  Papav^racto  etc.  de  la  Flore  de  France,  Reme  geo^. 
de  Hot.,  t.  ii,  1890,  p.  447  et  seq. — L^ger,  Lacticiferes  des  Glaucium,  etc,  BulL  Soc  Linn,  de 
Normandie,  si^r.  4,  t.  v,  1801,  pp.  124-36. — L^ger,  Latex  des  Papav^racdes,  A!«oc  fran^.  etc,  Coo- 
gr^  de  Marseille,  1891. — Battandier,  Fumarbe  dans  nne  P.,  Compt  rend.,  L  czir,  180a,  p.  if  ai  — 
I  lot.  Zone  pcrimWuUairc,  Ann.  sc  nat,  scr.  7,  t.  xviii,  1893,  d.  78. — L^ger,  Appareil  vi^g^Catif  del 
P.,  M^m.  Soc.  Linn,  de  Normandie,  t.  xviii,  1894-5,  pp.  195-623  and  pU,  x-xix.---[Bastin,  Stmctwe 
o{  Sanguinaria,  American  Joum.  of  Pharmacy  1895,  p.  4  et  seq] 

FUMARIACEAE. 

The  anatomical  works  dealing  with  the  representatives  of  this  Order 
(which  consists  solely  of  herbaceous  plants)  are  for  the  most  part  only 
concerned  with  the  peculiar  idioblasts  or  Becretory  cdit»  which  are  best 
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denoted  (to  follow  Heinricher's  example)  by  the  indefinite  name  '  sac-cells.' 
These  sac-cells,  which  fonn  a  characteristic  feature  of  the  Order,  were 
observed  by  Zopf  in  the  different  vegetative  and  reproductive  organs 
of  numerous  species  {Corydalis  cavcL,  C.  i>umilaf  C.  Hatleri,  C.  ochroUuca^ 
C.  luUOy  Dicenira  spectabilis^  D,  fonnosay  Adlumia  cirrhosa^  Fumaria  muralis 
and  F,  officinalis)^  and  almost  simultaneously  by  Heinricher  in  the  mesophyll 
of  the  leaf  of  Adlumia  cirrhosa,  Raf.,  Corydalis  rosea,  Zeyh.,  and  C.  capnoides, 
Pcrs.  Besides  Zopf  and  Heinricher,  L6ger  also  has  recently  been  engaged  in 
a  series  of  investigations  on  the  secretory  elements  in  question.  The 
sac-cells  are  more  or  less  elongated  cells,  some  of  which  attam  a  len^h  of 
2-10  nun. ;  they  have  colourless  or  yellow  or  red  contents.  They  occur  m  the 
cortex,  in  the  interfascicular  tissue,  and  in  the  pith  of  the  branches  as  well  as  in 
the  mesophyll.  The  long  cells  are  found  chiefly  in  the  ground-tissue  (also  in 
the  mesophyll),  the  shorter  cells  in  the  secondary  tissue-systems.  The  long 
sac-cells  are  isolated,  the  shorter  ones  are  sometimes  arranged  in  longitudinal 
rows.  In  the  latter  case,  according  to  L6ger,  resorption  of  the  separatmg  walls 
of  the  sac-cells  occurs  now  and  then  (Corydalis),  In  this  way  a  closer  com- 
parison of  the  rows  of  sac-cells  with  the  articulated  laticiferous  tubes  of 
the  Papaveraceae,  the  nearest  allies  of  the  Fumariaceae,  would  be  rendered 
possible.  Zopf,  on  the  other  hand,  distinctly  denies  the  occurrence  of  any 
appearance  of  fusion.  The  membrane  of  the  sac-cells  generally  consists  of 
cellulose  ;  in  some  cases  (species  of  Fumaria  and  Corydalis)  the  wall  becomes 
lignified  and  thickened,  and  is  then  provided  with  obliquely  placed  pits.  The 
opinions  of  authors  differ  as  to  the  contents  of  the  sac-cells. 

L^ger  in  his  works,  especially  the  last  and  most  extensive,  classes  the  sac-cells  in 
question  with  the  laticiferous  sacs  and  articulated  laticiferous  tubes  of  the  Papa- 
veraceae, and  in  this,  at  any  rate,  he  goes  too  far  ;  he  unreservedly  describes  the 
contents  as  latex.  On  the  basis  of  an  investigation  of  Hyfecoum,  Corydalis^  Adlumia^ 
Dicenira  and  Fumaria^  the  same  author  states  that  this  latex  is  alwa3rs  clear  and 
usually  red  or  yellow,  rarely  colourless,  and  Uiat  in  the  genera  Hypecoum,  Adlumia^ 
Dicenira  and  Fumaria^  the  latex  disappears  completely  or  in  part  in  the  fully 
grown  aerial  organs.  Zopf,  who  originally  and,  as  Heinricher  nas  shown,  quite 
incorrectly  described  the  sac-cells  as  tannin-  and  anthocyanin-receptacles,  con- 
founding them  with  true  anthocyanin-receptacles,  now  defines  the  sac-cells  as 
alkaloid-receptacles,  on  the  grouna  of  quantitative  and  qualitative  analyses,  which 
were  carried  out  on  the  subterranean  organs  of  Corydalis.  This  needs  further 
confirmation  at  any  rate  with  regard  to  the  remaining  members  of  the  Order.  It 
has  been  already  stated  above  that  Heinricher  adheres,  and  it  is  probably  best  to 
do  so,  to  the  name  sac-cells ;  he  also  states  that  the  contents  are  a  mixture  of 
different  substances,  but  always  include  a  fatty  oil. 

In  connexion  with  the  sac-cells  it  may  also  be  mentioned  that,  accord- 
ing to  L^er,  '  petits  canaux  laticif^res '  filled  with  similar  contents  occur 
in  the  primary  cortical  parench)ana ;  these  are  probably  nothing  more  than 
small  intercellular  spaces,  filled  with  secretion,  such  as  have  bmi  observed 
elsewhere  in  plants  with  secretory  oigans  which  produce  latex. 

The  following  anatomical  features  of  the  Order  remain  to  be  mentioned. 
The  branches  contain  a  ring  of  vascular  bundles,  according  to  L6ger 
the  interfascicular  tissue  of  the  latter  is  lignified.  The  pericycle  is  generally 
sclerenchymatous ;  Corydalis  solida^  Sm.,  forms  an  exception  to  this. 
According  to  L6ger,  the  mesophyll  is  mostly  bifacial ;  Hypecoum  procumbcns, 
L.,  has  palisade-tissue  on  both  sides  of  the  leaf.  Stomata  occur  on  both 
surfaces  of  the  leaf,  or  on  the  lower  side  only  ;  they  possess  no  characteristic 
subsidiary  cells.  It  is  especially  noteworthy,  that  the  oair  of  guard-cells 
does  not  always  show  a  round  outline,  but  sometimes  (Dicenira  spedabilis^ 
Lem.,  D.  formosa,  Walp.,  Adlumia  cirrhosa^  Raf.,  Corydalis  claviculaia, 
DC.,  Fumaria  capreoiala,  L.)  a  polygonal  one,  in  which  the  comers  are 
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often  produced  into  filiform  tips.  Oxalate  of  lime  appears  to  be  absent. 
Special  forms  of  hairs  and  glandular  hairs  have  not  been  observed.  The 
petiole,  which  has  been  examined  by  Petit  in  spedes  of  Adlumia^  Carydaiis, 
Fumaria^  and  Hypecoumy  possesses  in  its  characteristic  r^on  ('  caractdiistique  *) 
an  arc  of  three  or  more  isolated  vascular  bundles,  in  the  mitial  region  it  usually 
has  three  (in  DicetUra  nine).  According  to  Plitt,  the  vascular  bundles  of  the 
petiole  are  characterized  by  the  concave  excavation  of  the  xylem-group  on  its 
outer  side,  as  in  the  Ranimculaceae. 

The  fibro-vascular  system  of  the  root  is  diarch,  according  to  De  Bary,  Zopf, 
L^ger  and  others ;  the  peculiar  splitting  of  the  older  roots  and  rhixomes  of  tbt 
Fumariaceae  is  worthy  of  note  (for  this  see  Jost,  Bot.  Zeitung,  1890,  p.  469  et  seq.). 

Literatnre:  Dc  Bary,  Vergl.  Anat.,  1877,  p.  450. — Vesqpe,  Noot.  Arch.  Mni.  cThist.  nat.,  wit.  3, 
t.  T,  i88a-3,  p.  298.— Hdnricher,  Mitteil.  bot  Intt.  Graz,  Bd.  i,  1886,  p.  49.— Plitt,  BUttitiel,  Dim., 
Mihuig,  1886,  pp.  24,  a5.~2k>pf,  Gerbttoff-  u.  Anthocytnbeh.  der  F.  etc.,  Biblioth.  bot^  Hdt  u, 
Kassel,  1886,  40  pp.  and  3  Tab.— Heinricher,  Schlanchz.  der  F.,  Ber.  deattch.  bot.  Gnellich.  1887, 
pp.  233-9. — Petit,  Petiole,  in  M^m.  Soc.  tc  phys.  et  nat  de  Bordeaux,  i^r.  5,  t  iii,  1887,  pp.  313-15 
and  pi.  T. — L^geii  Lacticifbrcs  chez  let  F.,  Compt.  rend.,  t.  czi,  1890,  p.  843. — Liger,  L*appaxeil 
lactidf^re  det  F.,  Ball.  Soc.  Linn,  de  Normandie,  t^.  4,  t  It,  1890,  p.  lOi. — Boonier,  Oba.  sor  let 
Berb^rid^s  etc.  de  la  Flore  de  France,  Revue  de  Bot,  t  ii,  1890,  p.  548  et  leq. — Zop^  Pbja.  Dent 
der  F.-Behalter,  Ber.  deutsch.  bot  Gesellsch.  1891,  pp.  107-1 7.~Heinricher,  Nocnmalt  Ober  die 
Schlauchz.  d.  F.,  Ber.  dentsch.  bot  Gesellich.  i8pi,  pp.  184-7.— I^ger,  Appareil  v^^dtAtif  da 
Papav^racto,  M^m.  Soc  Linn,  de  Normandie,  t  xviii,  1894-5,  pp.  195-023,  pU.  x-xol 


CRUCIFERAE. 

I.  Review  of  the  Anatomical  Features.  The  Cruciferae  are  a  well 
characterized  Order,  both  in  their  external  features  and  in  respect  to  their 
anatomy.  All  the  Cruciferae  possess  characteristic  secretory  cells;  their 
essential  constituent  is  myrosin,  which  is  widely  distributed  in  the  Order. 
These  elements  may  consequently  be  termed  myrosin-cells.  The  t3T>e  of 
stoma,  known  imder  the  name  Cruciferous  type,  b  almost  constant,  although 
sometimes  obliterated  in  the  fully  formed  organs ;  the  pair  of  guard-cells  is 
surrounded  by  three  subsidiary  cells,  of  which  one  is  smaller  than  the  two  others. 
The  perforations  of  the  vessels  are  simple.  The  wood-prosenchyina  has  simple 
pits.  Where  cork  occurs,  it  originates  m  the  pericycle  or  in  the  inner  part  of 
the  primary  cortex.  Medullary-ray-parench)ma  is  usually  absent  in  the  xylem  : 
the  primary  medullary  rajrs  of  the  wood  are  only  rarelv  (Kaphanus^  Rapistrum) 
parenchymatous,  and  are  mostly  replaced  by  interfascicular  prosenchyma; 
secondary  medullary  rays  consisting  of  parenchyma  are  also  uncommon. 
Crystals  of  oxalate  of  lime  have  not  been  observM  in  the  vegetative  organs. 
Qothing  hairs  are  in  all  cases  unicellular,  but  at  the  same  time  have  various 
shapes,  viz.  simple  unbranched  hairs  (Fig.  15,-4 ),  forked  Y-shaped  hairs  (Fig.  15,  B), 
two-armed  hairs  (Fig.  15,  C),  stellate  hairs  (Fig.  15,  /)-£),  peltate  hairs  (Fig.  15, 
F),  and  dendroid  hairs  (Fi^.  15,  G) ;  their  walls  are  sometimes  incnisted  with 
carbonate  of  lime.  Glandular  hairs  (Fi^.  15,  B)  or  glandular  emergences 
(Fig.  15,  H-J)  are  rare  {Hesperis,  BuniaSy  MatthiolOy  and  allied  genera).  ]&»ides 
the  different  forms  of  trichomes  just  named,  the  following  additional  features 
can  be  employed  especially  for  the  dia^osis  of  genera  and  species :  (a)  the 
extremely  remarkable  differentiation  of  the  integumental  tissue  of  leaf  and 
stem  (Fig.  14),  which  is  present  in  many  Cruciferae,  and  is  due  to  the  occur- 
rence of  single  large  water-storing  cells,  or  of  rows  of  these,  among  the  ordi- 
nary epidermal  cells  which  surround  the  stomata ;  (b)  the  distribution  of  myrosin- 
cells  in  different  tissues  and  organs ;  (c)  the  varied  differentiation  of  the  ring  of 
vascular  bundles  in  the  stem  ;  {d)  the  varied  nature  of  the  xylem  in  the  root,  &c. 
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Lastly,  the  following  noteworthy  structural  features  of  the  stem  and  root 
respectively  of  certam  members  of  the  Order  majr  be  briefly  indicated :  the 
occurrence  (a),  in  the  wood  of  Vella  spinosa^  Boiss.  (Fig.  i6)  and  also  of 
Brassica  frMadosa^  of  concentric  sones  consisting  of  unlignified  xylem-tissue 
with  ^iraDy  thickened  tracheae  inclosed  in  it;  (b)  of  medullary  vascular 
bundles  (rfaixome  of  CockUaria  Armcrada  and  tuberously  thickened  parts  of 
the  stem  of  Kohlrabi) ;  (c)  of  cortical  vascular  bundles  {Eruca  sativa  and 
Lepidium  kUifolium);  {d)  lastly,  of  interxylary  concentrically  constructed 
vascular  bundles  (rhizome  of  tochkaria  Armaracia^  root  of  Brassica  Rapa^ 
B.  Napus  and  Raphanus  sativus). 

2.  Structure  of  the  Leaf.  The  meaophyll  possesses  varied  structure; 
centric  leaf -structure  is  found,  for  example,  in  MaUhida  livida^  DC.,  AnasUUica 
hierochunHca^  L.«  Moricandia  arvensis^  Crambe  marUimOj  &c.  The  lateral 
walls  of  the  epidermal  ceOs  are  usually  undulated  to  a  varying  extent  Bead- 
like thickenings  of  the  cuticle  are  described  in  Diplotaxis  tenuifolia ;  striation 
of  the  cuticle  occurs,  for  example,  in  Lepidium  subulatum^  Iberis  sempervirens^  &c. 
Further,  excretion  of  wax  also  occurs  on  the  leaves,  in  considerable  amount. 


Fig.  14.    Difcretklioa  of  tbe  cpidermia  ia  the  Cff«ciferae.    Bpidennit  of  the  leaf  of:  A,  RHi^pkJlm  mmpUMi- 
■.  Mi^rimmdim  mrwnui9\  C,  Brmem  mfpmd§eim.    A  a»d  B,  io  mface-iriew ;  c,  io  croei  icction.— After 


for  example,  in  Brassica  oleracea.  Gelatinization  of  the  inner  membranes  of 
the  epidermal  cells  has  so  far  only  been  determined  (Warming)  in  Cakile 
aequalis^  L'H^rit.  Stomata  are  usually  met  with  on  both  sides  of  the  leaf, 
rarelv  (Lunaria  rediviva)  only  on  the  lower  side.  They  are  generally  of  the 
well-known  Cruciferous  type,  i.e.  they  are  surrounded  by  three  subsidiary  cells, 
of  which  one  is  smaller  than  the  other  two.  For  the  mother-cell  of  the  stoma 
in  the  Cruciferae  divides  by  three  or  four  successive  division- walls,  which 
follow  one  another  like  the  segments  of  a  three-sided  apical  cell.  However, 
exceptions  to  this  type  occasionally  occur  (Subularia^  according  to  Benecke). 
The  vascular  bundles  of  the  veins  are  embedded  in  the  mesophyll,  or 
are  united  with  the  upper  and  lower  epidermis  by  means  of  colourless 
parenchyma;  sderenchyma  accompanying  the  vascular  bundles  is  wanting, 
both  here  and  in  the  petioles,  which  will  t^  discuss^  later. 

An  extremely  characteristic  differentiation  of  the  epidermis  of  the  leaf 
(Fig.  14,  i4-C),  which  Heinricher  has  investigated  in  detail,  is  frequently  found 
in  the  Order,  but  is  restricted  to  certain  vpecxes  only.    This  differentiation  con- 
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sists  in  the  fact  that  among  the  ordinary  epidermal  cells  others  are  intercalated, 
which  exceed  the  remaining  cells  many  tmies  (lo  to  20  to  even  100  times)  in 
volume,  and  at  the  same  time  project  considerably  beyond  the  level  of  the 
other  epidermal  cells,  sometimes  almost  like  hairs  in  a  transverse  section  of  the 
leaf.  The  contents  of  these  cells  do  not  differ  from  those  of  the  adjacent 
ordinary  epidermal  cells  ;  i.e.  they  are  colourless,  like  those  of  the  latter.  The 
function  of  these  special  cells  of  the  epidermis  is  the  storage  of  water. 

In  the  first  place,  in  Goldhachia  tortdosa,  DC,  there  are  only  isolated  epidermal 
cells,  which  exceed  the  others  three  or  four  times  in  size.  Isolated  large  erndermal 
cells  occur  also  in  I  satis  tinctoria,  L.,  Senehiera  Coronopus  and  species  otHeiiopkiU ; 
in  these  species,  however,  smaU  groups  of  the  large  cells  are  found  as  welL  A  still 
further  degree  of  differentiation  is  attained  when  the  large  cells,  which  are  some- 
times (Diplotaxis  acris)  provided  with  small  knobs  on  their  outer  walls,  are  arranged 
in  series  ;  they  then  form  a  network  on  the  surface  of  the  leaf,  which  may  often  be 
recognized  even  with  the  naked  eye,  and  the  meshes  of  wMch  are  occupied  by 
island-like  groups  of  stomata  with  the  subsidiary  cells  belonging  to  tbem. 
According  to  Heinricher  this  is  the  case  in  Raphanus  sativus,  and  is  still  more 
pronounced  in  Eruca  cappadocica  (Fig.  14,  C),  Diplotaxis  tenuifolia^  DC.,  and  Afon- 
candia  arvensis  (Fig.  14,  B);  according  to  Volkens  also  in  Malcolmia  aegypHaca^ 
Spreng.,  Diplotaxis  acris,  Boiss.,  and  Savignya  parvi flora,  Webb.  While  in  trc  species 
so  far  enumerated  the  large  epidermal  cells  in  question  have  no  specially  marked 
long  axis  in  surface-view,  but  are  of  fairly  equal  diameter  in  all  mrections  in  the 
leaf -surf  ace,  in  some  species  of  Heliofhila,  e.g.  H,  amplexicauiis  (Fig.  14,  A)  or 
H,  pilosa,  they  form  elongated  sacs,  wnich  may  sometimes  attain  a  length  of  8  mm. 

This  differentiation  of  the  epidermis  occurs  also  in  the  stem,  as  was  first 
shown  in  Senehiera  and  Hutchinsia  by  Dennert,  and  afterwards  in  a  series  of  spedes 
by  Volkens  and  Heinricher. 

The  secretory  cells,  which  are  quite  generally  distributed  in  the  Order, 
deserve  special  notice.  They  were  termed  proteid-sacs  by  their  discoverer,  Hein- 
richer, on  account  of  the  proteid  reactions  of  their  contents,  but,  according  to 
Guignard  and  Spatzier,  they  are  the  seat  of  the  myrosin  ;  they  are  therefore 
spoken  of  as  myrosin-cells  in  the  following  description.  It  is  well  known  that 
myrosin  is  a  very  widely  distributed  ferment  in  the  Cruciferae  ;  by  its  action 
on  a  glucoside  (likewise  occurring  in  the  Order),  viz.  myronate  of  potash,  a 
decomposition  of  the  latter  takes  place  with  formation  of  mustard-oil,  sugar  and 
bisulphate  of  potash.  The  first  of  these  substances,  the  mustard-oil,  gives  the 
characteristic  slight  radish-like  or  strong  mustard-like  pungency  to  all  parts  of 
the  plant — the  seed,  root,  stem,  leaf,  &c.  The  myrosin-cells  are  specially  easily 
recognizable  by  the  reactions  of  their  contents.  In  their  natural  unaltered  con- 
dition it  is  sometimes  difficult  to  recognize  them,  for  often  they  scarcely  di&r 
morphologically  from  the  neighbouring  cells ;  only  in  the  cortex  and  in  the 
mesophyll  are  they  distinguished  from  the  adjacent  cells  by  their  greater  length ; 
in  the  leaf  they  sometimes  stand  out  as  branched  shortly  3-4-armed  idiobb^ts ; 
in  the  pericycle  of  the  vascular  bundles  of  the  veins  they  occasionally  form 
rows.  In  living  material  the  myrosin-cells  are  primarily  distinguished  by  the 
constant  absence  of  chlorophyll-grains  and  usually'  also  of  starch-grains,  and 
by  their  clear,  aqueous,  optically  inactive  contents.  Detection  of  the  mjrrosin- 
cells  is  further  facilitated  by  the  different  reactions  for  myrosin,  which  are  speci- 
fied in  tabular  form  in  Spatzier's  work.  Of  these  I  will  only  mention  MOlon's 
reagent,  by  which  the  contents  are  coagulated  and  coloured  red,  tfie  golden 
yellow  coloration  of  the  contents  by  watery  solution  of  iodine,  the  coagulation 
of  the  myrosin  by  alcohol,  the  staining  by  aniline  dyes,  the  violet  (^oration 
caused  by  concentrated  hydrochloric  acid  with  the  addition  of  orcin-  or  orcein- 
solution  ;  plasmolysis  also  renders  the  myrosin-cells  apparent.    The  behaviour 

*  Perennial  organi,  such  as  the  rhizome  of  CochUaria  Armoracia,  the  oelli  of  which  are  filled  with 
large  starch-graini,  also  store  up  small-grained  starch  in  the  noTrosin-ceUs  (Spatsier). 
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towards  myronate  of  pota^  which  affords  an  important  means  of  demon- 
strating the  mjrrosin  contained  in  the  cells  in  question,  is  not  of  further  use  for 
the  detection  of  the  mvrosin-cells  themselves.  As  regards  the  distribution  of 
these  cells  one  may  safely  say,  on  the  basis  of  the  statements  of  Heinricher  and 
Guignard,  that  they  are  quite  generally  ^  distributed  in  the  Cnidferae,  although 
still  more  abundant  material  must  be  investigated  with  regard  to  this  point. 
The  excepticMial  cases  (CapseUa  bursapastoris,  Hoench.,  Lepidium  sativum^  L., 
Camdina  sativa^  Crantz,  Bunias  orutUalis^  L.,  CakiU  marUimOj  Scop.),  in  which 
Heinricher  was  unable  to  find  his  proteid-sacs,  have  been  disposed  of  by  Gui- 
gnard,  for  he  demonstrated  myrosin-cells  in  these  also.  It  should,  however,  be 
remarkedthattheamountofmyrosin-cellsmay  vary  in  the  same  species.  Thus 
it  has  been  proved  by  means  of  experimental  researches  by  Spatzier  and  by 
corresponding  observations  by  Guignard,  that  habitat  and  nutrition  exert  an 
influence  on  the  abundance  of  the  myrosin-cells.  It  may  be  added,  however, 
that  this  never  leads  to  a  coniplete  suppression  of  their  formation,  and  further 
that  an  increase  in  myrosin-formation  sets  in  when  the  development  of  the 
plant  is  checked.  The  myrosin-cells  are  found  in  all  the  organs  of  the  plant, 
e^.  root,  branch,  leaf,  flower,  and  seed.  They  are  often  present  in  greatest 
abundance  in  the  root ;  sometimes  they  are  extremely  scanty  in  the  vegetative 
organs,  but  are  then  fairly  easy  to  find  m  the  seed  or  in  the  ovary. 

yfiih  regard  to  the  topographical  distribution  of  the  myrosin-ceUs  in  the  diflerent 
vegetative  organs  it  is  necessary  to  make  the  following  statements.  The  roots 
contain  myrosin>cells  in  the  primary  cortex  and  in  the  bast ;  tuberous  roots  {Ra^ 
pktmus  toHvus,  CochUaria  Armoracta)  contain  them  in  the  wood-parenchyma  as 
welL  Guignard  mentions  the  following  cases,  in  which  he  has  found  the  mvro- 
ttn-cells  to  be  fairly  abundant  in  the  phloem-parench3rma  of  the  roots :  Chmr' 
amikus  Ckeiri^  L.,  Barbarsa  vulgaris^  R.  Br.,  Nasturtium  amfkihium^  R.  Br.,  N.  syl- 
msirt,  R.  Br.,  Lunaria  bisnms^  Moench,  L.  rediviva^  L.,  dochUana  officinalis^  L., 
Brassies  oUracsa^  L.  with  varieties,  B.  nigra^  Koch,  Sinapis  alba^  L.,  5.  arvensis^  L., 
Lrpidium  Draba,  L.,  L.  laHfolium^  L.,  Ihrris  amara^  L.,  /.  semprrfiorms^  L.,  /.  urn- 
biuata^  L.,  CakiU  maritima^  Scop.  Guignard  recommends  the  radish  as  specially 
suital^  for  the  study  of  the  myrosin-cells  of  the  root. 

In  the  branch  the  myrosin-ceUs  may  appear  in  aD  the  tissues ;  tttey  are  specially 
commoo  in  the  pericycie,  where  moreover  they  alwavs  occur.  Vnth  regard  to 
their  more  predae  distribution  the  foUowing  erampUw  of  Guignard's  may  be  quoted* 
The  myrosm-cells  are  found  : 

(1)  exclusively  in  the  peric3rc]e  in:  iMndium  sativum^  L.,  JL  Draba,  L., 
L,  Iberis^  Pdlhch,  Camdina  saHva^  Crantz,  Cardatnins  praUnsis,  L.,  Ckeiranihus 
Chsiri^  L. ; 

(2)  principally  in  the  pericyde,  but  also  in  the  primary  and  secondary  bast  in: 
Erysimum  cke%ratikoid$s^  L. ; 

(3)  principally  in  the  primary  cortex  *,  but  also  in  the  pericyde:  Moficamdia 
kuparidijolia.^  ; 

(4)  in  the  primary  cortex,  in  the  primary  and  secondary  bast,  and  in  the  peri- 
cyde in :  Iberis  semperflorens^  L.,  /.  amara^  L.,  /.  umbellaia^  L. ; 

(5)  in  the  priinary  cortex,  in  the  pericyde,  and  in  the  pith  in:  Nasturtium 
officinale^  R.  Br.,  Eruca  saHva^  Lam. ; 

(6)  in  the  primary  cortex,  in  the  pericyde,  and  in  the  secondary  bast  in : 
Bwmias  orientalis^  L.,  B.  Erucago,  L.,  Nasturtium  sylvestre,  R.  Br. ; 

(7)  in  the  primary  cortex,  pericyde,  secondary  bast  and  pith  in:  Nasturtium 
ampkabium^  KJat.^Dipiotaxis  tcnuifolia^DC.,  Raphanus  salivus^  ll,  Isatis  tinctoria^  L. ; 


*  M>-TO«io-cellt  h^wt  been  demoottrated  by  Heinricher,  Volkcns  and  Guignard  in  tpedes  of  the 
follovin|r  gcoerm :  A§thirmima^  Arabity  Bitrbartay  Brassita^  BuniaSy  CaktUj  Camtlimay  CapselUty 
CmrdamutUy  CarritkUrm^  CJUiramtAmSy  Cockiioriay  Corisporay  Crambiy  Dif4UaxiSy  Ermcoy  Em- 
tmtirumy  EryrimmMy  Farsttiay  GMhatkiay  Htli^iUy  HtsptriSy  IbtriSy  Jonopsidiumy  Isaiisy 
Ltfidiumy  Lunari^y  Aial(§lmiay  Moritamdiay  Myagrumy  Sashtrliumy  PtUariay  Kapkanus^  Kapi" 
ttntmy  Sembitray  SimapiSy  Sisymbrium y  Stuccma,  Tujda/iay  Veila,  Zida, 

'  I  bcliere  Uiif  to  be  tbe  corra.t  inti  rpreutioo  of  the  Uafiie  limply  termed  *  ^corce'by  Goigoaid. 
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(8)  principally  in  the  primary  cortex  and  pericyde*  bat  also  in  the  primanr 
and  secondary  bast  and  in  the  pith  in:  Brasstca  nigra^  Koch,  Sinapis  alba,  L, 
5.  arvensiSf  L. ; 

(9)  in  the  primary  cortex,  pericyde,  primary  and  secondary  bast,  the  wood- 
parenchyma  and  pith  in :  Cochlearia  Armoracia^  ll»  and  C.  offUinaliSt  L. 

In  the  leaf  the  myrosin-cells  are  in  general  present  in  greater  abnndance  thaa 
in  the  axis.  They  mostly  appear  in  the  leaf  as  distinct  idioblasts  on  account  of 
their  length.  They  are  principally  found  in  the  spongy  tissue,  but  also  In  the  pah- 
sade-tissuc ;  they  also  occur  in  the  parenchymatous  sheaths  surroanding  the 
vascular  bundles  of  the  veins  and  in  the  bast  and  pericyde  of  these  bundles.  The 
diverse  distribution  of  the  elements  in  question  is  seen  m  the  f<dlowing  table  taken 
from  Hdnricher's  work.     The  myrosin-cells 

(i)  are  distributed  in  the  mesophyll  of  the  leaf  in:  ArabU  sagiitaia^  CcehUans 
Armaracia^  Peitaria  aUiacea^  Charispara  tenella^  Camelina  austnaca^  IsaHs  HndohA^ 
Mya^rum  perfoliatum,  Brassica  sp.,  Sinapis  atba^  Diploiaxis  ienmfoHa^  Erucmh  mm 
arabtcum,  Eruca  cappadocica,  CarrichUra  Vella^  Vella  Pssudocytisus^  Cratmb^  coHm- 
folia,  Rapistrum  perenne,  Raphanus  saHvus  and  Heliophila  ampUxicaulis  ; 

(2)  are  only  in  part  scattered  in  the  mesopnyll ;  they  mostly  represent 
single  cells  of  the  parenchymatous  sheaths  of  the  vascular  bumues  in  the 
veins  or  they  abut  directly  on  the  bundles  of  the  veins  :  Ib&ri$  umpervir^ns^  I.  stm- 
perflorens  and  Goldbackia  torulosa  ;  probably  also  Lepidium  Draba,  L.,  and  £»  satt- 
vum,  L.,  according  to  Guignard ; 

(3)  are  only  found  in  place  of  single  cdls  of  the  parenchymatous  sbeatfas  of 
the  veins  :  Chetranihas  Chetri,  Lepidium  affine^  Senebiera  Coronopus  ; 

(4)  are  only  found  accompanying  the  vascular  bundles  of  the  veins  on  the  inner 
side  of  the  parenchyma-sheatn  (m  the  pericyde  and  bast) :  H§speris  nuilroiMlu ; 
also,  according  to  Guignard,  Iberis  amara,  L.,  /.  umbeUata^  L. ; 

(5)  occur  in  the  mesophyll  in  a  sub-epidermal  position  only:  Maricmmdu 
arvensis,  which  in  the  axis  also,  according  to  Heinricher,  possesses  myiosin-ceUs  in 
a  sub-epidermal  position  only. 

From  the  above  synopns  of  the  distribution  of  the  myrosin-cells  in  the  axis 
and  leaf  it  follows  that  in  some  cases  the  mode  of  distribution  certainly  enabies 
one  to  reccMpize  affinities,  but  that  in  general  it  will  only  be  of  sufficient  value 
for  specific  diagnosis. 

Following  on  the  description  of  the  myrosin-cells  some  mention  most  abo 
be  made  of  Dutailly's  statement  as  to  the  occurrence  of  schixogenoos  secretory 
passages  in  the  root  of  certain  Cniciferae  and  the  subsequent  mSerentiation  (rf 
a  concentric  vascular  bundle  around  these  secretory  organs.  This  statement, 
however,  is  erroneous  according  to  J.  E.  Weiss. 

As  has  already  been  mentioned  under  the  general  characters,  oystals  of 
oxalate  of  lime  have  not  been  observed  so  far  m  the  vegetative  organs  of  the 
Cniciferae.  On  the  other  hand,  sphere-crystals,  which  appear  to  be  closdy 
related  to  hesperidin,  are  stated  oy  Mika,  Hansen,  ana  Schaarschmidt  to 
occur  in  CabseUa  Bursa'pasioris. 

Apart  from  the  external  glands  to  be  discussed  below,  the  hairy  covering 
consists  of  dothing  hairs  of  various  forms,  which  are,  however,  always 
unicdlular.  It  is  true  that  (e.g.  in  Capsella^  Fig.  15,  i4,  or  sometimes  in  Arabis 
alpina)  near  the  base  of  the  hair  an  annular  line  may  be  observed,  which  appears 
like  a  division  wall,  but  according  to  Vesque  is  not  a  septum.  The  wall 
of  the  hairs  may  be  thin  or  thick,  smooth  or  furnished  with  knoba.  The 
thick  walls  of  the  hairs  and  the  knobs  are  sometimes  ( e.g.  in  Aly^um 
albcstre  and  CheiratUhus  Cheiri)  incnisted  with  carbonate  of  lime.  The  ionn 
of  the  hairs  is  very  varied ;  thus  the  following  types  occur :  simple  on- 
branched  hairs,  simple  fork^  hairs,  two-armed  hairs,  few-  or  many*imyed 
stellate  hairs,  scales  and  dendroid  hairs.  The  diverse  forms  of  hairs  may 
without  doubt  be  employed  systematically  for  specific  diagnosis,  tboogh  with 
some  caution.  For  m  the  same  spedes  two  or  more  forms  of  hairs  are 
sometimes  found,  and,  moreover,  these  are  connected  by  numerous  truintiooal 
forms. 
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Vesgne  describes  simple  hairs  in  Lepidium,  IsoHs,  Sinapis^  Capsella  (Fig.  1 5,  i4  )• 
Entca^  DiploUutiSt  Raphanus,  &c  Simple  forked  hairs  (Le.  hairs  which  are  only 
once  acntely  faorked)  are  found  side  by  side  with  simple  hairs  in  Draba  aixoides^ 
D.  hispamca,  Boias.,  and  also  in  Draba'v&ma^  forked  hairs  only  in  Bunias  arietUalis 


WtQ.  15.  Trichowwi  of  the  CrecHerae.  iL  Simple  hair  from  the  apptr  tide  of  the  leaf  of  C^^ttm  Bmrm- 
pmMimrit.  m^  forked  hair  aad  fiaadalar  liair  of  HMptrU  gbHinmrnySyM.,  from  the  floral  ranon.  c,  Two^rmed 
caJdftcd  hair  fhan  the  leaf  tJC  Ck»irmmihu%  Cluiri^  L.  D,  andD,,  StelUte  hair,  from  the  leaf  of  MtikioU 
Uw4dB^  DC^  hi  wrfaea-view  awl  from  tha  aide,  b,  Stellate  hair  from  the  lower  tide  of  the  leaf  of  CmpuUm  Burtm- 
pm§$»ri».  r,  Frkaia  hair  of  Aiyttmm  kpidoHnm^  Boi«a.  g,  Dendroid  hair  from  the  lower  aide  of  the  leaf  of 
Ahumm  mjemUk.  ■  aad  J.  Bxtemalff lands  of  MmttAioU  Uvida :  R.  Botire  glaodaUr  hair  teea  from  the  aide; 
J.  Loayftadiaal  arcdoa  throafh  the  glamtalar  head^A,  B  aod  O,  alter  Veeqaa ;  p,  after  O.  Barhmann ;  the  reaaioder 

and  Hesp$fis  giuHnosa^  Vis.  (Fiff.  15,  B) ;  two-armed  (so-called  malpighian)  hairs 
have  been  observed  in  Chiiranihtis  alpinus  and  C.  CMri  (Fig.  15,  C),  in  Erysimum 
cmmgsesns^  FarsiHa  asgypHat  Turra,  and  also  in  Capsella  and  Erysimum  chsiran^ 
ikioidtSf  in  the  last  two  accompanying  other  forms  of  hairs.  To  the  type  of 
•toUate  haixi  (by  which  are  to  be  ondtistood  those  branched  hairs,  in  idiico  the 
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rays  lie  in  the  same  place,  the  latter  being  parallel  to  the  surface  of  the  orgmn)  bdong 
the  hairs  of  CapseUa  Bursa-pastoris  (Fic^.  15,  E),  Erysimum  aifr#ifiii,  Aiyuum 
alpestre,  A.  fetraeum,  Maithiola  incana,  M.  livida,  DC  (Fig.  15,  D,-D,K  Malcoimts 
aegyptiaca,  Spreng.  The  elegantly  constructed  stellate  hairs  of  Aiyssum  Ufidoimm^ 
Boiss.  (Fig.  15,  F),  which  resemble  small  scales,  must  be  referrea  to  the 
preceding  type.  Lastly,  the  dendroid  hairs  remain  to  be  mentioned ;  in  these 
a  stem-Uke  part  arises  immediately  from  the  broadened  basal  part,  and  after  a  short 
distance  divides  into  2-4  diverging  branches,  which  in  their  turn  may  be  repeatedly 
forked  —  sometimes,  e.  g,  in  Maithiola  arborescens^  with  unequal  growth  of  the 
successive  dichotomous  branches  after  the  manner  of  a  scorpioid  cyme.  One  meets 
with  this  category  of  hairs,  e.g.  in  Farsetia  incana^  MaUhioia  arhorescens^  Afysstam 
peiraeum,  A.  saxatile  (Fig.  15,  G),  and  Draba  sp.' 

Glandular  hairs  or  external  glands  of  more  complicated  structure  are  of 
rare  occurrence  in  the  Order,  and,  according  to  Prantl,  characterize  the  *  Hespcri- 
deae-Hesperidinae*.'  In  Hesperis  they  consist  of  a  row  of  cells  with  one  or  few 
glandular  terminal  cells  (Fig.  15,  B).  The  glandular  structures  of  Bimias*  on 
the  other  hand,  form  short  emergences  resembling  shaggy  hairs,  the  apex  being 
occupied  by  a  group  of  cells,  which  are  filled  with  a  secretion  ana  have  a 
palisade-like  shape.  The  glandular  shaggy  hairs  of  MaUkiola  lividOf  DC. 
(Fig.  15,  H~J),  are  similarly  constituted. 

The  glandular  leaf-teeth,  investigated  by  Rcinkc  in  Lepidium  laiifolium  and 
AUiaria  officinalis^  may  also  be  shortly  mentioned  here.  In  the  first  of  thcK 
plants  the  leaf-tooth  contains  a  hyaline  group  of  cells  covered  by  an  epidermis 
composed  of  peculiarly  striated  cells  and  containing  a  group  of  stomata  ;  in  the 
second  plant  the  leaf -tooth  incloses  a  mucilage-containing  group  of  cells  (in  which 
a  brancn  of  a  vein  terminates)  and  possesses  an  epidermis  with  nameroos  \ 


The  petiole  has  been  investigated  by  Vesque,  Plitt,  and  Petit  in  a  number 
of  Cruciferae.  It  may  first  be  noted  that  the  vascular  bundles  in  the  character- 
istic  region  are  isolated,  as  in  the  majority  of  herbaceous  plants.  They  form 
either  a  ring  or  a  horseshoe ;  medullary  bundles  are  rare  (in  the  stout  petioles  of 
Crambe  cordifolia  and  CochUaria  Armoracia) ;  the  number  of  the  bundles  forming 
the  ring  or  horseshoe  respectively  varies,  there  is  usually  a  rather  large  number, 
rarely  {CochUaria  officinalis)  only  three  or  even  only  one  (Teesdalia  ntidicatdis). 
In  certain  members  of  the  Order  some  of  the  vascular  bundles,  which  form  the 
ring  or  the  horseshoe,  are  not  simple  but  compound ;  they  then  consist  of  several 
vascular  bundles  arranged  in  a  circle.  Such  compound  bundles  have  been 
stated  by  Plitt  and  Petit  to  occur  in  species  of  Brassica^  CochUaria  (C.  Antuh 
racia)y  CrambCy  Lunaria,  Nasturtium,  Kaphanus,  Rapistrum^  and  Sinapis^  bat 
were  not  found  by  these  authors  in  sp^ies  of  Aiyssum^  Barbarea^  impsdU^ 
CardaminCj  Cheiranthus,  CochUaria  (C.  officinalis).  Erysimum^  FarseUa^  Ha- 
perisy  Iberis,  Lepidium,  Sisymbrium,  Syrenia,  and  Teesdalia. 

3.  Structure  of  the  Axis.  The  inner  walls  of  the  epidermis  axe 
usually  strongly  thickened.  Sclerotic  differentiation  of  the  epidermis  has  been 
observed  in  Arabis  procurrens,  doubling  of  the  epidermis  in  Dipk4axis  Bona, 
Boiss.,  and  Zilla  myagroides,  Forsk. 

The  primary  cortex  is  frequently  coUenchymatous  in  its  outer  portion, 
the  collcnchyma  cither  forming  a  ring  or  only  strands.  Spaces  are  found  in 
the  primary  cortex  in  plants  which  live  in  damp  localities,  e.g.  Nasturtimm 
officinaU,  Cardamine  praUnsis.  In  some  desert-plants  (Malcoimia  aegyptiacs, 
Sprcng.,  and  Zilla  myagroides,  Forsk.)  the  assimilatory  tissue  of  the  primary 
cortex   is  formed  by  palisadc-tissuc.     In  Oudncya  africana,  R.  Br.,  another 


'  Compare  tlfo  r>enneii*s  statements  as  to  the  hairy  covering;  of  the  axis,  in  Wigand,  Bot 
Hefte  i,  if«>*5.  p.  loi  :  the  statements,  howerer,  only  refer  to  the  bare  form  of  the  hain. 

"  In  this  triple  Isanti  classes  the  Rcoera  :  Htsperis^  Maithiola^  Lotuktfkora,  /^ra 
Ztniana,  Stirigma,  Amk^um,  Doni0sttmom,  Ckarispora^  CkristoUa,  J*arrja,  aod  ( 
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desert-plant  investigated  by  Volkens,  the  primary  cortical  tissue  possesses 
quite  a  peculiar  structure  ;  its  outermost  5-6  layers  consist  of  cells,  which  have 
roundea  lumina  and  are  elongated  in  the  vertical  direction,  their  walls  being 
unlignified,  but  spirally  to  reticulately  thickened  ;  these  cells  clearly  serve  as 
a  water-reservoir.  The  innermost  layer  of  cells  of  the  primary  cortex  is 
frequently  {Brassica^  Capsella^  Kemera^  Lepidium^  Nasturtium^  Sinapis,  &c.) 
differentiated  as  a  starch-sheath. 

In  shrubby  species  periderm-formation  takes  place  either  in  the  innermost 
layers  of  the  pnmary  cortex  or  {Arabis  procurrens  and  Aubrietia  deltoidea) 
between  primary  hard  and  soft  bast. 

With  regard  to  the  structure  of  the  pith  it  is  only  necessary  to  mention  that 
in  the  older  branches  of  Diplotaxis  Harra^  Boiss.  this  tissue  becomes  septate 
(VoUcens),  and  that  sometimes  {Zilla  mya- 
froidts^  Forsk.)  the  peripheral  part  of  the  pith 
IS  comix>sed  of  a  prosenchymatous  sheath 
of  sderenchyma. 

The  following  statements  may  be  made  re- 
garding the  rin^  of  vasctilar  bundles  and  theele- 
ments  composmg  it.  The  xylem  is  principally 
formed  of  vessels,  which  have  lumina  of  various 
sixes  and  are  provided  with  simple  perforations, 
and  of  wood-prosenchyma  with  simple  pits. 
Parench)rmatous  medullary  rays  are  absent 
in  most  Cruciferae.  Primary  parenchymatous 
medullary  ras^s  have  only  been  met  with  in 
species  of  Rapkanus  and  Raptstrum,  while 
secondary  medullary  rays  are  somewhat  more 
frequently  developed  (in  Cheiranihus^AfaUhiala^ 
Peltaria^  isatis^  &c.).  In  most  members  of  the 
Order  the  primary  medullary  rays  are  replaced 
by  prosenchymatous  (intedascicular)  tissue. 
Intraxylary  phloem  is  not  present  in  the  Cru- 
dferae.  The  tissue  which  Dennert,  with  the 
necessary  reserve,  and  Plitt  as  well  as  Borzi, 
definitely,  regarded  as  internal  soft  bast,  is 
merely  protoxylem  (Briquet).  With  regard 
to  the  external  phloem  it  need  only  be  stated 
that  it  is  generally  accompanied  by  strongly  developed  primary  hard  bast,  and 
that  secondary  hard  bast  has  been  observed  in  woody  species.  On  the  subject 
of  the  detailed  structure  of  the  hard  bast  and  of  the  ring  of  vascular  bundles,  a 
tabular  review  in  Dennert's  work  quoted  above  gives  more  exact  information. 
This  can  only  be  shortly  referred  to,  as  the  types  of  stem-structure  set  up  by 
Dennert  are  only  of  importance  for  specific  diagnosis,  and  do  not  corres|)ond 
to  definite  s)rstematic  groups  of  genera. 

A  transverse  section  of  the  mass  of  wood  in  Vdla  spinosa^  Boiss.  (Fig.  16) 
shows  a  special  type  of  differentiation.  It  is  traversed  by  narrow  concentric 
tones  of  unlignified  cellular  tissue,  containing  anall-lumened  vessels,  which 
differ  from  the  spirally  thickened  pitted  vessels  present  elsewhere  in  this  species, 
in  having  exclusively  spiral  or  reticulate  thickening  of  their  walls.  A  structure 
similar  to  that  of  VeUa  also  occurs  in  Brassica  fruticulosa^  Cyr.,  judging  by  Borzi*s 
treatise,  but  has  been  quite  erroneously  interpreted  by  Borzi  as  an  occurrence 
of  interxylary  phloem. 

Cortical  vascular  bundles  have  been  observed  by  Dennert  in  Eruca  saiiva 
and  Lepidium  latifolium.  Further,  according  to  J.  £.  Weiss  and  Dutailly, 
medullary  and  interxylary  vascular  bundles,  both  of  concentric  structure,  are 


Pig.  16.  Pirc«  of  a  transrcTK  vrction  of  a 
lirmnch  of  Vri/m  spin^tm.  Bow*.,  dUi|^rmmniattr. 
(TW  ■nall-lameiwd  ipiral  vrwcls  in  the  narrov 
coocratric  looea  are  indicated  by  dots ;  in  the 
KaM  tbe  fronpa  of  ba<t  fibre*  are  repreaenled 
bj  line* :  aee  text.)— OrifinaL 
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present  in  some  Cnicif erae.  The  former,  the  medullary  bundles,  are  found  in  the 
pith  of  the  rhizome  of  Cochlearia  A  rmaracia,  as  well  as  in  the  tuberously  thickened 
parts  of  the  stem  of  kohkabi.  The  latter,  the  interxylary  bundles,  arise  secon- 
darily in  the  unlignified  xylem  of  the  rhizome  of  Cochlearia  Armoracia^  and, 
it  may  be  added,  also  in  the  xylem  of  the  root  of  Brassica  Napus^  B.  Rafa^ 
and  Raphanus  sativus ;  they  are  downward  prolonc^ations  of  parts  of  the 
vascular  bundle-S5rstem,  bdonging  to  the  aerial  part  of  the  plant. 

4.  Structure  of  the  root.  The  vascular  system  of  the  root  in  the  Cmciferae  is 
usually  diarch  in  development.  For  further  detail  as  to  the  structure  of  the  root 
in  general,  see  Lohrer's  work  cited  below. 

The  occurrence  of  characteristic  thickening-ridges,  exhibited  by  the  lajer  of 
cells  immediately  outside  the  endodermis  in  "tiie  roots  of  many  members  of  the  Order 
('  r6seau  de  soutien '  >= '  r6seau  sus-endodermique  '  of  Van  Tie^hem)  specially  deserves 
mention.  Russow  was  the  first  to  meet  with  this  anatomical  feature  in  the  nxit 
of  the  cabbage,  and  Van  Tieghem  has  demonstrated  it  in  the  following  genera: 
Matthiola,  Chtiranthus,  Arabis,  Aiyssunif  Koni^a,  Farsetia,  Berteroa^  Vesiama^ 
Clypeola,  Draba,  Cochlearia,  Thlaspi,  Iberis,  Btscutelia,  Malcolmia^  Sisymbrium, 
Alliaria,  Hugueninia,  Syrenia,  Camelina,  Lefndium,  I  satis,  Sinapis^  Hirschfeldia, 
Brassica,  Eruca,  Erucastrum,  Succovia,  Crambe,  Rapistrum^  Enarikrocarfms, 
Erucaria,  Raphanistrum,  Raphanus,   Heliophila,  SchitopeUUum  and  Leptocawpaea, 


Fio.  17.  Dia^anifnatic  represenUtion  of  the  cells  of  the  epi-endodennal  network  ('r^aean  ■M^eadoJctaiiot  *> 
to  show  the  manner  of  thickening  of  their  walls :  A,  lUri*  t^ffinisi  B,  Sinapis  alba;  C,  Ltpidimm  jaiVvsMK.— Ater 
Van  Tieghem. 

According  to  Van  Tieghem  this  layer  of  cells  provided  with  thickening-ridges  b 
not  developed  in  the  genera :  Nasturtium,  Roripa,  Barbarea,  TurriHs/Noioceras, 
Tetrapoma,  Teesdalia,  Ochthodium,  Chorispora^  Hesperis,  Erysimum,  lonapsidium, 
Myagrum,  Goldbachia,  Diplotaxis,  Buntas,  and  Senebiera,  It  should  be  re- 
marked in  connexion  with  the  first  list  of  genera  having  a  'r^seau  de  soutien,'  that 
differences  occur  within  the  genus  as  to  the  earlier  or  later  appearance  of  the 
thickening-ridges  and  as  to  the  distribution  of  the  latter  in  all  or  only  in  some 
of  the  cells  of  the  layer  concerned  (external  to  the  endodermis).  The  feature 
in  question  is  sometimes  wanting  in  one  or  other  species  of  the  genera  named 
(e.p:.  in  Eruca  cappadocica).  The  manner  of  thickening  of  the  cells  is  different  in 
different  species.  In  all  the  species  thickening-ridges,  which  are  either  straight 
{Sinapis  alba)  or  composed  of  smaller  arcs  with  their  convexities  directed  outwards 
{C  heir  ant  hus  Cheiri,  &c.),  occur  in  the  middle  line  of  the  radial  and  horizontal  walls 
of  the  cells  concerned.  In  each  cell  these  thickening-ridges  together  form  a  rect- 
angle; they  correspond  in  adjacent  cells,  and  consequenUy  they  collectiv^y  form 
a  network,  having  rectangular  meshes  and  developed  in  tiie  tangential  directioii. 
Further  thickening-ridges  on  the  radial  and  horizontal  walls  are  attached  at  right 
angles  to  these  principal  ridges;  some  of  them  run  towards  the  outer,  some  towards 
the  inner  tangential  waU  of  the  cell ;  the  former  never  extend  on  to  the  outer 
tangential  wall  of  the  cell,  which  is  always  free  from  secondary  thickening ;  the  latter 
behave  similarly  (Iberis  affinis.  Fig.  17,^4),  or  they  form  either  a  network  (Sinapis 
alba.  Fig.  17,  B,  Cheiranthus  Cheiri,  Alyssum  minimum)  or  a  parallel  system  of  stnae 
(Lepidium  sativum,  Fig.  17,  C,  Schizopetaium  Walkeri)  on  the  inner  tangential  waU 
of  thecelL 
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LittfiUnc:  FowBkr,  Redu  anat  ct  Uxinom.  sor  U  fkmille  dei  CniciAret,  Paris,  1866.— Strai- 
bunw,  Spaitofii.,  Pringihrim  Jahrb.,  Bd.  ▼,  1866-7,  p.  333.— Uhlworm,  Bettr.  Eotwickel.-GcKb. 
d.  Tnchoiiie,  BoL  Zdt.  i87|,  ]>.  806  ct  wq.— Reinke,  Sekretioosorg.,  Pringihdm  Jahri>.,  Bd.  1,  i8j6, 
p.  170 — De  Bary,  Vcffl.  Anat.,  1877,  cfpectalW  pp.  64  and  11  a. — Pfiihl,  Anat  d.  Gatt.  Brassum^ 
Stmmfit,  JfsMmtms,  «.  Hapkamisirum^  Uiaa.,  Gioaeii  and  Poicn,  1878. — Mika,  Spbarokrystallc, 
llongafiao  Ui».,  1878,  mc  Jnit  1878,  p.  ja^Worooio,  Pkumodicpk^ra  BrassuM,  io  Pringihdm 
Jahrt.,  Bd.  si,  1878,  p.  548  ct  tcq.— Dntailly,  Apparitioo  tardive  d*el6iieoti  oouTeanx  daos  les  tira 
ct  let  ndaci  dca  DicotjM.,  Tli^,  Paiis  ct  Bordeaox,  1879.— J.  E.  WciM,  Anat  n.  Phjtiol. 
Hciichig  vcrdkkt.  Won.,  Flora  1880,  p.  88  ct  teq.— Schaanchmidt,  Spbarokryitalle,  Magyar 
Duvcayt.  Lapok  1881,  d.  134,  Htmgarlan;  abttract  by  author  in  Bot  CentralbL  188a,  i,  p.  ^6.— 
Vcaanc.  Noor.  Arch.  Mot.  d*hiat.  nat.,  t^r.  a,  t  ▼,  188J-3,  pp.  399*303  and  pi.  18.— J.  E.  Weiss, 
Markst.  GdaabiiBdebyit.,  Bot.  CentralbL  1883,  iii,  p.  390.— Hansen,  Spharokrysulle,  Arb.  bot. 

Instit.  Wursbarg,  Bd.  iii,  1884,  P*  10a Heinricher,  Isolateraler  Blattbaa,  Pringsbeim  Jabrb.,  Bd. 

zv,  1884,  p.  539.-11.  Schenck,  Bild.  ▼.  centrifng.  Wandverdiek.  etc,  Diss.,  Bonn,  1884,  p.  a6  and 
lab.— Volkcat,  Staadort  n.  anat  Baa,  Jahrb.  Berlin.  Garten.,  Bd.  iii,  188^,  p.  39  et  tea. — Dennett, 
Crvcifetac,  Wigand,  Bot.  Hcftc,  i,  1885,  m>.  83-130.— Sams^e  Londog  HjaJmar  Kisrskoo,  Morf.- 
aoatomisk  bctkriv.  af  Brassua  oUracta  L  etc.,  Botanisk  Tidsskrift,  Kjiibenhavn,  Bd.  15,  1885, 
i-iftoandTaf.  1-16.— Solercder,  HoUstraktar,  1885,  p.  61. — Volkens,  Standort  xl  anat.  Baa, 
ahrt».  Berliner  Gart.  1885,  p.  39  et  seq.^O.  Bachmann,  Schildhaare,  separate  copy  from  Flora 
1886,  p.  39  aod  Taf.  x.  Fig.  10.— Hdnncher,  Eiwcissschlaache  der  Cr.  etc,  Mitteil.  oot.  Inst  Gras 
i886,J>.  I  ct  tea.— Hiltncr,  l/ntersuch.  uber  die  Gatt.  Su^mlaria,  Engler,  Bot.  Jahrb.,  Bd.  Tii,  1886, 
p.  3f05-7.— Pichi,  Glandule  del  Buniai  Erucago  L.,  Nuov.  Giom.  bot  Ital.,  toL  xriii,  1886,  p.  5, 
ab.— Pfitt,  BUltMiel,  Diss.,  Marborg.  1886,  pp.  15-33  and  Tab — Heinricher,  HistoL  Differenz. 
H.  pfl.  Obcrhaat,  Mitteil.  natvw.  Ver.  t  Stetermaric  1887,  34  pp.  and  i  Tab.— Lohrer,  Wurxeln, 
Wigand,  Bot  Helte,  U,  1887,  pp.  1-43  and  Tab.  i,  ii.— Petit.  Paiole,  M6n.  Soc  des  sc. 
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et  nat.  de  Bordcaoz,  a^.  3,  t  iii,' 1887,  pp.  307-13  and  pi.  ▼. — Volkens,  Aegypt-arab.  Witste,  1887, 
pp.  90-6  aod  Taf.  i,  ii,  ri,  x  and  xv.  —  Van  Tieghem,  R^seaa  aos-endodermiqae  dc  la  racine  det 
<.r..  Bolt.  Soc  bot  dc  France  1887,  pp.  1 35-30.— Brick,  Bait  Strandpfl.,  Schrift  Danzig,  natorf. 
i;c«cUich.,  N.  F.,  Bd.  vii.  Heft  1,  1888,  p.  33.^Van  Tieghem  ct  Doaliot,  Origine  des  mcmbres 
codogiocs,  Aaa.  sc  oat,  s^.  7,  t  riii,  1888,  p.  33  ct  leq.  and  pi.  i.— Guignsird,  T,ocalisat.  des  prln- 
ci|«s  qsi  foarnisacnt  ks  esacoces  solfotto  des  Cr.,  in  Compt  rend.,  t  cxT,  1890^  p.  349  and  Kech. 
1.  la  localisal.  dca  prindp  act.  des  Cr.,  Joum.  de  bot,  t  iv,  i8|oo,  pp.  385.  41a  and  43^  et  seq. — 
I'laotl,  io  N'attiiL  PAaoacofiun.,  iii.  Tdl,  Abt.  a,  1890,  p.  147. — Warming,  Vidcosk.  Mcddel.  natarh. 
(oteoiog  1891,  p.  157.— Bcoecke,  Nebcnz.  d.  Spaltdfin.,  Bot  Zeit.  189a,  p.  571  ct  seq.— Borzi, 
<  ootribaiioQc  alia  cooosoenxa  dei  fasd  bicoUaterau  delle  Crocifere  etc,  Bifalpigoia  v.  189a,  pp.  316-31 
•od  Tab.  xxii,  sxiiL  —  Briqoct,  Quclqucs  pointi  de  Tanat.  des  Cr.  etc,  Atti  del  coogresso  bot 
interoai.,  Genoa,  1893,  p.  180  ct  seq.  and  Tav.  z,  xi.  —  Cbodat,  Cootrib.  k  IVtade  des  anomalies 
do  bois,  Koogrenbcr.  Genoa,  1893,  p.  144  ct  seq. — Spatxier,  Anftr.  a.  phystolog.  Bedent  des 
Myrocins  in  drr  Pfl.,  Pringsbeim  Jahrb..  Bd.  xxv,  1893,  p.  56  ct  seq.  and  Taf.  iii  —  Herbat.  Markstr., 
Bot.  CentralbL  1894,  i,  p.  .^3i  et  seq. — Kasidl,  Infloencc  do  dimat  mMit.,  Ann.  sc  nat,  s^.  8,  t  i, 
>^5f  P*  344  — Wanoiog,  Halofjrt  Stod.,  K.  Danskc  VkL  Selsk.  Skr.  1897,  pp.  186,  303,  and  305. 
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z.  Review  of  the  Anatomical  Features.  Uniform  structural  features, 
which  characterixe  the  whole  Order,  are  only  present  in  small  number.  Fore- 
most  among  these  are  the  following  characters :  the  vessels  of  the  wood  have 
simple  perforations ;  the  wood-prosenchyma  bears  simple  pits ;  the  stomata 
in  the  mature  leaf  are  surroimaed  by  several  epidermal  cells,  which  are  not 
differentiated  by  their  shape ;  oxalate  of  lime  very  rarely  appears  in  the  form 
of  ordinary  large  solitarv  crystals,  and  is  usually  only  present  in  the  form  of 
clustered  crystals  or  small  prismatic  crystals.  The  presence  of  special  secretory 
cells,  vii.  myrosin-cells,  which  have  so  far  only  been  observedf  in  the  genera 
Capparis^  Ckomu^  Gvnandropsis,  and  Polanisia^  but  are  probably  more  widely 
distributed  in  the  Order,  and  the  occurrence  of  two-armed  and  of  branched 
tmicellular  hairs  (Fig.  19,  B-C)  in  certain  species  of  Catparis  thus  suggest,  on 
anatomical  grounds,  the  relationship  of  the  Capparideae  to  the  Crucifcrae. 
Apart  from  the  above  features,  great  diversity  of  anatomical  structure  prevails 
within  the  Order.  The  numerous  anatomical  characters  can  moreover  only  be 
employed  to  a  mall  extent  in  generic  diagnosis,  and  arc  usually  solely  of  value  in 
specific  diagnosb ;  some  of  them  are  suitable  for  the  recognition  of  certain 
species  as  members  of  their  Order.    Examples  of  the  former  characters  (those 
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chiefly  distinguishing  species)  are :  the  different  types  of  leaf-structure  and 
the  varied  differentiation  of  the  mesophyll ;  fissures  in  the  mesophyll  which 
are  due  to  drying  and  cause  small  transparent  striae  in  the  le^  (species 
of  Capparis,  Forchhammeria,  and  Morisonia) ;  sclerenchymatous  dements  of 
varied  structure  in  the  mesophyll  (Fi^.  i8,  B-C),  either  approximately  isodia- 
metric  and  scarcely  branched  or  unbranched  (species  of  Capfaris,  Cadaba, 
and  Niebuhria),  or  branched  on  all  sides  (species  of  Capparis^  Niebuhria^  and 
Thylachium),  or  elongated  like  palisade- tissue  and  with  branched  or  unbranched 
ends  (species  of  Boscia,  Capparis^  Courbonia,  Niebuhria)^  or  fibrous  and  running 
irregularly  in  the  mesophyll  (species  of  Boscia,  Cadaba^  and  Capparis);  the 
vaned  marking  of  the  cuticle;  the  papillose  differentiation  of  epidennal  cells 
on  the  lower  side  of  the  leaf  (species  of  Courbonia^  CrataevOj  Isomerism  and 
Wislizenia) ;  the  development  of  a  hypoderm  on  the  upper  side  of  the  leaf 


Pig.  I  a.  a  Trnn^-crse  section  through  the  leaf  of  Cmpparis  me^anien^  L.  B,  Transverse  tecttcNi  tlHr<(M(k  the 
leaf  of  Cmtparis  odoratissima^  Jftcq.,  with  fihroosly  eloncrated  tpioiUr  crib  converj^ing  towards  the  bnae  of  a  hair, 
c.  Hair  like  tpicular  cell  of  the  leaf  of  Camparis  dom%Hnnt%9^  Sprensr.  D,  TransYerae  aection  of  tke  leaf  of 
Cmffmrii  gMoia^  Pres^  with  mervoir-tracheidea,  B,  Cpper  epdermts  of  the  leaf  of  Cm$pmr%a  f\m§t\kmMt 
fkont^  L.,  m-ith  crystals  of  jjrypmun.  P.  Upper  eptdermia  of  the  leaf  of  Capfmrit  p^iyanth^^  Tr.  ct  Pl^  lutewite 
containing  crystals  of  gypsanx---c,  Original ;  the  remainder  after  Vesqae. 

(species  of  Capparis) ;  the  structure  of  the  veins  of  the  leaf,  of  the  midrih, 
and  of  the  petiole ;  lastly,  the  different  forms  of  clothing  hairs  (Fig.  19), 
namely  simple  unicellular  hairs,  unicellular  two-armed  hairs  (species  of  Ctf/!- 
^am),  unicellular  stellate  hairs  (species  of  Capparis)^  simple  uniseriate  trichomes, 
emergences  resembhn^  shaggy  hairs  (species  of  Cadaba^  Capparis^  and  Morisoma)^ 
multicellular  hairs  of  vanous  shapes  (species  of  Capparis  and  Steriphoma)^ 
candelabra-hairs  (species  of  Capparis)^  and  lastly,  peltate  hairs  with  varied 
structure  (species  of  Atamtsqis^a^  Cadaba^  Capparis^  and  Morisonia).  Among 
the  characters,  by  which  certain  Capparideae  can  at  once  be  recognixed  as 
members  of  their  Order,  the  following  should  be  especially  enumeratra :  {a)  the 
occurrence  of  peltate  hairs  with  a  snail  'upper  scale'  (Fig.  19,  M)  in 
Atamisqiifa,  in  species  of  Capparis  and  in  Morisonia ;  (b)  the  occurrence  of 
gypsum  (Fig.  18,  E-F)  in  the  form  of  small  prismatic  crystals  or  of  !nphaero> 
crystalline  masses  in  species  of  Capparis^  Cladosiemon,  and  tkylackium.  To  what 
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has  been  taid  above  regarding  the  secretory  organs  of  the  Capparideae,  it 
should  be  added  that  mucilaginous  epidermal  cells  have  not  been  observed  in 
any  case*  further  that  in  the  Cleomeae  peculiar  secretory  cells,  requiring  more 
detailed  investigation,  occur  in  the  immediate  neighbourhood  of  the  vascular 
bundles  of  the  veins,  that  Vesque  found  mucilage-cells  in  the  mesophyU  and 
in  the  parenchyma  of  the  veins  of  the  leaf  in  some  Cappareae,  and  lastly,  that 
external  glands  of  varied  structure  are  scantily  represented  in  the  Cappareae, 
more  abundantly  in  the  Qeomeae.  Finally,  anomalous  stem-structure  in  the 
form  of  '  renewed  successive  rings  of  growth '  has  been  shown  to  occur  in 
the  genera  Maerua^  Raydsia^  Cadaba^  and  Forchhammeria ;  the  secondary 
fings  of  bundles  are  either  intrafascicular  or  extrafascicular  in  origin. 

2.  Structure  of  the  Leaf.  The  leaf-structure  is  well  known,  owin^  to 
the  researches  of  Vesque,  Radlkofer  and  Blenk.  The  structure  of  the  leaf 
belongs  either  to  the  centric  or  to  the  bifacial  type.  The  former  occurs  in  species 
gf  Maerua  (e.g.  Af .  sencgaUnsis,  R.  Br.),  in  Courbonia  glauca^  Brongn.,  in  most 
species  of  Cadaba^  in  species  of  Boscia  (e.g.  B.  microphylla^  Oliv.),  in  many 
species  of  Capparis^  and  also  in  the  Qeomeae  (e.g.  Cleome  chrysaniha).  Bifacial 
leaf-structure  has  been  observed  in  species  of  Thylachium^  Sieriph>ma^  Mori- 
sonia^  Niebukria^  Maerua  (e.g.  Af.  angusiifolia.  Rich.),  in  Cadaba  trifoliata^ 
W.  et  A.,  in  species  of  Boscia  (e.g.  B.  urens,  Welw.),  in  many  species  of  Capparis 
^.g.  C.  NummulariiL,  DC.),  in  Koydsia^  CraUuva^  Ritschiea  fragrans^  R.  Br.  and 
Tovaria  tcndula^  Ruiz  et  Pav.  Apart  from  this  broad  differentiation  of  the 
mesophyU  considerable  differences  are  found  in  the  more  or  less  abundant 
development  of  palisade-parenchyma*  in  the  length  of  the  palisade-cells,  in 
the  dense  or  loose  nature  of  the  spongy  parenchyma*  and  so  on — features  which, 
with  the  necessary  caution^  may  be  made  use  of  for  specific  diagnosis.  In  this 
connexion  it  ought  also  to  be  mentioned  that  the  whole  of  the  mesophyU  is  some- 
times formed  by  palisade- tissue,  which  is  then  usually  (Capparis  galeaia,  Fres.  and 
Cadaba  glandmosa^  Forsk.)  composed  of  short  ceUs.  According  to  Radlkofer, 
a peailiar  fissuring  of  the  tissue  on  the  drying  of  the  leaves  causes  the  appearance 
01  fine  transparent  striae  in  certain  species  oi  Capparis  (C.  callosa^  Bl.,  C.  flexuosa^ 
Bl.,  C.  jamaiccnsisp  Jacq.,  C  isthmensis^  Eichl.,  C.  micracaniha^  DC,  and 
C.  odoraiissima^  J^cq*)*  Morisonia  (Af.  Imrayi,  Griseb.),  and  Forchhammeria 
(F.  apiocarpa,  RadUc.  and  F.  palliaa^  Liebm.).  Another  noteworthy  feature, 
which  is  of  value  in  specific  diagnosis,  is  the  occurrence  of  sderenchyma  in  the 
leaf-tissue.  In  Capparis  xeylanica^  L.  the  lowest  ceU-layer  of  the  spongy  tissue  is 
sclerosed  (Fig.  18,  A).  Much  more  frequently  soUtary  sderenchjmfia-cells  are 
found  in  the  mesophyU ;  they  are  of  varied  shape.  Isodiametric,  unbranched, 
or  almost  unbranched  stone-cells  have  been  observed  in  the  mesophyU  of 
Niebukria  Caffra^  DC.,  Cadaba  rotundifolia,  Forsk.,  Capparis  floribunda^  Wifht, 
and  C.  polyamika^  Tr.  et  PI.  Thylachium  heterophyllum^  Juss.,  Niebuhria  pcdun- 
culosa^  Hochst.,  Capparis  parviflara^  Boiss.,  and  C.  aphylla^  Roth,  possess 
spicular  ceUs,  which  are  branched  in  all  directions.  In  another  series  of  species 
tne  sderenchyma-ceUs  are  elongated  in  the  same  direction  as  the  palisade-ceUs 
(Fig.  z8,  B)f  uid  at  the  same  tmie  vary  in  length  and  are  slightly  branched  or 
unbranched ;  e.g.  in  Boscia  salicifolia^  OUv.,  B.  urens^  Welw.,  Capparis  arborea, 
F.  V.  HulL,  C.  caUosa^  BL,  C.  jamaicensis^  Jacq.,  C.  hngifolia,  Sw.,  C.  lucida. 
Banks,  C.  nobilis^  F.  v.  MiiU.,  C.  odoratissima^  Jacq.,  C.  oUoides^  Burch.,  and 
C./?oMii,Oliv.  Sderenchyma-ceUs,  likewise  elongated  in  the  same  direction  as 
the  fNdisade<eUs,  some  having  almost  the  appearance  of  fibres,  with  branched 
extremities,  are  found  in  Niebuhria  linearis,  DC.,  Courbonia  glauca, 
Brongn.,  Boscia  microphylla,  OUv.,  B,  odandra,  Hochst.,  Capparis  isthmensis, 
Eichl.,  and  C  ThouHana,  F.  v.  MuU.  Lastly,  sderenchyma-fibres,  running 
more  or  less  irrq^ularly  in  the  leaf-tissue,  occur  in  Boscia  retictdaia,  Hochst., 
Cadaba  glandmloia,  Forsk.,  C.  hngifolia,  DC.,  Capparis  pidunadosa^  WaU., 


70  CAPPARIDEAE 

C,  verrucosa^  Jacq.,  and  C.  Yco^  Mart.  Most  of  the  sclerenchyma-cells  in  ques- 
tion are  of  the  nature  of  mesophyll-cells.  An  exception  is  a£Eorded  by  the  sderen- 
chyma-cells  of  Capparis  jamaicensist  which  are  dongated  in  the  same  diiectioD 
as  the  palisade-cells  and  intrude  their  upper  ends  between  the  ^idennal  cells ; 
RadUcofer  has  proved  developmentally  that  these  elements  arise  from  epidermal 
cells.  In  other  species  also  of  Capparis^  viz.  C.  isthmensiSf  C.  odaraUssimM, 
C.  Yco,  C,  domingensis  (Fig.  i8,  C),  &c.,  a  similar  origin  is  indicated  by  the  pene- 
tration of  the  scferenchyma-cells  between  the  epidermal  cells  and  by  the  occa- 
sional very  regular  grouping  of  the  latter  in  the  form  of  a  rosette  around  the 
terminal  part  of  the  spicular  cell,  which  sometimes  projects  as  a  short  hair. 
In  C.  domingensis^  only  part  of  the  body  of  the  sclerench^a-cell  lies  in  the 
mesophyll;  Sie  other  part  projects  like  a  hair  above  the  epidennis. 

In  the  Cappareae  the  epidermal  cells  for  the  most  part  have  straight 
lateral  walls,  rarely  however  these  walls  are  somewhat  strongly  curved  {Sieriphtm^ 
paradoxum^  Endl.,  Caddba  longifoUa^  DC,  Capparis  callosa,  BL,  and  C.  frondosa^ 
Jacq.) ;  both  these  structural  features  occur  in  the  Cleomeae  aJso.  The  cuticle 
IS  either  smooth  or  frequently  it  is  striated.  According  to  present  experience, 
it  appears  that  greater  systematic  value  must  be  attributed  to  the  stiiatioo 
of  the  cuticle  (which  is  sometimes  carried  to  the  extent  of  formation  of  cuticQlar 
ridges)  in  the  Capparideae  than  elsewhere.  Thus,  according  to  Radlkofer,  a  wavfly 
nodular  striation  of  the  cuticle  on  the  lower  side  of  the  leaf  has  proved  to 
be  characteristic  of  the  species  of  Capparis  belonging  to  the  section  Quadrdla, 
while  a  smooth  epidermis  is  found  in  the  species  of  the  section  Breyniasintm. 
Strong  striation  of  the  cuticle  also  occurs,  according  to  Vesque,  in  certain  Qeomeae, 
e.g.  in  Isomeris  and  Wislizenia  refrada^  Engelm.  Granulation  of  the  cutick 
is  rarely  present  in  the  Order,  as  for  example  in  Caf>paris  Sepiana^  L.  on  the  upper 
side  of  the  leaf,  and  in  Cleome  glauca ;  wart-like  mequalities  of  the  cuticle  have 
been  observed  only  in  Capparis  umhdUUa^  R.  Br.  Formation  of  epidennal 
papillae  occurs  on  the  lower  side  of  the  leaf  in  Craiaeva  rdigiosa^  Foist.,  %xA 
C.  Nurvala^  Hamilt.,  and  also  in  Isomeris  and  in  Wislixenia  refrada^  Engelm.  In 
Ccurbonia  glauca,  Brongn.  only  some  of  the  epidermal  cells  (forming  groups  of 
a  few  cells  each)  are  arched  outwards  as  papillae,  and  thus  to  some  extent  recall 
the  differentiation  of  the  epidermis  occurring  so  frequently  in  the  Crndferae. 
Further,  in  Capparis  Yea,  Mart.,  a  considerable  number  of  epidermal  cells 
are  sclerosed  ;  m  C.  frondosa,  Jacq.,  the  whole,  in  C.  micracanfha^  DC.,  only  the 
margin  of  the  outer  wall  is  punctate.  Morisonia  americana^  L.  is  distinguished  Iq^ 
an  extremely  small-celled  epidermis.  In  certain  members  of  the  Order  hypodctm 
is  developed,  e.g.  in  Forchhammeria  and  in  some  species  of  Capparis  (C.  atigusU* 
folia,  H.  B.  K.,  C.  arborea,  F.  v.  Miill,  C.  ludda.  Banks,  C.  nobilis,  F.  v.  M&IL, 
C.  Roxburghii,  DC,  C.  scabrida,  H.  B.  K.).  The  hypoderm  is  usually  only  1-2 
cells  thick,  in  C.  scabrida  5  cells  thick ;  the  hypoderm  of  Capparis  nobHiSf 
which  is  1-2  cells  thick,  contains  stone-cells.  Gelatinixation  of  the  epideamis 
of  the  leaf  has  not  been  observed  in  any  species ;  I  shall  return  later  to  the 
crystalline  contents  of  the  epidermis  when  discussing  crystals  in  generaL 

In  mature  leaves  the  stomata  are  surrounded  by  usually  four  or  even 
more  irregularly  arranged  epidermal  cells  of  ordinary  shape.  Neverthe- 
less, according  to  Vesque,  a  dennite  type  is  ori^ally  present,  whidi  is  obscured 
in  the  mature  leaf.  Thus  the  initial  cell  first  divides  by  a  division*wall 
into  two  daughter-cells  of  equal  size  ;  then  in  one  of  the  latter  the  formatkxi 
of  a  division-wall  at  right  angles  to  the  first  wall  takes  place ;  of  the  last*fonned 
cells  one  is  the  mother-cell  of  the  two  guard-odls,  a  oivision-wall  arising  in  it 
parallel  to  the  first  wall.  As  regards  the  distribution  of  the  stomata,  the 
latter  are  usually  found  on  both  surfaces  in  centrically  constructed  leaves,  but 
for  the  most  part  only  on  the  lower  side  in  bifacial  leaves.  Exceptions  to  this  rale, 
however,  occur.    Thus,  for  example,  the  centric  leaves  of  Capparis  Mariana^ 
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Jacq.,  and  of  Boscia  microphylla^  Oliv.,  have  stomata  only  on  their  lower  sides ; 
the  bifacial  leaves  of  Nubuhria  linearis^  DC.,  Maertta  angusiifolia^  A.  Rich, 
and  Capparis  Nummularia^  DC.  have  stomata  on  both  sides,  though  less 
numerous  on  the  upper  side. 

The  smaller  veins  of  the  leaf  are  almost  always  embedded  in  the  mesophyll. 
They  are  accompanied  by  sderenchyma,  resembling  bast-fibres,  which  may  be 
either  weakly  or  strongly  developed,  or  bv  collenchyma;  in  many  cases 
there  is  no  mechanical  tissue  in  the  veins.  It  may  be  remarked  at  once  that 
the  last  statement  also  holds  good  for  the  vascular  bundles  in  the  principal 
vein  and  in  the  petiole.  True  vertical  transcurrence  of  the  smaller  veins  has 
been  observed  in  Marisania  only ;  the  vascular  system  of  these  veins  is  enclosed  by 
sderenchyma,  which  resembles  hard  bast-fibres,  and  is  continued  above  and 
below  in  the  form  of  plates  reaching  the  epidennis  on  both  sides,  and  spread  out 
laterally  beneath  the  epidermis  in  the  form  of  a  T.  The  smaUer  veins  of  Boscia 
ftticulaUL,  Hochst.,  of  tapparis  Yco,  Hart.,  and  of  C.  xeylanica^  L.  may  also  be 
described  as  vertically  transcurrent  in  consequence  of  the  development  of 
sderenchyma  on  the  upper  and  lower  sides  of  the  vascular  S3^tem.  The 
terminations  of  the  veins  are  developed  in  the  form  of  enlarged  pitted  or  spirally 
striate  tracheides,  serving  as  water-reservoirs  (what  are  called  enlarged  terminsd 
tracheides),  in  the  meshes  of  the  veins  in  species  belonging  to  the  genera  Capparis 
(C.  gaUata^  Fres.,  Fig.  18,  A  C.  Roxht^hii,  DC.,  c.  rupestris^  Sibth.  et  Sm.. 
C.  spinosa^  L.),  and  Ladaba  (C.  het^rotriduL,  Stocks). 

The  vascular  bundles  in  the  midrib  are  mostly  arranged  in  the  form  of 
a  straight  band  or  of  an  arc  projecting  convexly  towards  the  lower  side.  In 
SUripkoma^  Morisonia^  and  Capparis  Packaca^  H.B.K.,  in  addition  to  this 
arc,  there  b  a  second  one  iirversely  orientated  as  regards  the  position  of 
xylem  and  phloem,  whereby  the  differentiation  of  a  ring  of  vascular  bundles  is 
indicated.  In  Capparis  scabrida^  H.  B.  K.,  between  the  lower  arc  of  vascular 
bundles  and  the  upper  inversely  orientated  one,  a  third  arc  is  intercalated 
with  the  same  position  of  xylem  and  phloem  as  in  the  first.  Lastly,  the 
transverse  secticm  of  the  petiole  shows  either  an  arc  or  a  ring  of  vascular 
bundles.  The  last-mentioned  features  can  in  general  only  be  employed  for 
specific  diagnosis. 

The  crystalline  contents  found  in  the  Cappandeae  require  a  more  detailed 
investigation  with  regard  to  their  chemical  nature.  For  hitherto  in  neariy  all 
cases  the  configuration  of  the  crystalline  elements  has  alone  been  described.  In 
this  connexion  the  fact  must  be  emphasized,  that  ordinary  larvae  solitary  crystals 
have  only  very  rarely  been  observed  in  the  Order  (cortex  of  species  of  Porch- 
kmmmteria) ;  more  frequently  clustered  crystals  (see  Fig.  18,  A  and  D)  are  found, 
and  besides  these  smaller  lozenge-shaped  or  prismatic  crystals,  some  of  which, 
when  in  the  right  position,  show  a  six-angled  shape  like  the  conventional  *  star ' 
as  painted  on  a  signboard  (Fig.  18,  E-F).  The  following  statements  may  be  made 
regarding  the  distribution  of  the  crystalline  elements.  Fairly  large  duster^ 
crystals  occupy  nearly  all  the  cells  of  the  mesophyll  in  Capparis  pubifhra^  DC. 
These  are  less  numerous  in  the  mesophyll  of  Capparis  xeylanica^  L. ;  in  C.  keUra- 
cantka^  DC.  several  clustered  crystals  are  found  in  the  same  palisade-cell. 
Prismatic  solitary  orystals  occur  abundantly  in  the  mesophyll,  for  example, 
in  Capparis  SepiariA,  L.,  in  Cadaba  glaniulosa^  Forsk.,  and  C.  kettrotricha^ 
Stocks.    The  latter  are  very  widely  distributed  in  the  epidermb  of  the  leaf. 

A  crystal-containing  epidermis  is  described  as  occurring  in  the  following  Cap- 
parideae  oy  Vesoae  and  Radlkofcr  :  Morisonia  americana,  ll ;  Niebukria  peduncu- 
iosa.  Hochst. ;  Masma  angustifoiia^  A.  Rich.;  Cadaba  rotundifoiia^  Forsk.;  Capparis 


Breynia,  Jaca.,  C.  Cynopkaliopkora^  L.,  C.  divaricata^  Lam.,  C.  Guaya  auiUnsis, 
H.  B.  K.,  C  Heynsana^  wall.,  C.  f'amaicansis,  J^cq.^  C.  linearis,  Jacq.,  c.  mollis^ 
H.  B.  K.,  C.  MioraluftNia,  Jacq.,  C.  pandtda^  Tr.  et  PL,  C.  polyanihi,  Tr.  et  PL, 


fe 
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C.  scabrida,  H.  B.  K.,  C.  tenuisiliqua,  Jacq.,  C.  vsrrucosat  Jacq«,  C.  Yco^  Mart, 
C.  zeylanica^  L.  ;   Forchhammeria. 

As  to  the  chemical  nature  of  the  prismatic  crystals  it  should  be  mentioned, 
in  accordance  with  the  investigations  of  Radlkofer,  that  only  some  of  these 
crystals  (e.g.  those  situated  in  the  epidermis  in  Forchhammeria  and  Capparis 
subcardata.  Span,  and  those  present  in  the  interior  of  the  leaf  of  Capparis 
multiflora.  Hook.  f.  et  Th.,  C.  olacifolia.  Hook,  f .  et  Th.,  C.  pubiflora,  DC.,  and 
C.  Zeyheri,  Turcz.)  consist  of  oxalate  of  lime ;  in  other  species  of  Capparis  they 
prove  to  be  composed  of  sulphate  of  lime.  The  latter  is  the  case,  e.^.,  m  Ca^ppam 
jamaicensis,  J  acq.  and  the  remaining  specie^  of  the  section  QuaareUa  (o.  istt- 
mensis^  Eichl.,  C.  longifolia^  Sw.,  and  C.  odoratissima^  Jacq.). 

The  fact  that  the  last-mentioned  crystals  consist  of  gypsum,  may  be  easily 
proved  by  a  few  micro-chemical  reactions,  viz.  solubility  of  the  crystals  in  water ; 
conversion  of  the  crystals  by  means  of  oxalate  of  ammonia  into  oxalate  of  lime, 
and  determination  of  the  latter  in  the  well-known  way  by  means  of  acetic  add, 
hydrochloric  acid  and  sulphuric  add  ;  lastly,  Conveision  of  the  civstals  into  barium 
sulphate  by  barium  chloride.  Accordiing  to  the  experience  of  Racukofer  in  Capparis 
jamaicensis^  the  abundance  of  gypsum-crystals  in  the  epidermis  occasionally  snows 
considerable  variation,  and  further,  gypsum-crystals  are  sometimes  wanting  in 
this  spedes,  and  are  then  replaced  by  yellowish  sphaero-crystalline  masses  of  gypsum, 
resembling  drops  of  oil ;  it  would  tnus  appear  that  it  is  not  so  much  the  occurreDce 
of  gypsum-crystals  in  the  epidermis,  but  rather  the  presence  of  the  gypsum  forming 
them,  which  is  the  essential  and  characteristic  featiure.  It  is  not  superfluous  to 
note  that  the  statements  made  with  regard  to  the  occurrence  of  crystals  and  of 
spheres  of  gypsum  refer  to  dried  herbarium-material,  but  it  should  be  added  that 
s^ypsum  and  gypsum-spheres  have  also  been  observed  in  the  fully  developed  living 
baf.  It  thus  remains  an  open  question  whether  this  may  not  suways  be  the  case 
and  whether  deposition  of  c^ypsum  takes  place  at  all  on  drying,  unless  its  formatioa 
had  been  initiated  during  the  life  of  the  plant. 

I  am  further  able  to  state  as  an  appendix  to  the  above  that  a  more  detailed 
investigation  on  the  general  features  and  the  nature  of  the  crystals  in  the  Order  has 
been  begun  by  Herr  Jehlin  at  the  suggestion  of  Prof.  Radlkofer.  As  Tehlin  is  not 
at  present  in  a  position  to  bring  his  researches  to  a  condusion,  I  will  briefly  commnni* 
cate  in  this  paragraph  the  results  so  far  arrived  at.  Jehlin  has  examined  a  large 
number  of  species  of  Capparis  and  Cleonu.  With  regard  to  the  spedes  of  CUom$ 
it  should  firstly  be  mentioned,  that,  in  these,  gypsum  occurs  ndther  in  the 
epidermis  nor  in  the  mesophyll ;  where  a  crystal-containing  epidermis  was  met  with, 
tne  crystals  always  consisted  of  oxalate  of  lime  {Cleome  acideata^  L.,  C.  aspera^  WalL, 
C.  gigantea,  L.,  C.  psoraleaefolia,  DC,  C.  pubescens^  Sims.,  C.  pungens^  A^lld., 
C.  scaposa,  DC.»  C.  spinosa,  L.,  C.  trachycarpa,  Klotzsch).  The  spedes  of  Capparis 
differ  in  this  respect,  as  had  already  been  shown  by  Radlkofer's  zeseaiches.  A 
large  group  of  these  spedes  contain  gypsum  in  the  epidermis  in  tiie  form  of 
crystals  or  of  sphaero-crystalline  masses.  In  a  second  group  of  spedes  gypsum  is 
wanting  in  the  epidermis,  but  in  this  case  occurs  sometimes,  thougn  not  alwa]^  in 
the  mesophyll.  A  third  and  quite  small  group  of  the  spedes  contain  no  gypsum, 
but  in  its  place  have  crystals  of  oxalate  of  hme  in  the  epidermis.  To  the  first  category 
of  sjpecies  belong  :  C.  Breynia,  L.,  C.  coccolobaefoiia^  Mart.,  C.  corymbifera^  E.  Mey., 
C.  cynophallophora,  L.,  C.  domineensis^  Spreng.,  C.  ferruginea,  L.,  C.Jrandosa^  J<^*» 
C.  gaieala,  Fres.,  C.  grandis,  L.,  o.  incana,  H.  B.  K,  C.  isthmensis^  EichL,  C.  jamai' 
censis,  J  acq.,  C.  lineaia,  Pers.  var.  glabrescens,  C.  micracantka,  DC,  C.  odorattssima^ 
Jacq.,  C.  ofeoides,  Burch.,  C.  oxysepala,  Wright.,  C.  sabiaefolia^  Hook.  fiL  et  Thorns., 
C.  ienuisiliaua,  Jacq^  C.  Yco,  Mart. ;  to  the  second  category  belong :  C.  divaricata^ 
Lam.,  C.  flexuosa,  Bl.,  C.  grandiflora^  WalL,  C.  lineata,  JDomb.,  C.  korrida^  L, 
C.  membranifolia,  Kurz,  C.  multi flora.  Hook.  fil.  et  Th.,  C.  olacifolia^  Hook.  fiL  et  Th., 
C.  Rothii,  Oliv.,  C.  Roxburghii,  tX^.,  C.  Sepiaria^  L.,  C.  spinosa,  L.,  C.  Unara^  Dalz., 
C.  iomentosa.  Lam.,  C.  viminea.  Hook.  nL  et  Th. ;  lastly,  to  the  third  category 
belong :  C.  formosa,  Dalz.,  C.  Heyneana,  Wall.,  C.  sttbcordtUa^  Span.,  and  C.  ay* 
(anica,  L.^ 

*  The  tenninology  of  the  tpecies  is  that  of  the  Herb. 
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In  connexion  with  the  g3^psum-crystals  just  discussed  it  may  further  be 
mentioned,  that  in  other  genera  besides  CappariSt  namely,  in  Cladostemon 
paradoxus^  A.  Br.  et  Vatke  and  in  Thylachium  panduraefortne^  Juss.,  Blenk 
has  also  observed  sphaero-crystalline  masses,  which  likewise  consist  of 
gypsum  and  are  situated  in  wart-like  elevations  on  the  leaf ;  and  also  that, 
according  to  Radlkofer,  gypsum  appears  to  be  replaced  by  a  double  salt  of 
lime  and  magnesium,  which  is  deposited  in  spherical  massesv  in  certain  species 
of  the  genus  Capparis  (C.  flexuosa,  Bl.,  C.  rupestris,  Sibth.  et  Sm.,  and  C. 
subcordiUa^  Span.). 

Internal  secretory  organs  occur  in  the  form  of  cells,  which  are  filled 
with  proteid-bearing  contents^  staining  yellow  with  iodine  and  distinctly 
showing  Hillon's  reaction.  They  are  b^t  described  as  myrosin-cells,  because 
myrosin  has  been  recognized  in  them  by  Guignard  as  a  specially  characteristic 
component  of  their  contents.  In  the  root  they  occur  in  the  primary  and 
secondary  cortex  as  well  as  in  the  pith  ;  they  are  found  in  the  same  tissues  in 
the  stem ;  in  the  leaf  they  are  either  free  in  the  mesophyll,  in  both  palisade 
and  spongy  tissue,  or  they  only  accompany  the  vascular  bundles  of  the  veins, 
bordering  closely  on  the  sclerench}m:ia-sheath  of  the  latter ;  lastly,  they  are 
also  specially  abundant  (according  to  Guimard)  in  the  floral  organs  ^  In 
shape  these  elements  are  usually  only  slightly  or  not  at  all  distinguished  from 
the  adjacent  cells ;  in  the  cortex  alone  they  are  sometimes  elongated  in  the 
vertical  direction  and  are  arranged  in  groups  of  a  few  placed  vertically  one 
above  another. 

The  myrosin-cells  were  first  demonstrated  by  Heinricher  in  some  species  of 
Capparis  (o.  spinosa  and  two  species  described  as  C.  aegyptiaca  and  C.  kUisiliqua) 
in  tne  mesophyll  as  well  as  in  the  pith  and  cortex  of  the  branches,  and  were  named 
by  him  '  proteid-sacs  '  on  account  of  the  proteid-reactions  of  their  contents.  The 
thin-walled  cells,  with  contents  staining  yellow  with  watery  iodine-solution,  observed 
by  Radlkofcr  in  the  neighbourhood  of  the  vascular  bundles  of  the  veins,  are,  according 
to  the  researches  of  Guignard,  identical  with  these  proteid-sacs  and  hence  also  with 
the  myrosin-cells.  Raalkofer  met  with  them  in  Capparis  jamaicensis  and  subse- 
quently Jehlin,  in  a  further  survey  made  at  Radlkofer's  suggestion,  found  them 
in  a  fairly  large  number  of  species  of  this  genus  '.  Guignard  also  observed  these 
cells  in  Capparis  ferruginsa,  L.,  where  they  were  seen  by  Jehlin,  and  further  in 
C  frondosa^  L.,  in  a  species  described  as  C.  plcUycarpa  and  in  C.  saligna,  Vahl,  and 
called  them  myrosin-ceUs. 

In  this  connexion  the  remaining  statements  of  Guignard  as  to  the  occurrence 
of  the  myrosin-cells  may  be  appended.  It  is  specially  important,  that  the  myrosin- 
cells  are  not  restricted  to  the  genus  Capparis,  but  also  occur  in  other  genera  of  the 
Order,  firstly  in  the  genus  Cleome  (in  this  case  contrary  to  a  statement  of  Hein- 
richer) and  also  in  Gynandropsis  and  Polanisia.  Guignard  observed  myrosin-cells  : 
in  Capparis  spinosa  in  the  pith  and  cortex  of  the  root  and  stem  as  well  as  in  the 
mesophyll ;  in  Clsoms  arborea,  H.  B.  K  in  the  cortex  of  branch  and  root  as  well  as 
in  the  leaf- tissue  ;  in  Cleome  aUiodora^ '  H.  B.'  in  the  cortex  of  branch  and  root ;  in 
Gvnandropsis  speciosa,  DC.  in  the  cortex  of  branch  and  root ;  in  Polanisia  graveoUns 
'  DC'  in  the  cortex  of  the  branch.  More  thorough  investigation  is  required  to 
determine  how  widely  myrodn-cells  are  distributed  in  the  Order. 

Similarly  the  question  of  relation  between  the  thin-walled  cells  (first  observed 
by  Blenk)  and  the  myrosin-cells  has  still  to  be  solved ;  the  former  cells  are  filled 

'  According  to  Gnignafd  mpotin  if  alio  present  in  the  teed  {Capparii  spimosa\  bnt  in  nnall 
quantity ;  the  mjrosin-ceUi  are  here  nnrecof^izable  histolc^cally. 

■  Tbete  are :  Capparis  cocccloboifolia^  C.  ccrymbifera,  C.  Cynopkalhpkora,  C.  divaricaia,  C.ftr^ 
rtt^mea,  C/erm^sm^  C.  gaitata,  C.  grcmdis,  C.  ifKOMS,  C.  lituata,  C  limata  Tar.  giabreuem,  C. 
0dira/iisima,  C,  sput^a,  C.  tcwuntcsa.  In  the  following  spedes,  on  the  other  hand,  thej  were  noc 
obMnred :  C  Brtynia,  C.  Cynophallepkora  ex  parte,  C.  domingtmis,  C.  JUxuosOy  C.  /rmdasa, 
C  grandijioray  C.  liiyneana,  C,  Airrida,  C,  istAm^mis,  C.  trumdrtuti/c/ia,  C,  mianacoMiha,  C,  multi" 
flora,  C.  olacifolim,  C.  eUeidu,  C.  ejnsipaia,  C.  Rothii,  C.  Koxhurghii^  C.  sabiatfalia,  C.  Stpiaria, 
C.  tukerdmia,  C.  temerm,  C,  tenmsifiquti,  C.  pimimea,  C.  Yc^.  (For  the  authors'  names  see. the 
CBUBcrmtioo  of  tht  spcdet  ioTcstigatcd  by  Jehlin  with  regard  to  the  liBalvct  of  their  crystals.) 
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with  special  contents  and  surround  the  bundles  of  the  veins  of  the  leaf  in  the  form 
of  a  sheath  in  all  investigated  Cleomeae  (species  of  the  genera  Dactyltuna^  Cleame, 
Buhsea,  Physostemon,  Cleomella,  Cyrbasium,  Isomeris,  Polanisia,  Gynandropsis\ 
It  may  be  noted  here,  that  Guignard  also  observed  the  cells  in  question  in 
Cleome  alliodora,  H.  B.,  that  he  described  their  contents  as  proteiniferous,  bat  left 
the  question  of  their  relation  to  the  myrosin-cells  open.  Vesque's  statement,  that 
mucuage-cells  sometimes  occur  in  members  of  the  tribe  Cappareae  in  the  meso- 
phyU  or  in  the  parenchyma  of  the  veins  or  petiole,  likewise  needs  further  examina- 
tion as  to  its  correctness ;  Vesque  figures  these  mucilag:e-cells  for  the  petiole  of 
Capparis  heteracantha,  DC.  It  seems  possible  that  this  is  due  to  confusion  with 
myrosin-ceUs. 

The  following  facts  should  be  mentioned  regarding  the  different  forms  of 
hairs  in  the  Capparideae,  and  their  distribution,  as  they  were  only  shortly 
treated  under  the  general  characters.  Firstly,  simple  unicellular  hairs  occur 
in  many  members  of  the  Order.  In  one  series  of  species  these  hairs  are  short, 
and  at  the  same  time  usually  have  thick  walls,  more  rarely  wide  lumina  (Maerud 
scabra^  Camb.,  M.  senegalensiSj  R.  Br.,  M.  uniflora,  Vahl ;  Boscia  octandra^ 
Hochst.,  B.  salicifolia,  Oliv. ;  Capparis  CynophaUophora^  L.,  C.  linearis^  Jacq.). 
Capparis  mollis^  H.  B.  K.,  Roydsia  parviflora.  Griff.,  and  R.  suaveoltns,  Roxb.  have 
longer  unicellular  hairs  ;  in  the  first  plant  they  have  a  wide  lumen  and  show  a 
striated  surface;  in  the  other  two  they  are  thick- walled.  Capparis  Rothii,  Ohv. 
has  ribbon-shaped  unicellular  hairs.  The  lon^  unicellular  hairs  of  Boscia  urens, 
Welw.  are  surrounded  at  their  base  by  subsidiary  cells,  which  project  like  a 
pedestal  above  the  level  of  the  other  epidermal  cells.  Further,  the  uniceUular 
hairs,  which  are  p^niliar  to  certain  species  of  Capparis  (C.  galeaia^  Fres., 
C.  Mariana^  Jacq.,  C.  Nummtdaria^  DC.,  C.  rufestris^  Sibth.  et  Sm.,  C.  satmeniosa, 
F.  V.  M.,  C.  spinosa,  L.,  Fig.  19,  A),  are  quite  characteristic.  These  are  thin- 
walled,  wide-lumened,  ascus-shaped  hairs,  which  are  pointed  at  their  ends, 
attain  their  greatest  breadth  above  the  middle-point  of  their  length,  and  from 
this  point  are  narrowed  gradually  towards  the  base.  Then  there  also  occur 
unicdlular  Malpighian  hairs  (Fig.  19,  J5),  namely  in  Capparis  pubiflara^  DC, 
C.  quiniflora^  DC.,  and  C.  Zeyheri^  Turcz.  If  one  imagines  more  than  two  arms 
to  be  developed  in  these  Malpighian  hairs,  unicellular,  branched,  many-rayed 
hairs  (Eig.  19,  C)  would  be  produced.  These  have  been  observed  in  Capparis 
avicenniaefoliay  H.  B.  K.,  C.  dealbata,  DC,  C.  diversifolia,W.  et  A.,  C.  erythrocarpos^ 
Isert,  C.  foetida,  Bl.,  C.  Heyneana,  Wall.,  C.  horrida,  L.,  C.  Moonii^  Wight,  C.  stylosa, 
DC,  C.  Unera,  Dalz.,  and  C.  zeylanica^  L. ;  they  are  usually  thin-walled,  more 
rarely  (C.  diversifolia  and  C.  tenera)  thick-walled.  Besides  the  unic^ular 
trichomes  referred  to  so  far,  simple  uniseriate  hairs  also  occur  in  the  Order,  namely 
in  Maerua  aeihiopica^  Oliv.,  and  in  many  species  of  Capparis^  e.g.  C.  ciirifoliMj 
Lam.,  C.  lanceolaris,  DC,  and  C.  tomentosa.  Lam.  They  are  usually  long  and  have 
fairly  thick  walls,  more  rarely  (C.  Thozetiana^  F.  v.  MiiU.)  they  are  short,  and 
consist  of  a  varied  number  of  cells.  Unicellular  and  uniseriate  trichomes 
occurring  side  by  side  have  been  demonstrated  in  C.  f>olymarpha^  A.  Rich. 
Emergences  resembling  shaggy  hairs  are  rare.  The  following  belong  to  this 
category :  the  rather  long  shaggy  hairs  of  Cadaba  capparoides,  DC.  omsisting 
of  a  few  bicellular  cell-rows,  each  of  which  terminates  in  an  acutdy  papillose 
cell  (Fig.  19,  D) ;  the  short  analogously  constituted  shaggy  hairs  of  Marisonia 
americana,  L. ;  and  the  hemispherical,  multicellular  emergences  of  Capparis 
verrucosa^  Jacq.,  on  which  separate  1-3-celled  trichomes  are  inserted  (Fig.  19,  £). 
Like  the  shaggy  hairs,  multicellular  stellate  hairs  are  also  unconunon.  The 
latter  consist  of  a  multiseriate  pedestal,  on  the  apex  of  which  are  inserted 
a  variable  number  of  ray-cells,  which  either  lie  in  one  plane,  or  radiate  in 
different  directions.  To  the  first  category  of  these  stellate  hairs,  vix.  those 
with  the  rav-cells  lying  in  the  same  plane,  belong  those  of  Steripkoma  para* 
doium,  Endl.  (Fig.  19,  F-G)  and  S.  peruvianum^  Spruce,    A  specially  note- 
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worthy  feature  in  these  hairs  is  that  above  the  expanded  tsys  a  layer  of 
cells  is  found  presenting  the  form  of  very  short  ra)rs  only  differentiated  as 
papillae  (a  sa-<^ed  upper  scale,  'oberes  Sdiiilferchen  ').  Owing  to  this  latter 
feature  a  double  connecting  link,  so  to  speak,  is  formed,  on  the  one  hand 
with  the  small  peltate  scales  of  the  Capparideae,  to  be  discussed  later,  on  the 


ria  19.    Hainr  corcrisf  oT  the  Capniridne 
•/m.  L. :  O.  CmMm  mffmrmdts,  DC 


A,  Cm^^mrfs  fpimmm,  L.;  ^C.  fmimi/Uim^  DC. ;  C,  C. 


BaST; 


DC. :  1;  Cmffmris  vtrrmt»m,  Jacq. ;  P'-G,  SitrifA^mm  ^rmdgjrmm,  Badf ; 
rwymim^  Jacq.— I,  OnciaaJt  Uk  rcat  after  Vesqac. 


iicn;  M,  Capfarit  Brtjmn^ 

other  hand,  with  the  second  category  of  stellate  hairs,  the  brush-shaped  type, 
in  which  the  ray-cells  radiate  in  all  directions  (Fig.  19,  K).  The  latter  have 
only  been  observed  in  species  of  Catparis  (C.  anguslifolia^  H.  B.  K.,  C.  Breynia^ 
Jacq.,  C.  crotonoides^  H.  B.  K.,  C.  ieUmsa^  Tr.  et  PL,  C.  (enuginea^  L.,  C. 
incama,  H.  B.  K^  C.  scabrida,  H.  B.  K.,  C.  Yco,  Mart.).  With  the  brush- 
shaped  stellate  hairs  one  may  also  class  the  candelabra-hairs  of  Capparis  iamin- 
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gensiSy  Spreng.  (Fig.  19,  /),  transitions  to  which  occur  in  C.  ferruginea.  I  ncnr 
come  to  speaJk  of  the  peltate  hairs;  among  these  may  be  classed  the  trichomes 
of  Cadaba  heterotrichay  Stocks  (cf .  Vesque,  £ph.  Tab.  XIX)»  in  which  the  pointed 
and  rather  thick- walled  cells  are  only  united  for  half  their  length,  and  fonn  a 
six-rayed  star,  on  which,  to  judge  by  Vesque's  figure,  a  second  smaller  plate  of 
cells,  a  so-called  upper  scale,  is  inserted.  Other  species  of  Cadaba  have  dinerendy 
constituted  scales.  In  these  the  margin  of  the  shield  has  an  almost  circular 
outline,  and  is  slightly  crenate  in  consequence  of  slight  projection  of  the  cells 
of  the  shield  ;  in  surface- view  the  shield  consists  either  of  a  single  ring  of  cells 
(Cadaba  longifolia,  DC.)  or  a  double  ring  (C.  farinosa,  Forsk.,  Fig.  19,  K);  the 
upper  scale  is  absent.  The  peltate  hairs  of  Atamisauca  emarginaia^  Hiers 
(Fig.  19,  L)  agree  with  those  of  Cadaba,  which  have  just  been  described,  in  their 
form  and  the  nature  of  the  margin,  but  possess  a  distinct  upper  scale.  The  latter 
occurs  quite  generally  in  the  peltate  hairs  of  the  species  01  Capparis{C.  Breynia, 
Fig.  IQ,  M,  C.  jamaicensis,  C.  isthmensis,  C.  Umgifolia^  and  C.  odoraHssima) 
as  well  as  in  those  of  Morisonia  americanay  L.,  and  M.  Itnrayi^  Griseb. ;  the 
thick- walled  cells  of  the  shields  of  these  hairs  project  like  rays  at  the  margin. 

Glandular  hairs  and  glandular  shaggy  hairs  are  rare  in  the  tribe  Cappareae, 
but  are  common  in  the  Cleomeae.  The  glandular  hairs  of  Cadaba  glandulosa^ 
Forsk.  have  a  uni-  to  multiseriate  stalk  and  a  few-  to  many-celled  head.  In 
the  tribe  Cleomeae  they  are  variously  constructed^  being  either  sessile  or 
stalked,  and  in  the  latter  case  provided  with  a  uni-  or  multiseriate  stalk,  and 
furnished  with  a  unicellular  or  multicellular  head. 

3.  Structure  of  the  Axis.  The  structure  of  the  axis  of  the  Capparideae 
has  so  far  been  little  investigated.  The  following  facts  should  be  quot^  with 
regard  to  the  anatomy  of  the  cortex^  chiefly  from  Moller*.  The  cork  arises 
either  from  the  epidermis  (Craiaeva)  or  from  the  outer  and  partly  also  from 
deeper  layers  of  the  primary  cortex  (Capparis).  In  Capparis  the  cork-cells  have 
thin  walls,  in  Craiaeva  they  become  sclerosed  on  one  side.  Formation  of 
aerenchyma  is  stated  by  H.  Schenck  to  occur  in  the  lower  part  of  the  stem  of 
specimens  of  CUome  spinosa  from  swampy  habitats ;  the  formative  tissue  of  this 
aerenchyma  arises  in  the  innermost  part  of  the  primary  cortex.  In  Crataeua  the 
primary  cortex  contains  groups  of  stone-cells ;  m  the  species  of  Farchhammeria  it 
contains  extraordinarily  numerous  stone-cells,  the  cavities  of  which  are  for  the 
most  part  filled  with  large  solitary  crystals  of  oxalate  of  lime.  In  Capparis 
frondosa  the  primary  cortex  at  an  early  stage  contains  a  closed  ring  of  stone- 
cells.  The  pericycle  is  formed  by  groups  of  bast-fibres,  which  are  united  by 
intervening  stone-cells  into  incomplete  {Capparis^  Craiaeva)  or  complete 
(Roydsia)  sclerenchymatous  rings.  Bast-fibres  are  wanting  in  the  secondary 
bast,  and  stone  cells  occur  in  the  latter  only  in  the  tissue  of  the  medullary  rays. 

In  the  species  investigated  by  me*  the  xylem  shows  medullary  rays  from 
two  to  four  cells  broad ;  according  to  H.  Schenck,  the  medullary  rays  of  the 
wood  of  Capparis  lineata,  Domb.  have  a  considerably  greater  breadth.  The 
vessels  possess  lumina  of  various  sizes  (maximum  diameter,  .036—078  mm.).  On 
their  walls  the  vessels  bear  bordered  pits  of  varied  size,  and  these  are  also  present 
in  contact  with  medullary-ray-parenchyma.  The  transverse  walls  of  the  vessels 
have  simple  perforations.  Spiral  thickening  of  the  wall  has  been  observed  in  the 

Eitted  vessels  of  Cleome  rosea.    Wood-parenchyma  is  found  in  the  neighbour- 
ood  of  the  vessels,  and  sometimes  in  no  small  amount.    The  wood-prosenchyma 
has  simple  pits. 


*  Moller  only  investigated  Capparis  frondosa,  L.,  Crataeva  MmrvaU^  Hamilt,  C.  rtligUsm,  Font, 
and  C.  Tapia,  L. 

*  These  are  :    Camparis  jamaicensis,  Jaca.,  Cadaba  farinosa,  Fonk.,  Aiamispiia  $mmriimmta. 
Mien,  Cleome  rosea,  Vahl,  isomeris  arborea,  NntL 
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Anomalous  stem-structtire  has  been  met  with  in  the  genera  Maerua, 
Roydsia^  Caidba^  and  Forchhammeria  in  the  form  of  successive  rings  of  growth. 
In  Afaerua  uniflora^  according  to  De  Bary,  the  secondary  rings  of  vascular 
bundles  arise  intrafascicularly,  in  the  zone  of  bast  itself ;  in  Forchhammeria 
trifoliata^  Radlk.,  Maerua  oUongifolia^  A.  Rich.,  and  Roydsia  \  according  to 
Radlkofer,  they  arise  on  the  inner  side  of  the  sclerenchyma  of  the  pericycle. 
Forchhammeria  apiocarpa^  Radlk.,  and  F.  pallida^  Liebm.,  accordine;  to  RadUcofer, 
behave  differently,  for  in  them  the  secondary  rings  of  growth  take  their  origin 
on  the  outer  side  of  the  pericyclic  sclerenchyma.  The  primary  hard  bast  of 
the  original  ring  of  vascular  bundles  here  becomes  completely  enclosed  by  the 
first  ring  of  growth  ;  the  latter  contains  no  hard  bast.  The  formation  of  the 
secondary  bundle-rin^  of  Cadaba  glandulosa  likewise  takes  place  in  the  outer 
cortex  according  to  Kriiger.  To  complete  the  review  of  the  anomalous  axes, 
which  have  been  described  in  detail,  it  may  be  added  that  the  successive  zones 
of  soft  bast  form  continuous  rinfi;s  in  the  transverse  section  in  Maerua  and 
Forchhammeria^  but  in  Roydsia  they  are  broken  up  into  separate  groups  of 
soft  bast  by  the  lignified,  fairly  broad  medullary  rays,  which  traverse  the  whole 
xylem-mass  radially.  Lastly,  it  may  also  be  mentioned,  that  the  Capparis- 
lianes  investigated  by  H.  Schenck  have  a  xylem-mass  of  normal  structure. 

Addendum.  According  to  Lagerheim,  the  genus  Tovaria,  which  is  usually 
doubtfully  appended  to  the  Capparideae,  possesses  no  noteworthy  anatomical 
features,  by  which  the  question  of  its  affinity  might  be  decided,  except  '  large 
idioblasts  apparently  containing  mucilage,'  which  are  situated  in  the  primary  cortex. 

litermtine:  MoUcr,  Holianatomie,  Denkschr.  Wiener  Akad.  1876,  pp.  73,  74  and  369.  370. — 
De  Buy,  Verj^l.  Anat,  1877,  p.  6o6.~Mdller,  Rindenanat.,  i88a,  pp.  a34-6.^Vetqiie,  Monogr. 
anal,  ct  detcnpC.  de  la  tribn  dcs  Capparto,  Ado.  sc.  nat.,  s^r.  6,  t.  xiii,  i88a,  pp.  ^7-1^3,  PI.  i,  ii. 
— Vetqne,  Noav.  Ardi,  Mot.  d*hist.  oat.,  s^r.  a,  t.  ▼,  i88a-3,  pp.  304-11.— Blenk,  Flora,  1884, 
p,  loa  et  teq.,  separate  copy,  pp.  i6-ao.— [Filarttky,  Sjtt.  Stell.,  Anat.  etc.  der  Cleomeae,  Hon- 
gmrian,  Badapest,  1884,  48  pp.  and  6  Tab.>^Krdger,  Anomale  Holzbild.,  Di».,  Leipdg  and  Nanen, 
1884,  p.  ai. — Radlkofer,  Fcrthhammtria,  Sitz.-Ber.  Miinch.  Akad.  18841  P*  5^  etteq.  and  Capparu- 
Arteo,  Siti.-Ber.  MUnch.  Akad.  1884,  p.  loi  et  leq. — Volkens,  Standort  n.  anat  Ban,  Jahrb.  Berliner 
Gait.  1884,  p.3a  et  leq.— Solereder,  Holistniktar,  1885,  pp.  6a,  63.— O.  Bachmann,  Schildhaare,  Flora 
1886,  leparate  copy,  pp.  a9-3i  and  Taf.  x,  Fig.  ao.~ffeinricher,  Mitteil.  bot.  Intt.  Graz,  Heft  i, 
1886,  p.  46.— Radlkoter,  Sitz.-Ber.  Miinch.  Akad.  1886,  p.  301.— Radlkoftr,  Capparis- hxMoi  II. 
Sita.-Ber.  Miinch.  Akad.  1887,  p.  365  et  leq.— Vetqne,  Epharmods  I,  Vincennes,  1887,  10  pp.  and 
77  Tab.— Volkent,  Aegypt.-anib.  WOste,  1887,  pp.  96,  97  and  Tab.  vi  and  ix.— H.  Schenck, 
Aerenchym,  Pringiheim  Jahrb.,  Bd.  zz,  i88g,  p.  550.  ^  Paz,  in  Natiirl.  Pflanxenfiun.,  iii.  Tell, 
Abt.  a,  1891,  p.  aio  et  aeq.— Lagerheim,  ToTariaceen,  Sitz.-Ber.  deutich.  bot  Geidlidi^  189a, 
pp.  168,  i69.---Uuignard,  Prindpet  actifi  chez  les  Capparidacto  etc,  Journal  de  bot.,  t  yii,  1893, 
pp.  350-64. — H.  &hendc,  Anat.  der  Lianen,  1893,  pp.  70,  71. — Radlkofer,  Field  Colnmb.  Mot. 
Chicago.  Tol.  i,  n.  4,  1898,  p.  399. 
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The  anatomy  of  this  Order  is  chiefly  known  through  the  researches  of  Vesque  • 
and  Volkens ".  For  the  diagnosis  of  the  Order  the  following  characters  may  be 
pointed  out :  simple  perforations  of  the  vessels ;  wood-prosenchyma  having 
simple  pits ;  lack  of  special  stomatal  apparatus ;  absence  of  crystals  of 
oxalate  of  lime,  as  well  as  of  sclerenchymatous  tissue-elements  in  the  veins  of 
the  leaf ;  occurrence  of  simple  unicellular  trichomes  mostly  rounded  off  at 
the  apex,  whUe  glandular  hairs  are  absent.  The  occurrence  of  m3n*osin-cells 
in  the  genus  R^eda  and  the  histological  differentiation  of  the  epidermis  of 
the  leaf  (Fig.  20,  A-B)  in  this  genus,  which  is  similar  to  that  found  in  the 


'  I  have  met  with  anomalons  ttero-ttmctnre  thronghoat  in  the  speciei  contained  in  the  Ilerb. 
Mooac.  (^.Jf^6umda,  Planch.,  A',  patvifl^ra^  Griff.,  and  R.  iuaveoltm^  Roxb.\ 

*  Veiqae,  Noiit.  Arch.  Mus.  d*hut.  nat.,  s^r.  a,  t.  v,  1883-3,  pp.  311-14  and  PI.  19. 

*  Volkens,  Acgypt-amb.  Wiiste,  1887,  pp.  98-101  and  Taf.  iii  and  Tii* 
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Cruciferae,  is  an  anatomical  indication  of  the  relationship  of  the  Reseda- 
ceae  to  the  Cruciferae,  and  in  part,  as  regards  the  myrosin-ceUs^  to  the 
Capparideae  also. 

The  following  may  be  mentioned  as  to  the  more  detailed  features  of  the 
leaf-structure.  Tne  mesophyll  shows  either  no  differentiation  or  indistinct 
bifacial  structure  or  lastly,  centric  structure,  the  latter,  e.g.  in  Ockradenus 
baccaius,  Del.,  Oligameris  subtdaia,  Webb,  &c.  The  leaves  with  centric  structure 
contain  colourless  parenchyma  in  the  middle  of  the  leaf  or  at  any  rate  paren- 
chyma which  is  poor  in  chlorophyll  (aqueous  tissue).  In  plants  with  reduced 
leaves,  such  as  Ockradenus  bacccUus^  the  primary  cortex  takes  over  the 
assimilatory  function  of  the  mesophyll  and  in  correspondence  with  this  circum- 
stance consists  of  palisade-cells.  The  lateral  walls  of  the  epidermal  cells  are 
mosdy  undulated,  more  rarely  straight.    Gelatinization  of  the  inner  wall  occurs 

in  the  epidermis  of  the  leaf  of  Cay- 
lusea  canescenSf  St.  Hil.,  Ockradenus 
baccaius,  Del.*,  Oligomeris  subu- 
lata  Webb  (Fig.  20,  A^B),  Reseda 
arabica^  Boiss.,  R.  Boissiere  MQll. 
Arg.,  R.  decursiva^  Forsk.  and  R, 
Pruinosa^  Del.  In  certain  q)ecies 
there  is  a  still  more  pronounced 
histological  differentiation  of  the 
epidermis  (Fig.  20,  A-B)^  inas- 
much as  certain  epidennal  cells 
are  specially  distinguished  by  their 
form  and  size  from  the  remaining 
cells,  and  consequently  strike  the 
eye.  Large  epidermal  cells  of  this 
kind  occur  fiistlv  in  all  the  species 
of  Reseda  named  above;  in  IC.  ara- 
bica  they  project  as  papillae  above 
the  leaf-surface ;  in  R.  pruinosa 
they  are  so  large  that  they  can  be 
•  A-y.  gif^om^rusuhuuti,  Webb.  A,  Traw«rfic  seen  with  the  naked  eye,  and  the 

C^Tricbome  of  cKc  ax«  cT  tUudm  odJrmim.^^-%   WholC  plant  m  the  UVinff  COndltlOD 

'*"  "  "  appears  as  if  covered  with  littledrops 

of  water.  Further,  the  same  large 
cells,  which  project  as  papillae  and  serve  for  the  storage  of  water,  are  also 
present  in  Oligomeris  subulaia  (Fig.  20,  A-B)  and  in  Caylusea  canescens^ 
where  they  occur  chiefly  in  the  neighbourhood  of  the  leaf-margin,  exhibiting 
all  transitions  from  simple  papillose  protrusions  to  long  unicellular  hairs. 
In  the  mature  leaf  the  stomata  are  generally  surrounded  by  3-4,  rarely  by 
more,  epidermal  cells,  which  are  not  differentiated  by  their  shape.  According 
to  Vesque,  however,  there  is  a  definite  mode  of  development.  The  mother- 
cell  of  the  two  guard-cells  is  usually  cut  off  by  the  first  division  in  an  ana- 
logous manner  to  the  course  of  development  in  the  Ranunculaceae ;  only  rarely 
is  the  first  division-wall,  which  is  U-shaped  in  surface-view,  followed  by  a 
second.  In  Reseda  arabica^  R.  Boissieri,  &c.,  and  in  Oligomeris  subulaia  the 
stomata  are  equally  distributed  on  both  sides  of  the  leaf.  The  vascular  bundles 
of  the  smaller  veins  of  the  leaf  arc  embedded  in  the  mesophyll  and  possess  no 
mechanical  tissue.    The  petiole'  contains  a  single  vascular  bundle  likewise 


Pio.  10.   A-m,  Oi^ 
wctkw  tbrovi  ' 
dMirafL    . 
Aftv  VoUmw :  c,  after  Vetqve. 


*  Tbe  mucilaginonf  cpidcmuil  cells  of  thit  plant  were  wroogly  interpreted  by  Vciqne  (loc.  dt., 
p.  313  and  V\,  19). 

*  See  also  Plitt,  Blattsticl,  Diss.,  Marburg,  18S6,  p.  24  etc 
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destitute  of  sderenchyma  (Astrocarpus  sesamoids)  or,  as  in  the  grooved 
petioles  of  Reseda  alba  and  other  species,  several  vascular  bundles,  wl^ch^are 
isolated  and  arranged  in  the  form  of  an  arc. 

The  lack  of  crystals  has  already  been  shortly  mentioned  above;  as  also 
have  the  epidermal  cells  with  mucilaginous  inner  membranes.  With  the 
latter  feature  we  may  class  the  occurrence  of  mucilage-cells  in  the  primary 
cortex  of  Ochradenus  baccatus^  their  occurrence  in  the  neighbourhooa  of  the 
veins  of  the  leaf  in  Caylusea  abyssinica^  Fisch.  et  Mey.  and  C.  canescens 
(in  the  latter  especially  at  the  terminations  of  the  bundles  of  the  veins)  and  in 
the  middle  of  the  mesophyll  of  Randonia  africana.  The  occurrence  of  myrosin 
in  the  Resedaceae  now  requires  further  discussion.  It  was  discovered  by 
Spatxier '  in  Reseda^  and  was  investigated  more  closely  by  Guignard  *.  In  the 
stem  and  root  of  Reseda  the  myrosin  is  present  in  special  cells,  which  are  often 
distinguished  by  their  length,  but  alwajfs  by  the  chemical  and  physical  nature 
of  their  contents,  which  show  Millon's  reaction  distinctly.  Guignard  has 
demonstrated  these  cells  in  the  bast  of  the  root  of  Reseda  alba^  R.  lutea^ 
R.  luUola  and  R.  odoraia^  and  has  shown  them  to  be  specially  abundant 
in  R.  lulea  ;  he  found  them  also  in  the  bast  of  the  stem  in  R.  alba  and  R.  lulea^ 
less  distinctly  in  R,  luUola  and  R.  odorata.  Moreover,  the  stomata  of  the  stem 
as  well  as  those  of  the  leaf  are  distinguished  by  the  presence  of  a  considerable 
amount  of  mvrosin.  Distinct  myrosin-cells  cannot  be  recognized  in  the  internal 
tissue  of  the  leaf. 

With  regard  to  the  hairy  covering,  the  absence  of  elandular  hairs  and  the 
occurrence  of  simple  unicellular  trichomes  have  already  been  mentioned  above. 
The  latter  have  wide  lumina  ;  in  Reseda  odorata  they  are  seated  on  the  tips  of 
short,  small-celled  emergences  resembling  shaggy  hairs  (Fig.  20,  C). 

In  the  stem-structure  of  Ochradenus  baccatus\  according  to  Volkens, 
the  following  points  are  worthy  of  note,  in  addition  to  what  has  already  been 
stated  above.  With  increasing  age  of  the  branch  a  number  of  the  epidermal 
cells  become  sclerosed.  Isolated  groups  of  bast-fibres  are  present  at  the  outer 
limit  of  the  bast.  Besides  the  vessels  and  tracheides,  the  xylem  contains 
wood-prosenchyma  with  simple  pits,  thick  walls  and  narrow  lumina,  and 
narrow  i'2-senate  medullary  rays. 

CISTINEAE. 

The  members  of  this  small  Order  are  characterized  anatomically  by  the 
occurrence  of  unicellular  thick-walled  hairs  of  special  structure  (for  these  see 
below  and  Fig.  21,  i4),  which  are  freouently  {Cistus,  Helianikemum)  united  into 
star-like  or  brush-like  tufted  hairs  (Fig.  21,  B-D)  or  rarely  into  peltate  hairs 
(Fi|?.  21,  £),  and  by  the  presence  of  glandular  hairs,  which  always  consist  of 
only  one  row  of  cells,  but  otherwise  vary  in  structure  (see  Fig.  21,  F-G). 
Further,  stress  may  be  laid  on  the  following  features  for  the  diagnosis  of  the 
Order  :  the  simple  perforations  of  the  xylem-vessels  which  alwa>*s  have  small 
lumina  ;  the  narrow  medullary  rays  ;  the  bordered  pitting  of  the  wood-prosen- 
ch\*ma ;  the  excretion  of  oxalate  of  lime  in  the  form  of  clustered  ciystals ; 
and  finally,  the  lack  of  special  internal  secretory  elements. 

The   structure   of    the   leaf*   is    sometimes    bifacial,   more   frequently 


*  Mjrmtin  to  dcr  Pfl.,  Prin^ihcira  Jahrb.,  Dd.  xxr,  1S93,  pp.  54,  55  and  70,  71. 

'  LocaliiaL  det  princ  act.  chex  1»  Capparideet  etc.,  Joarn.  de  BoC.,  t.  rit,  1893,  pp.  444~55* 
'  Sec  alio:   Solcredcr,  Holistr..  18S5,  p.  63;    Herbft,  Markstrahlen,  Bot  Ccntralbl.,  1894,  i, 
p.  333  ct  }«q. ;  KaMcU,  Infl.  da  dimat  m^iterr.,  Ann.  k.  nat ,  i^.  R,  t.  i,  pp.  3>9-3>- 

*  Tbe  following  dacripdon  of  the  leaf-structure  u  based  chiefly  on  the  statementi  of  Vesque 
loc.  dt.  . 
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centric  (Helianthemum  Fumana^  Mill.,  &c.) ;  in  both  cases  the  palisade- 
parenchyma  is  strongly  developed.  The  lateral  walls  of  the  epidermal 
cells  are  straight  or  curved.  In  the  very  small  leaves  of  Lechea  Novae- 
Cesareae,  Aust.  the  nature  of  the  epidermis  is  specially  striking,  its  cells  attaining 
a  considerable  size,  in  correspondence  with  their  function  as  water-reservoirs. 
I  have  casually  observed  gelatinization  of  the  epidermis  of  the  leaf  in  Helian- 
thetnum  squamatum^  Pers.,  and  the  same  is  described  by  A.  Wagner  for  H.  aipestre 
and  by  Grevillius  for  H,  odandicum.  The  stomata  are  found  on  both  sides  of 
the  leaf  in  most  of  the  species  ;  in  Cistus  they  appear  to  be  always  absent  on 
the  upper  side.  Special  subsidiary  cells  are  not  developed  in  the  Cistineae. 
A  dennite  type  of  stoma,  however,  appears  to  be  characteristic  of  the  Order, 
but  can  only  be  clearly  recognized  by  stud5dng  the  development  in  young 
leaves;  it  is  mostly  obhterated  in  mature  leaves;  thus  for  the  formation  of 
the  guard-cells  a  primordial  epidermal  cell  in  the  first  place  divides  into  two 
daughter-cells,  one  of  the  latter  then  divides  again,  by  a  secondary  division- 
wsJl  placed  at  right  angles  to  the  first  wall,  into  two  daughter-cells  of  the 
second  order,  and  one  of  these  by  a  new  division  gives  rise  to  the  guard-cells ; 
according  to  the  process  of  division  described  the  stoma  (i.e.  the  two  guard- 
cells)  thus  forms  a  quarter  of  the  primordial  mother-cell. 

The  small  veins  are  mostly  embedded  in  the  green  parenchyma  or 
sometimes  {Helianihemum  kahiricum,  Del.)  in  a  colourless  middle-layer  of  the 
leaf  ;  the  vascular  bundles  of  the  larger  veins  and  likewise  of  the  median  veins 
are  now  and  then  connected  with  the  epidermis  by  colourless,  sometimes 
coUenchymatous  parenchyma  (e.g.  the  larger  bundles  of  the  veins  of  Cisius 
ladanifcrus^  L.  are  thus  connected  with  the  upper  epidermis).  As  a  rule 
mechanical  tissue  accompanying  the  bvmdles  is  not  developed ;  an  exception 
to  this  is  presented  by  Hudsonia  cricoides,  L. 

In  Helianthemum  the  petiole  contains  a  single  arc-shaped  vascular  bundle. 
In  the  species  of  Cistus  five  vascular  bundles  are  present,  and  together  form 
an  arc ;  of  these  the  middle  bundle  is  the  largest. 

Oxalate  of  lime  occurs  in  the  leaf  or  in  the  parenchyma  of  the  axis  in  the 
form  of  clustered  crystals. 

The  hairy  covering  in  the  Cistineae  is  formed,  as  has  already  been  stated 
above,  by  clothing  and  glandular  hairs.  The  clothing  hairs  in  the  simplest  case  are 
unicellular,  simple,  thick- walled  hairs  {Cistus^  Hudsonia,  Lechea),  but,  according 
to  my  observations,  have  quite  a  special  structure,  which  this  Order  shares 
with  the  Combretaceae,  For  within  the  base  of  the  simple  hair  a  second 
smsdler  hair-cell,  pointed  at  its  end  and  likewise  thick-walled,  appears  to  be 
inserted.  In  preparations  treated  with  eau  de  Javelle,  it  is  rendered  specially 
evident  by  the  yellow  coloration  of  its  wall  in  contrast  to  the  white  cell-wall 
of  the  hair  proper.  Manifestly  one  is  here  concerned  with  a  phenomenon, 
which  is  homologous  with  what  is  called  the  formation  of  cellulose-caps  in  simple 
hairs  in  other  Orders,  and  the  development  of  the  hairs  in  question  will  probably 
be  the  same  as  in  the  hairs  of  Combretaceae  investigated  by  Heiden.  After  the 
wall  of  the  hair  has  become  thickened,  and  its  lumen  has  become  correspondingly 
narrow,  the  protoplasm  retracts  to  the  basal  part  of  the  hair  and  secretes  a 
cellulose-cap  on  the  side,  which  is  directed  towards  the  apex  of  the  hair,  the 
cap  projectmg  acutely  into  the  upper  part  of  the  latter.  I  have  occasionally 
met  with  this  doubling  of  the  hair  in  the  longitudinal  direction  in  the  simple 
unicellular  trichomes  of  Cistus  creticus,  L.  (Fig.  21,  i4),  C.  ladaniferus,  L.,  L^hea 
major,  Michx.,  and  Hudsonia  ericoides,  L.,  and  it  is  probably  characteristic  of 
the  simple  trichomes  of  the  Cistineae,  as  has  been  proved  (by  Heiden)  for  the 
hairs  of  the  Combretaceae.  Sometimes  in  the  same  species,  side  by  ^e 
with  the  simple  unicellular  hairs,  tufted  hairs  may  occur.  These  consbt 
of  a  variable  number  of  simple,  unicellular,  thick-walled  hairs»  which  are 
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sunk  tide  by  tide  in  the  epidermis.  In  appearance  the  tufted  hairs 
mre  either  brush-like,  when  the  separate  hairs  stand  more  or  less  vertically, 
or  steDate,  when  the  component  hairs  are  spread  out  in  a  plane  paralld  to  the 
epidennis  (both  kinds  in  Helianthemum  pUosum).  The  individual  hairs  of  these 
taf  ted  hairs  sometimes  also  show  the  doublixig  described  above  in  the  single 
hain,  eq>eciallv  when  they  are  long  {Cistus  creticus.  Fig.  2i»  B).  A  peculiar 
nKMUkation  of  the  tufted  hairs,  which  causes  them  to  app^  like  small 
scales  on  examination  with  a  lens,  is  found,  according  to  Hanns  and  Reiche, 
OQ  the  bracts  of  Cishis  ladaniferus,  L.  (Fig.  21,  C-D).  These  small  scale-like 
•tiuctmes  axe  thick  hemispherical  cushions  composed  of  a  laige  number  of 
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thick*waDed  bain,  which  are  not  much  elongated  and  are  concrescent  for  the 
greater  part  of  their  length,  being  free  only  at  their  tips.  True  peltate  hairs 
(Fig.  21,  E)  with  thick-walled  ray-cells,  which  project  m  a  radiate  manner  at 
the  marffin  of  the  shield  (only  some  of  them  actually  reaching  the  centre  of 
the  thidd,  the  remainder  approximately  reaching  iii,  have  been  observed  in 
HdumAimmm  $qmamaiym,  rers.,  and  according  to  Reiche  in  H.  deseriorum, 
WODcalio. 

The  riandular  hairs  of  the  Cistineae  have  only  one  feature  in  common, 
namely,  that  they  consist  of  one  row  of  cells ;  otherwise  they  differ  in  form, 
ki  bet  in  the  same  species. 
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On  the  upper  side  of  the  leaf  of  Cisius  ladaniferus,  L.»  gUndukdr  iMdrt  occur, 
composed  so  to  speak  solely  of  a  sac-like  glandular  head,  which  oooiitts  of  a  row  of  few 
(four)  short  cells  and  is  sunk  in  the  epidermis  in  such  a  way.  that  the  secretion 
formed  by  its  cells  is  discharged  over  tne  epidermal  surface.  On  the  lower  side  of 
the  leaf  in  the  same  plant  similar  few-celled^  glandular  hairs  occur ;  they  are,  how- 
ever, not  sunk  in  the  epidermis,  and  one  can  distinguish  in  them  a  f-2-cdled  stalk 
and  an  ellipsoidal  head  of  two  or  more  cells  (Fic^.  2I9  F)«  The  riandnlar  hairs  in 
Heiianthemum  Fumana,  Mill.,  consist  of  a  curved  row  of  cells  differing  little  from 
one  another.  In  Cistus  creHcus^  L.,  C.  viilosust  and  Hslianih^mum  ainplicifoiiu9H^ 
Willd.,  side  by  side  with  short  glands  having  usually  a  one-celled  stalk  and  an 
ellipsoid,  mostly  2-3-celled  head,  there  occur  more  or  less  elongated,  g^dular  hairs 
(Fig.  21,  G),  which  consist  of  a  lower,  broader  part  (composed  of  a  row  of  numerous 
disc-shaped  celb)  and  a  thin  cylindrical  temunal  part  of  1-4  or  more  cdk.  This 
terminal  part  extrudes  a  secretion  (Ladanum-resin  in  Cisius  creHcus)  between  the 
cellulose  wall  and  the  cuticle,  after  the  manner  of  the  bladder-Eke  epidermal 
^ands. 

Respecting  the  structure  of  the  axis  (CistuSf  Hudsonia^  Leckea)  it  should  be 
mentioned  that  the  xylem-vessels,  which  are  scattered  in  a  transverse  section^ 
have  small  lumina  and  simple  perforations ;  the  medullary  rays  are  narrow  ; 
the  wood-prosenchyma  is  fsurly  thick-walled  and  has  bordoned  pits,  Detafled 
investigations  dealing  with  the  cortex  and  the  formation  of  cone  do  not  exist 
(compare,  however,  Volkens'  Fig.  a  Taf.  I»  where  internal  development  of  cork 
is  represented  in  Heiianthemum  Mokiricum).  Small  groups  of  hard  bast  are 
statcKl  by  Harms  to  occur  in  the  cortex  of  Hdianihemum  Fumana  and  Leckea 
minor ^  L.,  solitary  scattered  bast-fibres  in  Hudsama  ericaides,  h^  while  hard 
bast  is  wanting  in  other  species. 

liteimtiire :  De  Btry,  Ven^.  Anat.,  1877,  p.  99.— VcKjoe,  Noqt.  Aith.  Mm.  d*hlii.  nat,  wh.  a, 
t.  ▼«  i88a-3,  pp.  31 5- JO  mod  Taf.  19.— Solereder,  Holistniktiir,  1885,  p.  63^— Ttoocr,  VergL  Aaat. 


der  BixMotm,  Cisteoeae  etc,  DiM.,  Gottiiigco,  1885,  p.  64.— O.  Bachmann,  Sehildliu,  FUxb  1886, 
Kparate  copy,  p.  31. — VoUccns,  Aeg7pt.-arab.  WOite,  1887,  pp.  loi,  lot,  TaL  i  and  rilL — A. 
Wagner,  5Utz..Ber.  Wiener  Akail.,  Bd.  d,  Abt.  i,  189a,  p.  515.— Harms,  in  Natttii  PflaaamCua., 
ilL  Teil,  Abt  6,  1895,  pp.  299,  300.— Rataell,  Climat.  vM.,  Ann.  k.  nat,  i^.  8, 1 1.  1895*  p.  345. 
— GierUliiis,  Engler,  Bot.  Jahrb.,  Bd.  xxiii,  1896,  p.  40, 


VIOLARIEAE. 

1.  Review  of  the  Anatomical  Features.  For  the  Huignnak  of  the 
Order  with  reference  to  the  structure  of  the  wood,  stress  must  be  laid  00  the 
following  features  :  (a)  the  simple  pitting  of  the  wood-prosenchjnouit  which  is 
frequently  septate  and  often  provided  with  a  gelatinous  membrane,  and  (6)  the 
tendency  to  the  formation  of  scalariform  perforations  in  the  vessels.  The 
stomatal  apparatus,  in  its  mode  of  differentiation,  belongs  either  to  the  Robia- 
ceous  or  to  the  Cruciferous  type,  or  a  mingling  of  the  two  types  takes  place. 
Oxalate  of  lime  appears  in  the  form  of  ordinary  solitary  crystals  or  of  clustered 
crjrstals ;  inulin  appears  to  be  only  rarely  present.     In  many  Violarieae  modla- 

?'nous  epidermal  cells  occur ;  in  species  of  AgoHon^  AnchieUa^  Carynosiylis^ 
aypayrola  and  Viola  secretory  cells  with  brown  contents  occur  in  the  epidermis 
of  the  leaf  and  in  the  mesophyll ;  of  the  latter  elements  those  situated  in  the 
epidermis  of  certain  species  of  Viola  are  distinguished  by  their  siie  and  by 
projecting  as  papillae ;  lastly  in  the  Sauvagesieae  mucilage-sacs  or  modlage* 
passages  are  found  in  the  pith  and  cortex  of  the  branches.  Apart  from  the 
glandular  structures  of  the  leaf-teeth  (glandular  shaggy  hairs  m  Ktofar),  the 
hairy  covering  consists  solely  of  simjde,  uniceUular  or  uniseriate  clothing  hairs. 
The  Sauvagesieae  possess  cortical  vascular  bundles. 

2.  Structure  OF  THE  Leaf.    The  following  description  is  bated  eMeotiaDy 
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<m  the  statements  of  Vesqae.  The  mesophyll  is  mostly  bifacial  in  structure. 
Centric  leaf-structure,  however,  occurs  in  some  cases  (lonidium  lineare  and 
/.  smffruiicos%mi).  In  Viola  tridentata^  Menz.  and  V,  muscoides^  Philippi,  the 
mesophyll  consists  of  homogeneous  isodiametric  cells,  and  it  is  only  immeoiatdy 
mbove  the  median  vein  that  one  finds  cells  elongated  like  palisade-cells ;  these 
cells  recdl  the  hinge-cells  of  the  grasses,  and  their  significance  has  still  to  be 
determined  (Reiche). 

The  epidermal  cells  of  the  leaf  occasionally  serve  as  a  water-reservoir, 
and  they  are  then  of  considerable  height  and  size,  e.g.  in  Sauvagesia  racemosa, 
St.  HiL  The  gelatinixation  of  the  inner  walls  of  the  epidermal  cells  fulfils  the 
same  purpose  in  numerous  species,  e.g.,  according  to  Blenk  in  Leonia  glycycarpa^ 
Ruii.  et  Fav.  and  L.  cymosa^  Mart.,  according  to  Radlkofer  in  many  species  of 
AUoieia^tLod  according  to  Kramer  in  species  ot  Viola  and  other  Violarieae*.  These 
mucilaginous  epidermal  cells  in  some  cases  cause  transparent  dots  in  the  leaf. 
Epideimal  cells  of  this  kind  with  mucilaginous  inner  waUs  led  to  an  incorrect 
interpretation  of  an  observation  of  Vesque  in  species  of  Alsodeia  and  in 
Smu9agesia  serpyllifolia^  Mart.,  described  as  an  occurrence  of  division-walls  in  the 
midermal  cells  of  the  leaf,  beneath  which  a  gummy  mass  is  found.  Further,  in 
tot  epidermis  of  some  species  {Agation  violate^  A.  Brongn.,  species  of  Payfiayrola^ 
Chilian  species  of  Viola^  AnchieUa  salutaris,  '  Corynosfylis  frangulaefolia  *  and 
Isoiendrum  pyrifolium)  there  occur  secretory  elements  described  by  Vesque 
as  *  cdlules  charg6es  d'une  gomme-r6sine  rougedtre  ou  plus  rarement  jaune 
clair ' ;  these  elements  have  recently  been  mentioned  again  by  Reiche  as 
occurring  in  the  Chilian  species  of  Viola  belonging  to  his  section  Rosulatae 
{tsptdatSy  V.  vokanica^  Gill,  and  V.  rosutata^  Poepp.  et  Endl.).  We  are  here 
ooooemed  with  cells,  which  in  the  dry  leaf  are  nlled  with  resinous  contents, 
nHiich  are  mostly  brown ;  these  elements  usually  only  differ  from  the  neighbour* 
mg  ceOs  in  their  contents  and  not  in  size ;  they  are  sometimes  (e.(^.  in  AnchieUa 
ssMsfis),  however,  visible  as  anall  brown  spots  even  on  inspection  of  the  leaf 
with  a  lens.  Their  number  varies,  sometimes  {Paypayrola  guianensis,  Aubl.) 
almost  the  whole  epidermis  is  formed  by  the  cells  m  question.  They  attain 
a  fairly  considerable  size  in  Viola  rosulata^  and  a  still  greater  size  m  Viola 
wolamicoj  in  which  they  project  like  papillae  above  the  level  of  the  epidermis, 
reach  a  diameter  of  ^os  nmi.,  are  elongated  to  a  tubular  shape,  and  conse* 
quently  are  perceptible  as  brown  striae  on  the  lower  side  of  the  leaf.  In  the 
species  dtea  the  same  brown  cells  also  occur  in  the  mesophyll,  being  more 
frequent  in  the  palisade-tissue  and  in  the  lower  layers  of  the  spongy  tissue 
than  in  the  middle  layers  of  the  leaf.  Sphacrocrystalline  masses  of  an  organic 
sobstance,  the  nature  of  which  is  not  more  definitely  known,  have  been  met 
with  in  the  epidermal  cells  of  the  upper  side  of  the  leaf  of  Alsodeia  castamufolia 
and  A.  tuianensis^  as  well  as  of  Agation  violate.  The  cuticle  is  mostly  thin, 
rsrdy  (Viola  Cotyledon)  thick ;  as  a  rule,  it  is  anooth  or  faintly  striate.  A 
stronger  striation  has  bc^  observed  in  Scyphellandra  virgala  and  Viola  volcanica ; 
in  HymematUkera  and  Sauvagesia  the  cuticle  is  furnish^  with  small  knobs.  A 
finely  granular  coating  of  wax  on  the  surface  of  the  leaf  is  stated  by  Reiche  to 
occur  m  Viola  PkilippH,  Leyb.  and  V.  airopurpurea,  Leyb.  According  to  Diels, 
a  many-layered  hypNOderm  is  present  in  Hymenanthera  UUifolia, 

The  stomata  with  their  subsidiary  cells  belong  either  to  the  Cruciferous  or 
to  the  Rubiaceons  type.  According  to  Vesque,  the  first  type  is  found  in  many 
qwcies  of  ViolOy  in  lonidium  tkesiifoliumy  DC.,  in  certain  species  of  Alsodeia 
(a.  castaneaefolia^  Spreng.,  A,  ^uianensis,  Eichl.),  in  Paypayrola  longifolia,  Tul. 
and  Leonia  cymosa^  Mart. ;  this  type  becomes  indistinct  or  occurs  side  by  side 


'  See  ctpecUIlj  tlie  tynoptis  in  Knemer*i  work,  pp.  36,  a; ;  the  mudUginons  Inner  walls  arc, 
kowiti,  tnamtomdf  ipokco  of  by  Kraemer  as  maciUfc-cclls. 
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with  a  different  arranfement  of  the  neighboaring  cells  in  Alsodeia  Ri>xburghii^ 
*  Wall.'  and  A.  ulmimia^  '  Kth./  in  Afnpkirrhox  UmgifoUa^  Spreng.,  Hymenan- 
ihera  Banksih  F.  v.  M.  and  in  Sauvagesia.  AnchieUa  saUdans^  St.  HiL, '  Cory- 
nostylis  frangulaefoUa,  H.  B.  K./  NoiseUia  kmgifoUa,  St  HiL,  Iwodmdrum 
pyrifolium^  A.  Gr.,  MeUcytus  ramiflomSf  Font.,  and  Samwgesia  erecU^  L.  have 
two  subsidiary  cdls  placed  parallel  to  the  pore  (Rubiaceons  type),  while  in 
lonidium  suffruiicosum,  Ging.  and  /.  lineare^  Torr.,  as  well  as  in  Viola  alpestnu 
Jord.,  transitions  from  the  Cruciferous  to  the  Rubiaceous  tjrpes  are  present. 
The  position  of  the  stomata  varies.  They  are  either  deeply  sunk,  or  they 
lie  in  the  plane  of  the  epidermis  of  the  ItBi.  They  are  eitim-  present  only 
on  the  lower  side  of  the  leaf,  or  on  both  sides.  According  to  Keicbe,  VioU 
iridenUUa^  Menx.  and  V.  musdndes^  Philippi  are  extremely  noteworthy  in  this 
respect,  as  in  these  species  the  stomata  are  found  only  on  the  iq>per  side  of 
the  leaf. 

The  small  veins  are  mostly  embedded  in  the  mesophyll;  sometimes  colour* 
less  parenchyma  or  coUenchyma  adjoins  them  above  and  bebw.  Sderenchyma 
is  wanting  in  the  veins  of  the  herbaceous  species  and  of  a  large  number  of  wood v 
species.  In  numerous  woody  Violarieae  {Alsodeia  casianeaefoUa^  Pay^ayroU 
langifolia^  MeUcytus  ramiflorus^  &c)  the  vascular  bundles  of  the  vems  are 
accompanied  above  and  below  by  a  well-developed  sderenchyma-strand  or  are 
surrounded  by  a  ring  of  sderenchjnma.  The  midrib  of  the  smaller  leaves 
contains  only  one  vascular  bundle ;  in  larger  leaves  the  vascular  system  of  the 
midrib  consists  of  two  bundles,  of  which  the  upper  one  is  inversely  orientated 
with  respect  to  its  xylem  and  phloem.  A  still  more  complicated  structure  of  the 
vascular  system  is  found  in  the  midribs  of  lam  leaves.  Vesque  makes  some 
special  statements  on  this  subject  and  also  on  tne  arrangement  of  the  vascular 
randies  in  the  petiole ;  I  ooly  refer  to  these  briefly  hm,  because  they  are  of 
importance  for  specific  diagnosis  only. 

We  owe  a  recent,  detailed  investigation  on  the  occurrence  of  Cfystmls  in 
the  Violarieae  to  Borodin ;  according  to  this  work  clustered  crystals  as  wdl  as 
solitary  oblique  (dinorhombic)  <^ystals  are  present  in  the  mesophyU,  but 
in  no  case  in  the  epidermis.  With  n^^fard  to  the  occurrence  or  absence  of 
these  crystalline  elements  and  tbdr  distribution  in  the  leaf-tissue  Borodin 
distinguishes  the  following  eight  cases,  which  are  in  part  characteristic  of 
certain  genera: 

(1)  Lavradia-type  :  crystals  are  absent ;  to  this  t3^  belong  all  four  species 
of  Lavradia^  the  single  investigated  species  of  Paypayrola^  two  of  Samfogesia. 
and  two  of  Viola. 

(2)  Viola-type:  scattered  cells  containing  clustered  crystals  in  the 
mesophyll ;  crystals  absent  along  the  veins.  Fifty-nine  species  of  Viola  and 
six  of  lonidium. 

(3)  SautHigesia'type  :  cells  containing  clustered  crj^tals  exdustvdy  akog 
the  veins.     Four  speaes  of  Sauoagesia  and  one  of  lonidium. 

(4)  Combination  of  the  two  preceding  types :  four  q)ecies  of  Sauoagesia 
and  one  of  lonidium. 

(5)  lonidium-Xype :  solitary  oblique  (dinorhombic)  crystals  exdusivdy 
alon^  the  veins.  Twenty-five  spedes  of  lonidium^  three  of  Alsodeia  as  wdl  as 
species  of  other  small  genera. 

(6)  Solitary  dinorhombic  crystals  along  the  veins  as  well  as  scattered  in 
the  mesophyll.  Two  species  of  lonidium^  two  of  Alsodeia^  and  three  repre- 
sentatives of  smaller  genera. 

(7)  Alsodeia-type :  oblique  (dinorhombic)  crystals  along  the  veins; 
clustered  crystals  scattered  in  the  mesophyll.  Twentv-two  spedes  of  Alsodeia ; 
five  of  Hymenanikera^  four  of  lonidium,  all  three  oi  A gaiion,  both  species  of 
Corynostylis  and  oae  ot  Schweiggeria. 
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(8)  Amphinox'fjipt :  just  as  in  7,  clustered  crystals,  however,  not  scattered 
in  the  mesophjil,  but  strictly  above  the  veins.  All  three  species  of  Amphirrox 
and  one  of  Hybanihus. 

ImUn  has  hitherto  only  been  met  with  in  the  root  of  lanidium  ipecacuanha^ 
St.  HiL  (see  Fluckiger,  Pharmakogn.,  2nd  Edit.,  p.  396). 

Regarding  the  hairy  covering  it  must  be  pointed  out,  that  only  simple, 
onicdluiar  or  uniseriate  trichomes  occur  in  the  Order.  True  riandiilar  hairs 
have  not  been  observed,  but  only  glandular  shaggy  hairs  on  the  leaf-teeth  of 
^>ecic8  of  Viola  and  other  Violaneae,  e.g.  Lavradia  glandulosa,  St.  Hil.  These 
latter  have  been  investigated  by  Hanstein  in  Viola,  where  they  are  composed 
of  a  multiseriate  nucleus  of  elone^ated  cells,  which  is  enclosed  by  a  mucilage- 
secretinff  epidermis  resembling  psuisade-tissue  in  form  >. 

3.  Structuke  of  the  Axis.  Little  is  known  as  to  the  structure  of  the 
wood  *  of  the  woody  genera  and  still  less  (from  the  researches  of  Harms  and 
Gil^)  as  to  the  structure  of  the  cortex.  The  medullary  rays  of  the  wood  are  of 
▼aned  breadth  ;  many  very  broad  medullary  rays,  which  traverse  the  xylem 
longitudinally  for  a  considerable  distance  and  thereby  cause  an  approximation 
to  the  Ariskiochia'tYpe^  are  found  in  AnchieUa  salutaris,  St.  Hil.  (H.  Schenck). 
The  siie  of  the  lumma  of  the  vessels  varies  (maximum-diameter  -oiS  mm.  in 
Sckmeigreria  floribunda,  St.  Hil.  and  -082  mm.  in  AnchieUa  pyrifolia,  St.  Hil.), 
as  Mbomes  the  arrangement  of  the  vessels.  The  vessels  sometmies  (Paypayrola) 
bear  tcalariform  bordered  pits  on  the  walls  by  which  they  touch  one  another ; 
when  in  contact  with  medullary-ray-parenchyma  they  bear  simple  pits  side  by 
sde  with  bordered  pits  as  well  as  mtermediate  forms.  The  perforations  of 
the  V€9seb  are  either  (i)  exclusively  scalariform  (species  of  Paypayrola,  Ampkir- 
rhox^  Ooeospermum,  AUodeia,  and  Leonia),  or  (2)  both  simple  and  scalariform 
(swedes  of  Corynosiylis,  NoiseUia,  lonidium,  Schweiggeria,  Anchietea,  Alsodeia^ 
nymenatUhera,  Lavradia  and  Sauvagesia),  in  which  case  the  scalariform  periora- 
tiotts  nsoally  have  few  bars  or  are  developed  as  distorted  forms,  or  (3)  exclusively 
simpie  ^Mdicytus  ramiflarus,  Benth.  according  to  Harms).  The  wood-paren- 
chyma is  little  developed.  The  wood-prosenchyma  is  in  general  simply-pitted. 
Septation  of  the  lumen  and  occurrence  of  a  gelatinous  layer  are  not  rare  in  the 
wood-prosenchyma.  In  AnchieUa  and  Corynostylis  wdod-prosenchyma  with 
bordered  pits  has  been  observed  accompan3nng  that  with  simple  pits. 

Harms  describes  groups  of  bast-fibres  in  the  pericycle  for  the  cortex  of 
species  of  the  genera  Alsodeia,  Amphirrhox,  Melicytus  and  Paypayrola,  these 
groups  being  united  by  stone-cells  into  a  completely,  or  almost  completely, 
closed  mechanical  ring.  According  to  Gilg,  the  genera  of  Sauvagesieae 
{Nechera  has  not  vet  been  investigated)  quite  generally  possess  cortical  vascular 
bundles,  and  are  for  this  reason  united  with  the  Ochnaceae  by  Gilg  in  accordance 
with  En^^ler.  These  cortical  bundles  are  represented  in  a  specially  marked 
manner  m  Sckuurmansia  and  Lavradia,  less  distinctly  and  in  small  numbers  in 
Smyvagesia  and  Leiigebia.  Moreover  Gilg  states  that  in  all  the  Sauvagesieae 
modhu^sacs  or  (lysigenous  ?)  mucilage-passages  are  developed  in  the  cortex, 
and  often  also  in  the  pith,  being  especiaUy  well-marked  in  Schuurmansia 
Hemmngsii,  K.  Schum. 


i  t  Hwiitda,  Han-  o.  Schleimabt.,  Bot  Zdt  1868,  pw  751  and  Tab.  zt—Rdiikc,  Sekie- 
tioatoff..  Piiagihcim  Jahrb.,  Bd.  x,  1876,  pp.  169, 170  and  Taf.  zii.— De  Bary,  Vergl.  Anat.,  1877.^ 
Voqac,  NoQT.  Arch. Mas.  dlilst.  nat.  i^r.  a,  t.  ▼,  1883-3,  pp.  320-32  and  pi.  ao.— Bicnk.  Flora  1884, 
p.  106  tad  wpaiate  oopj,  p.  ao. — Soleredcr,  Holzstruktur,  1885,  pp.  64-6. — Radlkofer,  Sitx^Ber. 

*  M friMfai-ceUt  tvt  not  pretent  in  tbe  Violarieae  (fee  Gaiffnard,  Joam.  de  Bot.,  t  rii,  1893,  p.  455 
ct  m^\  aoc  evoi  ia  the  lecd,  where  Spatxier  (Pringaheim  Jahrh.,  Bd.  uy,  1893,  p.  71)  incorrectly 

itci  that  they  oocar. 

*  The  gCDcra,  tpedet  of  which  have  been  inTettigated  with  regard  to  the  rtmctnre  of  their  wood, 
1  hi  tht  dficription  of  the  perforations  of  the  vesaeU. 
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Munch.  Akad.  1800,  p.  186.— Borodin,  Arb.  St.  Petenb.  OAtnrf.  Gcsellsch.  1891,  pp.  177-205, 
Kossian ;  abstract  by  Rothert  in  Bot.  Centralbl.  189a,  ii,  p.  51. — Benecke,  Nebenz.  d.  Spaltoffii..  BoL 


Zeit.  189a,  p.  574.— Gilg,  in  Natiirl.  Pflanzenfam.,  iiL  Tell,  Abt.  6,  1893,  p.  134.— Harms,  Engler, 
Bot.  Jabrb.,  Bd.  zv,  1893,  pp.  6a a,  6a 3. — Reiche,  Vi^oi  chilentei,  Engler,  Bot  Jahrb.,  Bd.  zri, 
1893,  pp.  409-11  and  Taf.  vi. — H.  Schenck,  Anat.  d.  Lianen,  18931  pp.  71,  7a.— Rdche  o.  Taabert, 
in  Natiirl.  Pflanzenfam.,  iii.  Teil,  Abt  6,  1895,  pp.  324,  335. — £^,  Veg.-BioL  r.  Nensedand, 
Engler,  Bot.  Jahrb.,  Bd.  axii,  1896,  pp.  330  and  a49.-^Parmentier,  Ann.  tc.  nat,  wbx*  S,  t.  U,  1896, 
p.  3  et  seq.— Kraeme^,  Viola  tricolor ,  L.  etc.  Diss.,  Marburg,  1897,  ^  PP-  <"^  5  '^^^ 


CANELLACEAE. 

1.  Review  of  the  Anatomical  Features.  The  Canelkceae  have  a  series 
of  characteristic  features  in  common,  by  means  of  which  any  species  can  be  easily 
recognized  as  a  member  of  the  Order.  These  features  are  the  foUowiziF :  the 
occurrence  of  secretory  cells  in  the  parenchymatous  tissues  of  axis  and  leaf ; 
the  absence  of  glandular  hairs ;  the  excretion  of  oxalate  of  lime  in  the  fonn  of 
clustered  and  solitary  crystals ;  the  possession  of  narrow  medullary  rays^  which 
are  broadened  outwards  in  the  cortex ;  vessels  with  a  small  lumen,  with 
scalariform  perforations  having  many  bars  and  with  bordered  pits  even  when 
in  contact  with  medullary-ray-parenchyma ;  wood-prosenchyma  with  bordered 
pits ;  the  origin  of  a  periderm  with  laige  lumina  and  thin  walls  immediately 
below  the  epidermis  of  the  branch  ;  the  development  of  a  characteristic  phello- 
derm  consisting  of  cells  with  their  membranes  sclerosed  on  one  side  only ;  and 
the  absence  of  a  ring  of  sclerenchynia  in  the  pericycle.  The  stomata  belong 
to  the  Rubiaceous  type ;  side  by  side  with  the  stomatal  apparatus  of  this 
type,  however,  there  sometimes  (Cinnamosma)  also  occur  other  t3^pes^  in 
which  the  stomata  are  surrounded  by  several  irr^;ularly  placed  epidennal 
ceils.    Trichomes  have  not  been  observed. 

The  anatomies^  structure  of  the  CaneOaceae  (especially  as  concerns  the 
secretory  cells  and  the  nature  of  the  wood-vessels  and  the  wood-proscsnchyma) 
points  to  close  affinity  with  the  Magnoliaceae  (Wintereae). 

2.  Structure  of  the  Leaf.  The  mesophyll  is  bifacial  in  struc- 
ture. The  epidermal  cells  have  straight  lateral  walls ;  according  to  Vesque, 
marginal  pits  are  present  in  Cinnamosma  ftagrans^  BaiU.  In  the  same  ^)ecies 
a  one-layered  hypoderm  is  found  below  the  epidermis  on  the  upper  side  of  tte 
leaf.  The  stomata,  which  occur  only  on  me  lower  side  of  the  leaf,  are, 
in  CaneUa  alba^  Murr.,  provided  with  one  subsidiary  cell  on  each  side  paraUd 
with  the  pore ;  in  Cinnamosma  fragrans  other  stomata  also  occur,  which  are 
irregularlv  surrounded  by  several  epidermal  cells.  The  vascular  bundles  of 
the  smaller  veins  are  embedded  in  the  mesophyll ;  they  are  accompanied 
above  and  below  by  strands  of  bast-fibres.  Tne  midrib  of  the  iGaif  contains 
one  band'Shaped  vascular  bundle,  which  is  likewise  provided  with  a  band  of 
sclerenchyma  both  above  and  below.  The  petiole  encloses  three  vascular 
bundles  which  are  accompanied  by  sclerenchyma  in  Cinnamosma  (but  not  in 
Canella), 

Specially  noteworthy  is  the  occurrence  of  roundish  or  lenticular  secretory 
cells,  with  yellow  contents  easily  soluble  in  spirit  and  an  (always  ?)  suberixed  cell* 
wall.  These  occur  in  the  leaf- tissue  in  all  the  three  genera  {Canella^  Cinna$mosmA, 
Cinnamodendfon)^  causing  transparent  dots  when  the  leaf  is  cut  open ;  they 
have  also  been  observed  in  the  pith  and  cortex  of  the  axis  in  Canella  and  CtsfM* 
modcndron. 

Oxalate  of  lime  is  usually  excreted  in  the  form  of  clustered  crystals  in  the 
leaf  and  axis.  Small  octahedral  solitary  crystals  are  stated  by  Vesqne  to  occur 
in  the  lower  epidermis  of  the  leaf  of  Canella  alba  ;  solitary  crystals  of  the  nsoal 
size  and  shape  are  found  in  the  i>arencbyma  of  the  medullary  rays  in  CmuOm 
and  Cinnamodendron, 
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3^  Structure  of  the  Axis.  The  wood  of  the  Canellaceae,  according  to  an 
examination  of  CanMa  alba^  Murr.  and  Cinnamodendron  axiUare^  Endl.,  contains 
x-a-  rarely  3-8eriate  medullary  T2Ly%  isolated  vessels  with  roundish  lumen 
and  of  a  maximinn  diameter  of  •o44-<o66  nmi.,  little  wood-parenchyma  and 
wood-prosenchyma  with  typical  bordered  pits.  The  end-walls  of  the  vessels 
are  strongly  inclined  and  have  scalariform  perforations ;  the  perforation  some* 
times  also  consists  of  a  considerable  number  of  circular  holes  {Canella  alba). 
The  wall  of  the  vessel  bears  bordered  pits  even  in  contact  with  medullary-ray* 
parenchjnEna. 

The  structure  of  the  cortex  has  been  investigated  by  Mdller  in  the  genera 
CimmMmadendfan  and  Canella.  According  to  him  the  periderm  arises  early 
immediately  below  the  epidermis,  and  consists  of  cork-cells  with  lar«;e  cavities 
and  thin  fi^Us.  On  the  inner  side  of  the  periderm  and  separated  n-om  it  by 
the  coric-cambimn,  there  occurs  in  the  cortex  of  the  older  branches  a  fairly  thick 
la3rcr  of  pbelloderm-tissue^  consisting  of  cells  which  have  their  inner  tangential 
waUs  strooffly  thickened  in  the  form  of  a  U  and  pitted,  and  often  show  the 
tame  radial  arrangement  as  the  cork-cells.  The  primary  cortex  and  the  bast 
oootain  secretory  cells,  which  in  Cinnamodendron  remain  thin-walled,  but  thicken 
their  walls  in  Canella.  The  medullary  ra)rs  of  the  cortex  become  considerably 
broader  towards  the  outside  in  both  genera.  The  sieve-tubes  in  both  genera 
have  scalariform  sieve-plates.  In  Canella  sclerenchyma  is  wanting  in  both 
primary  and  secondary  cortex ;  in  Cinnamodendron  bast-fibres  and  sclerenchyma- 
ceDs  lesemUing  rod-cells  are  present  in  the  secondary  cortex^ 


B :  De  BftTf,  VeigL  Anmt,  1877,  p.  15a  et  leq.— Zschariat,  Bot.  Zdt  1879,  P*  627.— MoUcr, 
ML,  188s,  pp.  351-4.— Vesqoe,  No«t.  Arch.  Mm.  dliitt.  nat.,  s^r.  a^  t  ▼,  1881-3,  pp.  331-5. 
,  Flors  1884,  p.  106  mud  Mpante  cop^,  pp.  ao,  ai.— Solereder,  Holzstr.,  1885,  p.  66.— Par- 

,  Aatoc.  I1BD9.,  Caen  1894,  a*  paitie,  p.  623. — Warburg,  Natttrl.  Pflanzeofam.,  UL  Teil, 

^^  ^  l^  P>  315.— PtumcDtier,  BnlL  idciit.  de  la  Pimiioe  et  de la  Belgiqne,  1896. 
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X.  Review  of  the  Anatomical  Features.  Anatomical  characters  common 
to  an  members  are  almost  entirely  wanting  in  the  Order.  The  structure 
of  the  wood  shows  fair  uniformity  in  so  far  as  (i)  the  wood-prosenchyma 
never  possesses  large,  distinct  bordered  pits  on  its  walls,  but  only  pits  with 
small,  often  indistinct  border,  or  simple  pits,  and  (2)  the  wood-prosench3ana 
it  freqnently  septate  bv  means  of  dehcate  division-walls.  The  perforations  of 
the  vesseb  on  the  other  hand,  vary ;  they  are  either  exclusively  simple, 
or  exchisively  scalariform,  or  simple  and  scalariform  in  the  same  species; 
the  remaining  structural  features  of  the  wood  vary  in  like  manner.  In 
the  pericycle  either  isolated  groups  of  bast-fibres  are  present  (Azara^  Dasylefns^ 
DemdfOsfyliSt  Grandidiera,  Gynocardia^  and  Oncoba\  or  a  composite  and  con* 
tinnoos  8clerench3naiatous  ring  (Hydnocarpus.  Ryania,  Tarakto^enos) ;  in 
certain  cases,  secondary  hard  bast  also  occurs;  the  cork  origmates  sub- 
epidermallv  in  the  few  cases  investigated.  The  stomatal  apparatus  belong 
to  the  Rubiaceous  or  to  the  Cruciferous  type.  Oxalate  of  lime  occurs  m 
the  form  of  clustered  and  ordinary  solitary  crystals.  The  occurrence  of 
small  groops  of  crystal-bearing  epidermal  cells  in  the  leaf  of  certain 
spedes  of  LaeHa^  Ludia^  Oncoba,  Poggea,  Scolopia^  and  Xylosma  is  very  note* 
worthy.  In  addition  to  mucilaginous  epidermal  cells  in  the  leaf  (in  Aphloia 
and  Coddospermum)^  secretory  cells,  which  in  part  are  elongated,  tubular,  and 
branched,  occur  in  the  genera  Amoreuxia,  Bixa,  Cochlospermum^  and  Xvmalos; 
schiff)genoas  secretory  cavities  occur  in  Laetia^  and  (apparently  lysi- 
geaoua)  madlage-passages  in  Amoreuxia^  Bixa,  Cochlospermum  and  Sphaero- 
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sepalum ;  the  secretory  cells  and  cavities  cause  transparent  dots  or  fine 
striae  in  the  leaf.  The  hairy  covering  consists  of  clothing  and  glandular 
hairs.  The  clothing  hairs  are  either  simple  unicellular  or  uniseriate  trich<»nes 
or  unicellular  bracket-hairs  (Poggea)  or  tufted  hairs  {Bixa^  Ki^daria,  and 
Ryania)  or  peltate  hairs  {Bixa  and  Mayna),  Hie  glandular  hairs  are  short- 
or  long-stalked,  and  have  a  disc-shaped  head  divided  exclusively  by  vertical 
walls  (Oncoba,  Poggea).  Lastly,  of  special  anatomical  features  of  the  leaf, 
which  may  be  made  use  of  for  specific  diagnosis,  the  following  should  be  men- 
tioned :  development  of  hypoderm  (in  species  of  ErytkrospermwH,  Kiggdaria^ 
Laetia^  Ludia,  and  Xylosma) ;  papillose  nature  of  the  lower  epidmnis  {IdesU 
polycarpa,  Maxim.) ;  and  the  occurrence  of  spicular  cells  in  the  mesophyD 
(species  of  Ryania). 

2.  Structure  of  the  Leaf  ^  The  mesophyll  i%  as  a  rule,  bifodal 
in  structure ;  in  the  thick  leaves  of  Xylosma  ellipHcum,  TuL,  it  consists 
entirely  of  palisade-tissue.  In  certain  species  of  Ryania  {'  R.  deniaia,  H.  B.  K. 
and  R.  Schomburgkii^  Klotzsch ')  the  mesophyll  is,  according  to  Harms,  traveracd 
by  '  simple  and  branched  spicular  cells,  running  irr^ulanv  in  the  leal'  The 
epidermal  cells  have  straight  or  undulated  lateral  wans.  The  cuticle  is  smooth, 
striate  or  granular ;  a  layer  of  wax  is  f oimd  in  Oncoba  glauca  and  Laetia  Imdda^ 
Tul.  Not  uncommonly  the  inner  membranes  of  the  epidermal  cells  are  muci- 
laginous, as  Vesque  and  Blenk  mention  for  Cochlospermum  and  ApUaia. 
According  to  Vesque  in  Eriudaphus  {Scolopia)  Mundiii  the  epidermal  cells  are 
divided  by  walls  parallel  to  the  surface  of  tiie  leaf,  and  the  lower  dao^^ter-cdls^ 
thus  produced,  are  freciuently  divided  by  a  small  number  of  vertical  walls ; 
similar  tangential  divisions  also  occur  in  the  epidermis  of  the  leaf  of  CochUh 
spermum  Gossypium^  DC.  H}^poderm,  according  to  Vesque,  is  present  on  the 
upper  side  of  the  1^  of  Xylosma  infestum^  Gnseb.,  Luiia  sessiliflara.  Lam., 
Kiggelaria  Dregcana^  and  Erythrospermum  laxiflorum ;  it  is  two-layered  in  the 
last-named  species,  and  one-layered  elsewhere  ;  accoidinf  to  my  own  observa- 
tion hypoderm  likewise  occurs  in  Laeiia  apetala,  Jaoj.,  and  is  there  z-2-lay«red. 
Further,  in  a  large  number  of  species  a  differentiation  of  the  epidermis  occurs, 
in  so  far  as  among  the  ordinaiy  epidermal  cells  there  are  intercalated  smgk 

3)idermal  cells  or  groups  of  2-4  small  roundish  epidermal  cells^  whidi  contain 
ustered  crystals.  Even  though  these  small  crystal-idioblasts^  in  accordance 
with  the  researches  of  Vesque,  are  in  general  only  of  specific  value,  thev  may  in 
certain  cases  be  of  great  value  for  the  recognition  of  sterile  material  of  Bizineae. 
These  crystal-idioblasts  have  been  observed  by  Vesque  in  species  of  Oncoba 
(0.  glauca)^  Laeiia  {L.  ludda^  Tul.,  and  likewise  L.  apdala^  J^*  accmding  to 
my  own  observation),  Ludia  {L.  myrHfolia^  Lam.),  Scdojbia  {EHudmpkms 
Mundiii)^  and  Xylosma  (X.  cilialifolium,  Eichl.,  X.  ellipticmn^  Tul.  and  X.  itfes' 
turn,  Griseb.),  by  me  also  in  Poggea  alaia,  Giirke.  Radlkofer  describes  a  papfl- 
losely  differentiated  epidermis  on  the  lower  side  of  thelaaif  of  Idesimfolycmrpa^ 
Maxim.  The  stomata  have  hitherto  only  been  observed  on  the  lower  side 
of  the  leaves.  According  to  their  development  the  stomata  bekmff  to  the 
Cruciferous  or  Rubiaceous  type.  In  the  majority  of  the  genera  {Pamgimm^ 
Xylosma,  Flacouriia,  ScoUybia,  Laeiia,  Ludia,  Mayna,  Oncoba)  in  the  mature 
condition,  one  subsidiary  cell  is  placed  on  eadi  sioe  of  the  guard<ells  parallel 
with  the  pore ;  transitions  to  the  Cruciferous  type  are  seen  in  Kiggdaria^ 
Hydnocarpusy  Dendrostylis,  and  Erythrospermum^  while  in  Aphhim  nuuUgaS' 
cariensis  the  pronounced  Cruciferous  type  is  present. 

Tlie  vascular  bundles  of  the  smaller  veins  are  as  a  rule  accompanied  above 
and  below  by  a  strand  of  sclerenchjma,  which  not  uncommcmly  reaches  nearly 
as  far  as  the  upper  and  lower  epidermis.    In  Aphloia  madagasammsis  thie 

^  Moit  iniportiDt  Uteratwe :  Vctqiie  aod  Bleak,  loc  cit 
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sclerenchyma  is  completdy  absent.  The  median  vein  almost  always  consists 
of  an  arc*sbaped  vascular  bundle  with  sclerenchyma,  rarely  (Cochlospermum) 
without  sderenchyma.  In  the  midribs  of  the  larger  leaves  of  Erytkro$permum 
laxiflofum  the  fibro-vascular  s)rstem  almost  forms  a  rin^;,  because  in  addition 
to  the  arc-shaped  vascular  bundle  there  is  a  second  one  with  inverse  orientation. 
Lastly,  the  midrib  of  the  leaf  of  Bixa  OreUana  shows  a  ring  of  vascular  bundles 
without  sderenchyma,  endosing  a  band  of  vascular  bundles,  the  xylem  of 
which  is  directed  downv^ards.  The  petiole  also  shows  similar  variety ;  with 
regard  to  its  structure,  only  the  examples  dted  by  Vesque  need  be  referred  to 
here. 

Oxalate  of  lime  is  present  in  the  form  of  oblique  (dinorhombic)  solitary 
crystals  or  of  dustered  crystals. 

Internal  secretory  organs  >  occur  in  the  Bixineae  (apart  from  the  mucilagi- 
nous epidermal  cells  already  described)  in  three  forms,  namdy,  as  secretory 
cells,  secretory  cavities,  and  mucilage-canals.  Secretory  cells  are  found  in 
Amoreuxia^  Bixa^  Cocklospermum^  and  Xymalos,  secretory  cavities  in  Laetia^ 
mucilage -canals  in  Amoreuxia^  Bixa^  and  Cochlospermum,  as  well  as  in 
the  genus  Sphaerosepalum^  Bak.,  removed  by  Warbui^  from  the  Guttiferae  to 
the  Bixineae. 

According  to  my  own  observations,  the  secretory  cells  of  Amor^uxia  WrigkHi, 
A.  Gray  are  large,  tubular  cells  of  the  mesophyll,  which  are  frequently  branched 
and  are  filled  with  yellowish  or  reddish  contents ;  they  are  visible  even  with 
the  naked  eye  as  smail  transparent  striae.  Quite  similar  secretorjr  cells,  which  in 
like  manner  are  observable  with  the  naked  eye  or  with  a  lens,  occur  in  the  spedes  of 
Cockiospermum  investigated  by  Blenk  (C.  Gossypium^  DC,  C.  insigns,  6t.  HiL, 
C.  orinocc^nsg^  Stend.,  and  C.  serratifalium,  DC.) ;  in  these  the  contents  in  the  dried 
leaf  are  sometimes  formed  of  polygonal  grains  of  lemon-yellow  colour.  In  Cochio- 
spermum  nUoticum^  'Schwdnf.^  the  secretory  cells  in  question  have  also  been  observed 
in  the  pith  and  cortex  of  the  branch  (Harms).  According  to  Blenk  the  secretory 
ceUs  of  Bixa  OreUana^  L.  have  wide  lumina,  are  filled  with  a  yellow  or  brown  brittle 
resin,  and  in  outline  are  frequently  oblong  and  lobed  ;  they  occur  in  the  mesophyll, 
and  likewise  cause  pelludd  dots.  Van  Tieghem  has  met  with  the  secretory  cells 
of  Bixa  Orellana  in  the  primary  cortex  and  bast  of  the  branch,  as  well  as  m  the 
root.  Lastly,  the  secretory  cells  obseryed  by  Harms  in  Xymalos  tmmospora^ 
BailL  are  relatively  small  and  only  produce  dencate  transparent  dots.  It  should 
be  noted  with  regard  to  the  above-mentioned  secretory  cavities  of  Laetia^  that  they 
were  wrongly  described  by  Blenk  as  secretory  cells,  as  has  already  been  correctly 
pointed  out  by  Warburg ;  according  to  my  examination  of  La$Ha  ap^tala^  J^*» 
they  possess  a  distinct  one-la3rered  epithelium,  and  have  consequently  probably 
arisen  in  a  schixogenous  maimer,  besides  those  in  L.  apiUUa^  J'^^*  secretory 
cavities  have  been  observed  in  L,  earymbtdosa.  Spruce,  L.  suav^oienSf  Bienth.,  and 
L.  Tkamnia,  Sw.  The  mudlage-canals  are  apparently  of  lysieenous  origin.  They 
are  found  in  the  branch  both  at  the  periphery  of  the  ^th  (in  Cockiospermum  Gossy^ 
pium,  C.  insigns^  and  C.  orinoccense,  as  vnXi  as  in  Bixa  OreUana  accoroing  to  my  own 
observation  ;  in  Cockiospermum  kibiscoides  and  Amoreuxia  palmaHfida^  according 
to  Harms),  and  also  in  the  cortex  (in  Cockiospermum  Gossyptum^  according  to  Van 
Heghem,  in  Amoreuxia  palmaHfida,  Bixa  Orellana  and  Cockiospermum  kibiscoides 
according  to  Harms). 

Lastly,  with  regard  to  the  hairy  covering,  simple  unicellular  hairs  are  not 
onconimon.  In  Poggea  akUa,  Giirke,  I  have  occasionally  met  with  simple 
uniseriate  trichomes,  which  are  thick-walled  and  septate  by  means  of  delicate 
cross- walls,  and,  in  addition  to  these,  hairs  which  are  curved  at  the  tip  like  a 
hook  (bracket-hairs).  Further,  in  this  Order  tufted  hairs  occur,  which  consist  of 
a  few  unicellular  component  hairs  sunk  side  by  side  in  the  epidermis  {Bixa^ 


'  The  tUtemeotB  of  Vctqne  as  to  the  secretory  orgmns  of  the  Bixineae  ar«  inaocnratelj  presented 
•ad  conld  therefore  not  be  taken  into  consideration  in  the  following  description  withoot  a  thorough 
reinTeatigation  on  my  part 
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Kiggelaria,  Ryania).  Lastly,  Bixa  Ordlana  and  Mityna  laurina  are  distinguished 
by  the  possession  of  peltate  hairs ;  the  latter  have  a  longer  or  shorter  stalk, 
consisting  of  a  few  cells  or  a  few  rows  of  cdls»  and  a  shield,  which  has  an  entire 
margin  and  is  irregularly  many-celled,  the  cells  being  polygonal  in  surface  view. 
Glandular  hairs  luive  been  observed  by  me  in  Poggea  akUa  and  Oncoba  Wd- 
witschii^  Oliv. ;  their  disc-shaped  head  is  divided  exclusively  by  vertical  walls 
into  four  or  more  radially  situated  cells. 

3.  Structure  of  the  Axis  ^  Our  knowledge  of  the  structure  of  the  axis 
in  this  Order  is  restricted  almost  solely  to  the  structure  of  the  wood.  The  state- 
ments of  Turner  as  to  the  nature  of  the  cortex  are  incomplete  and  in  part  not 
clearly  presented,  so  that  they  can  only  be  shortly  noticed  hete ;  the  state- 
ments of  Harms  are  also  incomplete  in  this  respect. 

The  breadth  of  the  medullary  rays  in  the  wood^  the  arrangement  of  the 
vessels  and  the  lumina  of  the  vessels  (maximum  diameter,  -osG-ogs  mm.) 
are  variable  and  present  no  common  characters.  On  the  vessd-wall,  where  it  is 
in  contact  with  the  parenchyma  of  the  medullary  rays,  one-sided  bordered  pits 
occur  (Bixa^  Aberia,  Flacourtia\  or  transitions  from  these  to  simjple  pits  {Cc^pih 
troche^  CocMos^ermufn,  Oncoba),  sometimes  large  simple  pits  {Kiggelaria).  The 
perforations  ot  the  vessels  are  in  part  exclusively  simple,  in  part  exclusively 
scalariform  with  many  bars,  in  part  scalaiiform  and  simple  ;  in  this  third  case 
the  scalariform  perforation  of  tne  vessels  may  be  restricted  to  the  neighbour* 
hood  of  the  primary  wood  or  may  occur  in  the  secondary  wood  also^ 

The  following  more  detailed  statements  are  derived  from  my  own  invcstigatioiis 
and  from  those  of  Harms  and  Turner.    The  following  plants  have  exclusively  simple 

r orations:  Amoreuxia  falmaiifida,  Bixa  OreUana,  L.,  Cochlospinmum  insieiUt 
HiL,  C  hihiscoides,  Flacourtia  safnda,  Roxb.  according  to  Turner  (?D.V.), 
Laetia  Thamnia^  Sw.  according  to  Turner  (?D.  V.)«  The  perforations  of  tho 
vessels  are  mostly  siniple,  while  scalariform  perforations  with  5-^  bars  are  present 
in  the  ndghbourhooa  of  the  primary  wood  only  in  s  CarpatroclU  brastlunsiu 
EndL,  Grandidiera  Boivinif  Taub«,  Oncoba  spinosa^  Ryania  Sckomburgkiit 
Klotsch,  Trinuria  8p«  In  addition  to  simple  perforations,  scalariform  open- 
ings, which  usually  have  few  (2-10)  bars,  are  present  in  the  aeconoary 
wood  also  in:  Aberia  verrucosa,  Hochst.,  Asara  mtcropkylia^  Hook.,  A.  dsntaia^ 
R.  et  P.,  A.  alpina,  Poepp.  et  Endl.,  A.  salicifolia,  Gr.,  Dendrosiylis  wp*,  Dovyahi 
sp.,  Flacourtia  obtusa,  Hochst.,  Gynocardia  sp.,  Kiggelaria  africana^  ll,  Pangium 
eduU,  Reinw.  Lastly,  exclusively  scalariform  perrorations  of  the  vessels,  mostly 
vdth  numerous  bars,  occur  in :  Axara  Femandesianat  Gay,  A.  strraiOp  R.  et  P., 
A.lanceolata,  Hook.,  A,  umbellatat  PhiL,  Dasylepis  racemosa^Ohv.^  Erytkrospetmum 
tinifolium,  Sieb.,  Hydnocarpus  Wighiiana,  H.,  Tarahiogenos  sp.,  Xymalas  fnomo* 
spora,  BailL  From  the  above  statements  it  results,  that  for  tne  membefs  of  the 
tribe  Bixeae  exclusively  simple  perforation  of  the  vessel  appears  to  be  characteristic* 
for  the  remaining  tribes  a  tendency  to  the  formation  of  scalariform  perfonitioia 
(that  is  the  subordinate  occurrence  of  tiie  latter  side  by  side  with  simple  openings), 
or,  on  the  other  hand,  the  exclusive  occurrence  of  scalariform  pertoations. 

Spiral  thickening  of  the  walls  of  the  vessels  has  been  observed  in  Hisingera 
japonica  and  in  the  above-cited  species  of  Azara  with  scalariform  and  simpk 
perforation  of  the  vessels ;  spiral  striation  has  been  observed  in  Ryania  Schom- 
burgkii,  Klotzsch.  The  wood-parenchyma  is  fairly  abundantly  developed  in 
Bixa,  elsewhere  it  is  subordinate  in  amoimt.  The  wood-prosenchyma  varies 
in  character,  but  never  exhibits  large  bordered  pits  on  its  walls.  The  pits  of 
the  wood-prosenchyma  of  Bixa  show  a  fairly  distinct  and  rather  laige  border ; 
in  the  other  genera  investkated  by  me  {Aberia,  Carpotroche^  CocUospermum^ 
Flacourtia,  Kiggelaria  and  Oncoba)  the  border  is  either  smaller  and  in  that  case 
frequently  indistinct,  or  it  is  completely  absent.    I  observed  division-walls  in 


^  See  etpedaUj  Soleieder  and  Tomer,  loc  dt 
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the  wood-pro8eiichyma  of  Aheria^  Carpoiroche^  Flacourtia^  Ki^gelaria^  and 
Oncoba  ;  Turner  states  that  the  same  feature  occurs  in  the  speaes  of  Aheria^ 
Axara^  Bixa^  Carpotrocke,  Flacourtia^  Gynocardia^  Hisingera^  Hydnocarpus^ 
Idtsia^  Kiggelaria^  Laetia^  Scohpia  and  Xylosma.  Now  and  then  the  wood- 
prosenchjana-cells  are  ^)ecially  strongly  thkkened,  owing  to  the  occurrence  of 
a  gelatinous  membrane. 

The  following  facts  are  known  as  to  the  structure  of  the  cortex.  According 
to  Harms*  either  isolated  groups  of  bast-fibres  or  a  composite  and  continuous 
sderenchjonatous  ring  (cf.  the  c;eneral  diagnoas)  are  foimd  in  the  perkycle. 
In  the  seoondarv  bast  bands  of  bast*fibres  are  sometimes  present,  acocxxlin^ 
to  Turner ;  in  6ixa  and  Cochlospermum,  according  to  Van  Ti^^iem,  a  stmti* 
fication  of  the  bast  into  hard  and  soft  bast,  similar  to  that  in  the  Mahraceae,  &c., 
occurs.  The  cork  arises  immwliatdy  bdknr  the  epidermis  in  Idesia  palycarpa 
(acoording  to  J.  E.  Weiss)  and  in  Axara  GUliesii  and  Ktpgelaria  africana 
(aooofding  to  Uouliot) ;  in  the  two  species  last  named,  a  pheUoderm  identical 
with  that  in  the  Cannellaceae  (q.v.)  is  also  differentiated. 

liUfmmre :  MoUcr,  Holxmnat.,  Denkschr^  Wiener  AkiuL  1876,  pp.  74  and  37a — Veiqiie,  Noor. 
Ktdbu  Hwk.  d*bi«.  nat.,  wki.  a,  t  ▼,  188J-3,  PP*  535-*45  ^^d  pi.  ao,  at. — Blenk,  Flora  1884,  p.  107 
ct  aeq.,  Kparmte  copj,  pp.  a  i-^— Turner,  VcrgL  Aoatomie  der  B.  etc..  Diss.,  Gottmgen,  1885^ 
Soloedcr,  Holartr.,  1885,  pp.  66-8. — Van  Ticgbem,  Ann.  ic.  naL,  i^.  7,  t  i,  1885,  pp.  79,  80. — 
SrhiVL,  Flora  1886,  leparate  copy,  p.  31.— Doolioc,  Ann.  ic  naL,  i^.  7>  t  z,  1889, 


p.  3.43.— Radlkofcr,  Sitx..Btr.  Miinch.  Akad.  1800,  p.  au.^!.  £.  Weis,  Denkichr.  Kegcnsb.  boc 
Gctcuidi.  i8oo,  separate  ccpy,  p.  67.— Hann%  £nf  ler,  Bot  Jahrb.,  Bd.  zr,  1893,  pp.  6ia-i8 — 
Warbwf,  in  NatiirL  Pflan»n£un.,  Ui.  Tetl,  Abt.  6  a,  1S93,  pp.  3,  4  and  iiL  Tdl,  AU.  6, 1895,  p.  308^— 
Briqwti  Hydatbodct  I6L  dcs  SctU/tM,  BolL  Uerbier  Boiiiier  1898,  pp«  503,  504. 
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z.  Review  of  the  Anatomical  Features.  The  fdlowing  anatomical  fea- 
tures are  characteristic  of  the  Order  as  a  whole  ^ :  the  occurrence  of  schizogenous 
resin-canals  in  the  pericycle  (in  thkk  stems  in  the  secondary  bast  also,  but  never 
in  the  pith  or  primary  cortex ;  in  the  roots  opposite  the  xylem  and  phloem- 
groups  of  the  vascular  system^  with  which  the  appearance  of  double  the  usual 
ntunoer  of  lateral  rootlets  is  connected) ;  the  stomata  with  their  subsidiary 
cells  parallel  to  the  pore ;  the  spirally  thickened,  pitted  vesseb  of  the  wood 
with  their  simple  perforations  and  with  bordered  pits,  even  where  in  contact 
with  the  parenchyma  of  the  medullary  ra)rs;  the  lack,  or  at  least  the  scanty 
development  of  sderenchyma  and  the  tendency  of  the  tissues,  and  especially  of 
the  bast,  to  become  coUenchymatous.  Oxalate  of  lime  is  present  in  the  form  of 
clustered  crystals,  ordinary  solitary  crystals  and  styloids  (the  last  only  in  the 
bast).  The  hairy  covering  is  formed  by  simple,  uniseriate  trichomes,  with 
two  or  three  short  basal  cells  and  a  long  end-cell,  by  two-armed  hairs  with  a 
few-celled  stalk,  and  by  club-shaped  few-celled  glandular  hairs.  Gelatinixation 
of  the  epidennis  of  the  leaf  has  not  been  observra  in  any  member  of  the  Order ; 
on  the  other  hand,  in  the  leaves  of  certain  species  a  hypodenn  or  a  doubling 
of  the  epidermis  is  ifound.    The  place  of  origin  of  the  periderm  varies. 

2.  STRUCTURE  OF  THE  LEAF '.  The  Structure  of  the  leaf  is  either  centric 
{Pittosporum  tkiUyraeoides^  DC.,  Bursaria  spinosa^  Cav.,  &c«),  or  bifacial. 
The  epidermal  cells»  especially  those  on  the  upper  side  of  tiie  leaf,  frequently 

>  With  the  eseeplko  of  the  {enns  ChaUfca^  which  acoordtng  to  Van  Tieghem  mnit  be  renoTed 
frooi  the  Pittotpofcae  00  nccoont  of  the  abtence  of  rain-canals,  and  in  agxtcment  with  this  has  qnite 
icocotlj  been  transfeired  to  the  Sau6agaoeae  hj  Pax  and  Engler. 

*  According  to  Ve«|nei  No«t.  ArcL  da  Mna.  dliiaL  nat.,  loc  dt,  and  a  nunvscripC  of  Dr.  H. 
Cffoct  dcabng  with  the  aaaiosj  of  the  kef  and  axia  of  the  Pittoaporeae. 
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possess  strongly  thickened  outer  walls ;  the  latter  sometimes  (PiUosborum 
phUlyraeoideSf  DC.)  exceed  the  height  of  the  epidermal  cells  in  thiacness. 
The  lateral  walls  of  the  epidermal  ceUs  are  mostly  straight,  less  frequently 
they  are  more  or  less  strongly  undulated.  In  Marianihus  tenuis^  Benth., 
the  (epidermal  cells  of  the  upper  side  of  the  leaf  are  produced  into  conical 
papillae.  A  doubling  of  the  epidermis  occurs  in  many  species  of  Pittospontm 
m  consequence  of  the  appearance  of  division-walls,  which  are  parallel  to  the 
surface  of  the  leaf ;  such  division-walls  are  either  present  locally,  e.ff.  in  PiiUh 
sporum  pachylohum^  Tul.,  P.  refUxum^  Cunn.,  P.  ie^aspermum^  W.  et  A., 
P.  Tobira^  Ait.,  P.  undulatum,  'Lam.'  and  P.  xeylanicum^  Wight,  or 
generaUy,  i.e.  in  all  the  epidermal  cells,  e.g.  in  PiUosporum  camifoUum^ 
Cunn.,  P.  cariaceum,  Ait.  and  P.  Kirkii^  Hook.  f.  In  both  cases  tbe  cells 
of  the  lower  layer  usually  correspond  entirely  with  those  of  the  upper. 
Exceptions  to  this,  however,  also  occur,  e.g.  in  Pittospontm  cami" 
folium^  in  which  the  lower  layer  consists  of  larger  cells  than  the  upper,  this  being 
due  to  secondary  division  in  the  upper  layer  of  epidermal  cells  alter  the  lower 
layer  of  ceUs  has  been  divided  ofif.  The  upper  side  of  the  leaf  of  Pittosporum 
phiUyraeoidcs  has  an  extremely  remarkable  two-layered  epidermis.  In  this 
species  the  upper  layer  consists  of  the  usual  low  tabular  cells,  while,  on  the  other 
hand,  the  lower  layer,  which  has  been  split  off  from  the  upper  by  horizontal 
division,  consists  of  much-elongated,  palisade-like  cells  with  their  side-walls 
minutely  folded.  The  cuticle  is  either  smooth,  or  variously  maxiced, 
e.g.  punctate  or  striate.  The  stomata  are  accompanied  by  two  or 
bv  several  subsidiary  cells,  which  are  parallel  to  the  pore,  and  are  mostly 
also  distinguished  by  their  thinner  walls  from  the  other  epidermal  cells. 
Dr.  Grote,  according  to  his  manuscript,  has  observed  this  type  of  stoma  in  all 
the  nine  genera  of  the  Order,  so  that  it  represents  an  excellent  ordinal 
character.  The  stomata  lie  in  the  plane  of  the  ouer  epidermal  cells  or  are  sunk 
in  the  epidermis. 

The  vascular  bundles  of  the  small  veins  of  the  leaf  are  usually  embedded 
in  the  mesophyll ;  sometimes,  however,  they  are  connected  with  the  upper 
epidermis  by  means  of  colourless,  collenchymatous  tissue.  The  petiole  con- 
^^BiXQS  3, 5, 7  or  more  vascular  bundles,  arranged  in  the  form  of  an  arc,  or  rarely 
(viz.  in  small  leaves)  a  single  bundle.  The  absence  or  rare  occurrence  of 
sderenchyma  accompan)dng  the  vascular  bundles  is  worthy  of  note.  It  is 
replaced  by  collenchyma,  which  is  mainly  present  in  the  ground-tissue  of  the 
nudrib  and  petiole ;  but  other  tissues  sJso  have  a  tendency  to  become  ccdlen- 
chymatous,  especially  the  soft  bast,  which  will  be  more  fully  discussed  in 
the  description  of  the  axis. 

Oxalate  of  lime  is  excreted  in  three  forms  in  the  Pittoqx>reae:  in  the  form 
of  clustered  crystals,  ordinary  solitary  crystals  and  columnar  crystals  (called 
styloids).  While  the  first  two  forms  occur  abundantly  in  the  mesophyO,  where 
they  are  frequently  contained  in  specially  large  crystal-sacs  {Marianihus  tenuis^ 
SoUya  heierophylla,  Cheiranthera  linearis^  Pittosporum  sp.,  ic),  further,  in  the 
ground- tissue  of  the  veins  and  of  the  petiole,  ana  in  the  pith  and  priniary  cortex 
of  the  axis,  the  styloids  are  restricteo  to  the  bast  of  the  axis,  but,  as  it  appears, 
are  to  be  found  there  in  all  members  of  the  Order. 

Schizogenous  secretory  canals  are  present  in  all  the  genera  (excluding 
Chalepoa,  see  above).  They  are  found  in  the  axis,  in  the  root  and  in  the  leaf,  and 
in  Pittosporum  Tobira^  according  to  Dr.  Grote,  they  can  also  be  demonstrated 
in  the  sepals  and  petals,  as  well  as  in  the  ovary,  but  not  in  the  stamens.  But 
not  only  is  the  occurrence  of  these  secretory  canals  (which  have  colourless,  yeDow 
or  reddish,  resin-like  contents)  characteristic  of  the  Order«  but  also  their  Dosition, 
for  they  are  invariably  found  in  the  pericycle  in  aU  the  organs  named  above. 
The  secretory  canals  never  occur  in  the  pith  and  primary  cortex  of  ttcm  and 
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root,  nor  are  tbev  found  in  the  ground-tissue  of  the  leaf.  On  the  other  hand^ 
the  occurrence  of  secretory  caxuds  in  concentric  layers  has  been  observed  in 
the  secondary  bast  of  branches  of  sufficient  thickness  in  species  of  Pittosparum. 
In  yoang  roots  of  PiUosparum^  SoUya^  and  CUriobatuSt  where  the  fibro- vascular 
83rstem,  accordiog  to  Van  Ti^hem»  usually  consists  of  5,  6,  or  7  radial  vascular 
bundles,  which  endose  a  pith«  the  secretory  canals  are  found  on  tiie  outer  ^e  not 
onlyofthephloem-gronps»butalsoofthexylem-groups.  Asaconsequence»inthe 
genera  named  and  probably  also  in  the  remainder  of  the  Pittosporeae,  the  lateral 
roots  cannot  devdop,  as  they  ordinarily  do,  on  the  outer  side  of  the  x^em-groups 
and  in  correqwnding  number ;  here,  the  number  formed  is  double  that  of  the 
z^em-stran<&»  one  occorring  in  each  case  between  the  secretory  passage  opposite 
a  z^lem-gronp  and  the  neighbouring  secretory  passage  opposite  a  phloem-group. 
Tlus  pecnlianty  is  also  found  in  the  Araliaceae  and  Umoelliferae  (q.v.)  and  is 
made  use  of  by  Van  Tieghem  in  support  of  genetic  relationship  between  these 
Orders  and  the  Pittosporeae.  The  secretory  omals  in  question  were  demonstrated 
by  Van  Tieghem  in  the  leaf  and  in  the  axis  of  Pittosparum,  Hymsnospamm 


FW.  n.    A,  Tvo-WMd  bair  of  fitmt^rum  kicahr,    %  Ooe-AitDcd  trkbome  oa  a  yonf 
'iaemtm.    c,  CwMriatc  hair  oa  a  yoauf  braach  oC  Mmrimmikua  tmm*\g.^Ahex  Veai|Be. 
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(X  species  examined),  Ixiospanim{i),  Citriobatus{i)^  Bursaria{i),  Marianthus{i), 
Ckeirantkera  (i),  Pranaya  (i),  SoUya  (2),  BiUardiera  (2) ;  Grote  investigated 
a  far  larger  number  of  species  (above  50  in  aU)  of  the  genera  cited,  and  met 
with  the  secretory  canals  throughout  and  always  in  the  same  position. 

In  most  members  of  the  Order  a  more  or  less  strongly  developed  hairy 
covet  lug  is  present,  which  is  constituted,  according  to  Vesque,  by  three  different 
forms  of  hairs,  which  in  part,  however,  exhibit  transitions.  Firstly,  there  occur 
uniseriate,  few-ceUed  hairs  with  two  or  three  very  short  basal  cells  and  a  long 
pointed  end-ceU ;  the  cells,  as  a  rule,  have  thick  walls  and  narrow  lumina 
{BiUardura,  Marianthus,  Fig.  22,  C,  Pronaya,  SoUya).  The  second  form  is 
represented  by  two-armed  hairs  (Fig.  22,  A).  These  have  a  short,  few-celled 
stalk,  the  cells  of  which  are  strongly  thickened ;  the  two-armed  terminal  cell 
is  either  thin-walled  or  thickened,  being  deciduous  in  the  former  case  (Bursaria^ 
Citriobatus^  Pittosparum).  The  two-armed  hairs  are  connected  with  the  first 
described  form  of  hair  by  transitions  (F\e.  22,  B).  Thirdly,  club-shaped 
glandular  hairs  {Hymenosparum)  occur,  which  are  similar  in  structure  to  those 
of  Heliantkemum^  consisting  of  a  row  of  cells,  which  is  somewhat  curved 
at  its  end.  According  to  Grote's  communication,  glandular  hairs  of  this  kind 
occur  not  only  in  Hymenosparum,  but  also  in  species  of  Pittosparum  (e.g.  P. 
oariactum.  Ait,  and  P.  umbMatum,  Gaertn.),  and  of  Bunaria  (B.  incana,  Lindl.). 
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According  to  Grote's  investigations,  generic  value  is  not,  as  a  rule,  to  be 
attributed  to  the  different  forms  of  hairs  in  this  Order. 

3.  Structure  of  the  Axis  *.  The  wood  contains  no  very  broad  medul- 
lary rays  (their  breadth  not  exceeding  4-6  cells),  and  has  vessels  with  lumina 
of  different  sizes  (maximum -diameter,  •033—063  nmi.).  The  vessels  have 
simple  perforations.  The  walls  of  the  vessels  are  provided  with  bordered  pits 
even  where  in  contact  with  the  parenchvma  of  the  medullary  rays.  Spiral 
thickening  or  spiral  striation  of  the  vessel-wall  has  been  observed  in  all  the 
investigated  species  of  the  genera  BiUardiera,  Bursaria^  Cheiranthera^  Ciiriobaius^ 
Marianthus^  PUtosporum,  Pronaya^  SoUya^  and  also  in  Hym€HOsporum.  Wood- 
parenchyma  does  not  take  a  prominent  part  in  the  formation  of  the  wood.  The 
pits  of  the  wood-prosenchyma,  which  is  sometimes  provided  with  a  few  delicate 
division-walls,  are  simple,  or  at  least  possess  only  small  indistinct  borden. 
The  pith  consists  of  lignified  cells.  It  not  unconunonly  becomes  sderotic  in 
the  outer  part,  which  borders  on  the  xylem  {Bursaria,  Ciiriobaius^  ftc,  aconrdiog 
to  Grote). 

Passing  on  to  the  structure  of  the  cortex,  it  may  first  be  pointed  oat 
with  regard  to  the  origin  of  the  cork,  that  accordmg  to  Van  Tieghem,  the 
phellogen  appears  in  the  outermost  cell-layer  of  the  primary  cortex  immediatdy 
below  the  epidermis  of  the  branch  in  PiUosporum^  Ixiospamm^  and  Ciiriobaius, 
in  the  third  outermost  ceU-layer  of  the  primary  cortex  in  Hymenosi>arum,  at 
the  limit  of  primary  and  secondarv  cortex  in  SoUya.  The  conc-cdls  nave  wide 
lumina  and  stout  walls.  Phellocerm  is  also  formed ;  if  I  understand  Van 
Tieghem  rightly,  it  is  sometimes  coUenchymatous  (PiUospontm^  Hymenosporumy, 
usually,  however,  it  becomes  sclerosed  {Pronaya^  Ixio^porum^  Ciiriobaius,  Ac). 
The  primary  cortex  is  generally  coUenchymatous,  especially  in  its  outer  portkxis. 
The  occurrence  of  secretory  canals  in  the  pericyde  has  already  been  nimnit^mA 
On  the  outer  side  of  the  secretory  canals  one  sometimes  finds  solitary  bast-fibres 
(Hymenosporum)  or  arcs  of  bast-fibres  {Prcmaya^  BiUofdiera^  SoUya^  Cheim- 
thera).  The  secondary  cortex  is  completely  destitute  of  sclerotic  dements, 
but  all  the  cells  of  the  secondary  bast  have  a  tendency  to  become  coUenchy- 
matous. The  sieve-tubes  have  fairly  small  lumina  and  scalariform  sieve- 
plates. 

Literttnie :  N.  MiUler»  Priogiheim  Jahrb.,  Bd.  ▼,  1866-^,  p.  387.— Van  Tieffhcm^  Caaavztto^ 
Ann.  se.  naL,  s^r.  5,  t.  xri,  187J,  pp.  163-8  and  pi.  zxi. — Vetqne,  Anat.  de  reoofce,  1876^  Mpaiatc 
copy,  p.  loi.— De  Banr,  Vergl.  Anat.,  1877,  especially  p.  466^— Mdller,  RindenaiMft.,  tSSs, 
pp.  383,  284. — Vesqne,  Noqt.  Arch.  Mm.  d*liist  nat.,  wh.  a,  t.  ▼,  i88>-3,  pp.  $45-57  aad  pL  ai.— 
Van  Tieghem,  Struct,  et  affin.  des  P.,  Bull.  Soc.  hot  de  France  1884,  PP*  141--51  a^d  Caanx 
i^r^t.  dn  p^cycle  dant  la  tige  et  la  fenille  des  P.,  loc.  dt,  pp.  43, 44.— Solereder,  Holfltraktv, 
1885,  p.  68.— Van  Tieghem,  Ann.  sc.  nat.,  s^.  7,  t.  i,  1885,  pp.  30-7.— -Lebtob,  Am.  ac  aat.,  afr.  7. 
t.  Ti,  1887,  pp.  30i-5.-.-Douliot,  Ann.  s&  nat.,  s^.  7,  t  z,  1889,  p.  35a— Lalaime,  FcaiUca  penvt.. 
Act.  Soc  linn.  Bordeaux,  i^r.  ^  t.  w,  1890,  p.  69  and  pi.  it. — ^J.  E.  Weiai,  Dnkadir.  Itniarfi 
hot.  Gesellsch.  1890,  separate  copy,  p.  66.— Paz,  in  NatiirL  PflanxenCam.,  lii.  Teil,  Abt  a  a,  1891, 
p.  107.— Becheraz,  Sekretbild.  schizog.  Gange,  Diss.,  Bern,  1893,  p.  33. 


TREMANDREAE. 

This  small  Order  of  plants,  endemic  in  Australia,  shows  dose  agreement  in 
the  anatomical  structure  of  its  members. 

The  leaves  are  either  flat  or  linear,  and  have  a  tendency  to  roQ  their  margins 
inwards  towards  the  lower  side  to  a  varied  extent.  The  transverse  sectioD  of 
the  leaf  thus  fre(]uently  acquires  a  characteristic  appearance,  which  may  be 
made  use  of  for  distinguishing  the  species.  The  mescphjrll  is^  as  a  ruk^  bi&dal 

1  Chiefly  according  to  MdUcr  and  Soleitder,  loa  ciU 
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in  structure  ;  thepalis^e-tissue  one-layered.  In  Tetraikeca  epiloboideSf  Steetz» 
the  entire  mesophyll  is  composed  of  short-celled  parenchyma  (Chodat).  The 
epidermis  of  the  upper  side  of  the  leaf  consists  of  large  cells  with  straight  or 
curved  lateral  walls  and  with  a  smooth  or  granulated  cuticle.  Gelatinization 
of  the  inner  walls  of  the  epidermal  cells  on  the  upper  side  of  the  leaf  is  a  very 
widely  distributed  phenomenon  (in  Tetraihcca  ciliaia^  Lindl.,  T.  conferiifolia^ 
SteetA  T.  encifolia^  Sm.,  T.  nuda,  Lindl.,  T.  pilosa^  LabiU.,  T.  tkymifolia,  Sm. ; 
Platyikeca  CrucianeUa^  Steetx) ;  it  is  not  found  in  Tremandra^  the  leaves  of  which 
are  more  densely  covered  with  hairs.  Stomata  are  only  present  on  the  lower 
side  of  the  leaf  ;  in  the  fully  developed  leaf  their  guard-cells  are  surrounded  by 
several  irregularly  arranged  epidermal  cells.  Vesque  states  with  regard  to  the 
development  of  the  stomata,  that  the  mother-cell  of  the  euard-cells  is  probably 
formed  by  the  first  division.  The  vascular  systems  of  the  veins  (generally 
those  of  the  midribs  also)  are  mostly  embedded  in  the  mesoph3^11 ;  in  letratheca 
ciUaia  the  median  vein  is  placed  in  connexion  with  the  upper  epidermis  by  means 
of  a  strand  of  coUenchyma.  Sderenchyma  is  often  absent  in  the  principal  vein, 
but  it  occurs  on  the  upper  side  of  the  vascular  bundles  in  the  pnncipal  vein  in 
Tiiraikeca  conferiifolia,  T.  pilosa^  T.  thymifolia^  and  weakly  develo]>ed  in  Tre- 
WMndra  sUUigera^  R.  Br. ;  m  Teiraikeca  ericifolia  it  is  replaced  hy  collenchyma* 
The  sderenchyma  attains  the  strongest  differentiation  in  the  faurly  long  leaves 
of  Platyikeca  Cruciandla^  in  which  it  not  only  forms  considerable  strands 
above  and  bdow  the  vascular  bundles  in  the  principal  vein,  but  is  also  met 
with  in  the  secondary  veins.  The  petiole  contains  a  sin^e  vascular  bundle, 
with  which  two  small  lateral  bundles  are  sometimes  (tefyratkeca  ericifolia) 
saaodated. 

Oxalate  of  lime  is  excreted  in  the  form  of  ordinary  solitary  crystals, 
multiple-crystals  of  this  form  and  also  (primary  cortex  of  Tetrailuca  ciliata) 
dustered  crystals.    Internal  glands  are  absent. 

The  hairy  covering  consists  of  three  forms  of  hairs :  (a)  simple  unicellular 
hairs ;  (6)  stellate  hairs,  and  (c)  glandular  hairs.  The  simple,  unicellular  hairs  are 
conical,  pointed,  thick-walled  and  with  narrow lumina  {lelfaikeca  conferiifolia). 
The  stdlate  hairs,  the  rays  of  which  likewise  have  thick  walls  and  narrow  lumina, 
occur  only  in  the  genus  Tremandra  {T.  diffusa^  R.  Br.  and  T.  sUlligera^  R.  Br.) ; 
they  have  a  multiseriate  stalk  and  a  varied  number  of  ray-cells,  which  are 
dtber  spread  out  in  one  plane  or  radiate  in  different  directions.  The  glandular 
hairs  (glandular  shaggy  hairs  s:  Driisenzotten)  likewise  have  a  multiseriate  stalk 
and  a  muIticellulUr  head ;  they  occur  especially  in  Tetratkeca  {T.  glandulosa^ 
Labill.),  but  also  in  Platyikeca  (P.  Crudanella), 

With  regard  to  the  structure  of  the  wood  the  four  spedes  investigated 

Eremandra  sUUigera^  R.  Br.,  Platyikeca  galioides,  Steetz,  Teiraikeca  glandulosa, 
bill.,  and  T.  cuiaia^  Lindl.)  agree  in  their  narrow,  1-2-seriate  medullary  ra}^ 
the  cells  of  which  are  dongatra  in  the  vertical  direction,  and  in  their  small- 
lumened  vessels  (maximum  diameters; -02  to  -04  mm.),  which  chiefly  exhibit 
large,  simple  pits  on  those  walls  which  are  in  contact  with  the  parenchyma  of  the 
medullary  rays.  In  Platyikeca  galioides  spiral  thickenine  of  the  walls  of  the 
vessds  occurs.  The  perforations  of  the  vesseb  are  simple,  usually  elliptical, 
rarely  circular ;  specially  dongated,  elliptical,  simple  perforations  are  present 
in  the  neighbourhood  of  the  primary  wood,  and  in  Tremandra  sieUigera  irregxilar 
openings  with  two  bars  are  also  found  here.  In  Teiraikeca  the  wood-prosen- 
chyma,  which  is  sometimes  findy  spirally  thickened,  appears  to  bear  exclusivdy 
bordered  pits.  In  the  two  other  genera,  however,  the  wood-prosenchyma  in 
part  bears  bordered  pits  (tracheides),  in  part  simple  pits. 

As  to  the  structure  of  the  cortex  in  the  single  plant  (Tetratkeca 
ciliata)^  which  was  available  to  me  at  the  time  for  investigation,  a  compo- 
site and  continuous  ring  of  sderenchyma   is     resent  at  the  outer  limit 
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of  the  bast ;  in  the  almost  leafless  members  of  the  Order  {TOraAeea  nmU, 
Lindl.  and  T.  juncea,  Sm.),  palisade-parenchyma  is  developed  in  the  primary 
cortex.  The  triangular  branches  of  TOrathtca  juncea  farther  possess  bundles 
of  sderenchymatous  fibres  at  the  three  angles ;  a  similar  feature  has  also 
recently  been  observed  by  Chodat  in  TOraikeca  affinis,  Endl. 

Utenture:  Vesqtie,  Nout.  Arch.  Mus.  d'hist.  nat,  i^.  3,  t  ▼,  i88a-3,  pp.  357-63  and  pL  la. 
— Solereder,  Holzstr.,  1885,  p.  69.— Chodat  and  Balicka,  Stnict.  det  Tr.,  BaU.  de  L'Herbkr  fioinier, 
1893,  n.  7.^Chodat,  in  NatUrl.  Pflanzenfam.,  iU.  Teil,  Abt  4, 1896,  pp.  320,  311. 
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1.  Review  of  the  Anatomical  Structure.  The  following  features 
should  be  specially  mentioned.  The  stomata  are,  as  a  rule,  surrounded 
by  several  irregularly  placed  epidermal  cells ;  more  rarely  approximations  to 
the  Rubiaceous  or  Cruaf erous  t)^  are  found.  The  midrib,  and  also  the  petide, 
usually  possess  very  simple  structure,  in  that  they  contain  only  one  vascular 
bundle.  Oxalate  of  lime  occurs  in  the  form  of  ordinary  solitary  crystals  and 
of  clustered  crystals.  Internal  secretory  oigans  are  wanting,  apart  from 
the  '  l^sigenous  secretory  cavities '  and '  oil-cells/  which  are  stated  by  Chodat  to 
occur  in  certain  species  of  Polvgala  and  which  must  be  subjected  to  reinvestiga- 
tion  ^ ;  glandular  hairs  are  ukewise  absent.  The  hairy  covering  is  formed 
by  simple  unicellular  hairs ;  an  exception  to  this  is  afionled  only  bv  species  of 
Bredemeyera  and  XanthophvUum,  which  have  simple  uniseriate  hairs.  The 
wood  contains  narrow  medullary  rays,  vessels  with  smiply  perforated  end-waDSi 
and  wood-prosenchyma  with  typical  bordered-pits. 

The  following  features  mav  be  made  use  of  for  specific  dia^osb :  the 
varied  structure  of  the  mesophyU  ;  the  occurrence  of  sclerosed  cells  m  the  latter 
(layers  of  sclerosed  spongy  parenchyma  in  Monnina  speciosa^  Tr.  et  PL,  long 
sderenchymatous  cells  in  the  palisade-tissue  of  Moutabea  ^aianensis^  AubL) ; 
the  nature  of  the  epidermis  and  its  parts,  such  as  formation  of  papillae  (in 
species  of  Muraliia,  Polygala^  and  Securidaca),  the  occurrence  of  h}npoderm 

im  MoiUabea  guianensis),  the  arrangement  of  the  stomata  at  right  angles 
o  the  course  of  the  veins  (in  Krameria  triandra^  Ruiz  et  Pav.) ;  then  the 
differentiation  or  the  absence  of  sderenchyma  in  the  veins ;  the  presence  of 
broadened  terminal  tracheides  (in  species  of  Badiera^  Polyg(da^  and  XanAo- 
phyllum) ;  the  occurrence  of  peculiar  granular  or  radiating  masses  resembling 
dustered  cnrstals  in  species  of  Polygala  which  are  composed  of  a  substance 
not  further  known  ^'  Iji^enous  oil-receptades '  of  Chodat  ?]• 

In  certain  speaes  of  Bredemeyera,  tamesperma,  Moutabea^  and  SeemndMCM^ 
thick  portions  of  the  stem  exhibit  concentric  nngs  of  growth  (Fig.  23) ;  the  rings 
of  secondary  vascular  bimdles  probably  arise  in  tiie  periqrde  in  every  case. 

2.  Structure  op  the  Leaf*.  The  mesophyU  possesses  a  very  varied 
structure,  which  in  part  is  in  agreement  with  the  varied  form  and  nature 
of  the  leaf.  In  Mundtia  brasiliensis,  St.  Hil.  and  Carf>olobia  alba^  D<m  the 
mesophyU  consists  of  uniform  tissue.  The  spedes  witn  lanceolate  or  linear 
leaves,  which  are  frequently  rolled  in  towards  the  lower  side  at  the  maxgins, 

'  I  was  not  able  to  undertake  thii,  as  the  material  of  the  Munich  Herbtrinm  his  been  lot  to 
Chodat  for  monographic  work. 

*  Chiefly  according  to  Vesqae,  Nonv.  Archives  dti  Mas.  dliist.  nat,  loc  dt.    Thit  woric  b  band 
on  an  inrestigation  of  the  genera,  /^fygala,  Badura,  Muraltia,  Mundiia,  Com$tp€rmm^  * 
PkUbotoiftia,  Securidaea,  Carpdobia^  Monnina,  Xanthophylham,  Momiabta^  Artmtrm. 
this,  Chodat*s  investigation  on  the  lear^matomy  is  also  taken  into  oomiderttioo ;  boircm,  Uc 
little  that  to  new. 
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have  either  a  bifacial  {Polygala  pinifolia^  Lam.,  Camesperma  lon^ifolia, 
Steud..  &c.)  or  a  centric  mesophyll  {Polygala  polyphylla^  DC.,  MuraUia  ooovata^ 
DC.,  Camesperma  rosea^  Steud.,  &c.).  The  mesophyll  of  the  species  with 
larger  leaves  is  mostly  bifacial,  more  rarely  centric  {Krameria).  In  the  lanceo- 
late leaves  of  MuraUia  ruscifolia^  Eckl.  et  Zeyh.  an  interesting  case  is  met 
with,  palisade-tissue  being  developed  only  on  the  lower  side,  while,  below  the 
upper  epidermis,  there  are  only  cells  which  are  poor  in  chlorophyll  and  have 
large  cavities.  In  Monnina  poly  stocky  a,  Ruiz  et  Pav.  and  M.  revoluta^  H.  B.  K., 
the  palisade-parenchyma  has  wavily-folded  lateral  walls ;  in  Monnina  speciosa^ 
Tr.  et  Planch,  one  or  two  layers  of  the  branched,  spongy  parenchyma  lying 
immediately  above  the  lower  epidermis  are  sclerosed. 

The  e^ermal  cells  mostly  have  straight  lateral  walls ;  more  rarely  the 
latter  are  undulated  to  a  considerable  degree,  e.g.  in  Camesperma  valubilis, 
LabilL,  Bredemeyera  brevifolia^  Klotzsch,  Monnina  revaluta^  H.  B.  K.,  Carpo- 
labia  aOxi,  Don,  &c.  The  outer  walls  of  the  epidermal  celk  are  usually  flat, 
but  sometimes  arched  outwards  {Polygala  glauca,  £.  Mey.) ;  or  those  on  the 
lower  surface  of  the  leaf  bear  knob-like  papillae  at  the  centre  {Securidaca 
rivinaefalia,  St.  Hil.,  S.  ablonpfolia,  Benth.  et  Hook.,  &c.),  their  walls  being 
so  strongly  thickened  in  certam  other  species  {Polygala  micraphylla^  L.  brancl^ 
P.  palypkylla^  DC.,  P.  pinifolia.  Lam. ;  Muraltia  Heysteria,  DC.,  M.  ohovaia, 
DC.),  that  the  papillae  appear  like  strong  cuticular  projections.  The  outer  wall 
of  the  epidermal  cells  is  sometimes  strongly  thickened ;  this  thickening  now  and 
then  extends  to  the  side-walls.  The  cuticle  is  smooth  or  granularly  thickened 
(coarsely  granular  in  Polygala  glauca) ;  striation  of  the  cuticle  is  relatively 
rare  {Monnina  loxensis^  Benth.,  MuraUia  brevicamu,  DC.,  Badiera  damingensis^ 
DC.).  Hjrpoderm  of  two  or  more  layers  has  been  observed  with  certainty 
only  on  the  upper  side  of  the  leaf  of  Moutabea  2uianensis,  Aubl. ;  it  may  be 
added  that  this  species  possesses  long,  sclerosed,  little-branched  sclerenchy- 
matous  cells  in  the  palisade-tissue. 

The  stomata  occur  either  on  both  sides  of  the  leaf  or  only  on  the  lower 
side ;  in  general  this  difference  is  only  of  specific  value  and  is  more  or  less 
in  agreement  with  the  centric  or  bifacial  structure  of  the  mesophyll.  The 
developmental  investigation  of  the  stomatal  apparatus  in  Polygala  virgata^ 
Thunb.  has  proved  that  the  mother-cell  of  the  guard-cells  is  cut  off  by  the  first 
division ;  but  owing  to  later  divisions  in  the  neighbouring  cells  the  stomatal 
apparatus  of  the  Polygaleae  varies  in  appearance.  The  guard-cells  are,  as  a  rule, 
surrounded  in  an  irr^ular  manner  by  several  epidermal  cells ;  in  rather  rare 
cases,  however,  only  three  neighbouring  cells  are  present,  or  two,  which  are 
then  placed  pairallel  to  the  pore  (the  latter  in  Securidaca  bialata^  Benth.,  5. 
volubtlis^  L.  and  Xanihapkyuum  viteUinum^  Bl.).  In  Krameria  triandra,  Ruis 
et  Pav.,  but  not  in  K,  tamentosa,  St.  Hil.,  the  pore  of  the  guard-cells  is  placed 
at  right  angles  to  the  course  of  the  vein,  similarly  to  what  occurs  on  the  branches 
of  certain  Tamariscineae. 

The  following  facts  should  be  mentioned  with  regard  to  the  structure  of 
the  veins.  The  species  with  small  leaves,  as  a  rule,  have  no  sclerench\'ma 
in  the  veins ;  MuraUia  Heisteria,  DC.  and  M.  keterophylla,  E.  Mey.  afford  an 
exception  to  this,  the  vascular  bundles  of  the  midribs  being  accompanied  by 
considerable  bundles  of  bast-fibres.  In  the  large-leaved  species  sclerench5mi'a 
IS  also  found  accompanying  the  smaller  veins,  either  only  in  connexion  with 
the  phloem  (species  of  Securidaca,  Monnina  polystachya  and  M,  speciosa),  or 
on  both  sides  (species  of  Bredemeyera),  or  forming  a  ring  (in  Xanihophyilum 
wiitUinum,  Bl.  and  X.  flavescens,  Roxb.).  In  Phlebataenia  cuneaia,  Griseb. 
vertically  transcurrent  veins  are  present,  for  in  this  case  sclerosed  tissue  adjoins 
the  bundles  of  sderenchyma  belonging  to  both  sides,  and  extends  as  far  as 
the  epidermis.    Enlarged  terminal  tracheides  have  been  observed  in  Polygala 
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ephedroidesy  Burch.,  Badiera  domingensis,  DC,  Xanthaphyllum  fiavescens^  Roxb. 
and  X.  viteUinum^  Bl.  The  midrib  mostly  contains  a  smgle  round,  band-shaped, 
or  horse-shoe-like  vascular  bimdle.  Two  bimdles  are  present  in  MaUabea 
only ;  of  these  the  upper  one  has  reversed  orientation. 

Similarly,  accordmg  to  Chodat  and  Komarofif,  the  petiole,  even  in  Iai|;e- 
leaved  species,  is  as  a  rule  traversed  by  a  single  vascular  bundle  only,  which 
in  Polygala  has  nearly  always  a  crescent-shaped  transverse  section.  In  species 
of  Sect.ridaca,  in  Bredemeyera  and  in  Polygala  venenosa^  a  transverse  section 
of  the  fibro- vascular  system  shows  a  ring  which  is  only  slightly  open  above,  in 
MotUabea,  Carpolobta,  Afzeliana  and  some  species  of  XanOuyphyllum  there  is 
a  closed  ring.  The  vascular  system  becomes  still  more  complicated  in  Xan- 
thophyllum  vitellinum^  &c. ;  on  this  subject  further  details  are  to  be  found  in 
another  place. 

Oxalate  of  lime  is  deposited  in  the  leaf  and  axis  mostly  in  the  fonn 
of  ordinary  solitary  or  clustered  crystals.  In  the  bast  of  Radix  Ratanhiae 
(Krameria  triandra^  Ruiz  et  Pav.)  crystal-sacs  occur  with  several  prismatic 
solitary  crystals  in  the  same  cell.  According  to  the  investigations  hitherto 
undertaken,  oxalate  of  lime  appears  to  be  wanting  in  some  genera  {Xanihapkyl» 
lum,  Bredemeyera).  In  this  connexion  reference  should  be  made  to  the  granular 
or  radiating  masses  resembling  clustered  crystals  and  composed  of  a  substance, 
on  the  nature  (resinous  ?)  of  which  nothing  further  is  known ;  Vesque  has 
met  with  these  masses  in  the  mesophyll  of  certain  species  of  Polygala  (P.  adeno- 
phylla,  St.  Hil.,  P,  '  cordata,^  P,  myrtifolia^  P.  pinifolia^  Lam.,  P.  rosmarinifolia^ 
Eckl.  et  Zeyh.,  P.  speciosa) ;  they  are  insoluble  in  hydrochloric  acid,  soluble  in 
potash-solution  and  in  alcohol.  We  may  mention  as  probably  identicd  with 
these  masses  the  excretions,  which  Chodat  has  described  as '  lysigenous  oil- 
receptacles  in  many  South  American  species  of  Polygala  (e.g.  P.  glandtdosa  or 
P.  macradenia). 

The  hairy  covering  consists  almost  exclusively  of  unicellular  hairs.  Only 
in  Bredemeyera  and  XanthophyUum  are  the  hairs  uniseriate,  owing  to  subse- 
quent septation.    Glandular  hairs  are  absent. 

The  form  of  the  unicellular  hairs  differs  somewhat  in  the  different  species 
as  also  does  the  nature  of  their  walls.  Thus  the  hairs  are  either  long  and  potnted, 
in  this  case  sometimes  {Polygala  coriacea^  St.  HiL,  Comesperma  volubiiis,  LabilL, 
C.  ramcsissima,  Steud.,  Monnina)  narrowed  at  the  base ;  or  they  are  short  and 
conical  and  are  then  occasionally  curved  into  a  hooked  form  {Comssperma  Umgi- 
folia,  Steud.,  Badiera  domingensis,  DC.).  The  wall  of  the  hair  is,  for  the  most  part, 
little  thickened,  sometimes  even  very  thin  (Polygala  coriacea).  But  in  certain 
species  of  Mundtia,  Muraltia,  and  Krameria^  the  v^aJl  of  the  hair  is  thick  and  the 
cell-lumen  almost  obliterated.  Lastly,  Monnina  has,  in  addition,  fairly  short 
unicellular  hairs  considerably  thickened  at  the  tip.  The  wall  of  the  hair  is  very 
frequently  provided  with  knob-like  thickening  on  its  outer  side  ;  but  not  always, 
e.g.  not  in  most  of  the  species  of  Polygala,  in  MuralHa  rusci folia,  Eckl.  et  Zeyh.,  in 
MonninOy  Krameria,  &c. 

3.  Structure  of  the  Axis.  Hoarding  the  structure  of  the  wocmI  the 
following  facts  should  be  specially  mentioned  as  shown  by  my  own  investigation 
of  species  of  Muraltia^  Polygala,  and  Securidaca^  as  well  as  by  that  of  Chodat 
The  xylem  always  forms  a  closed  ring,  even  in  the  herbaceous  species  investi- 
gated by  Chodat.  The  medullary  rays  are  narrow,  and  their  cells  are  dongated  in 
the  vertical  direction.  The  vessels,  which  are  not  numerous,  vary  in  the  size 
of  their  lumina  (maximum  diameter  in  MuraUia  ononidifoHa^  EckL  et  Zeyh. 
•018  mm.,  in  Securidaca  Tavoyana,  Wall.  -08  mm.).    The  perforations  are  simple ; 

^  Secretory  organs  of  other  tyoes  are  wanting  in  the  leftTet  of  the  Polygaleae,  althoogh  Spaek 
attributes  a  milky  sap  to  some  of  tbem  ;  as  to  the  oil-cells  stated  bj  CkocUU  to  oocv  k  tl«  wood 
of  FolygtUa  Sifie^,  see  under  the  structure  of  the  wood. 
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tlie  walls  of  the  vessels  are  provided  with  bordered  pits  even  where  they  are 
in  contact  with  the  parenchyma  of  the  medullary  rays.  Spiral  thickening  of 
tlie  vesael-wall  has  been  observed  in  Polygala  Eckloniana^  Presl  and  MuraUia 
omamiifolia.  In  aU  members  of  the  Order  the  wood-prosenchyma»  which  forms 
the  groundwork  of  the  xylem,  has  bordered  pits,  even  in  Krameria  triandra ; 
this  favours  the  view  that  Krameria  belongs  to  the  Polygaleae  and  not  to 
the  Caesalpinieae  (cf.  under  that  Family).  According;  to  Chodat,  wood-fibres 
with  simple  pits  are  sometimes  intermingled,  in  relatively  small  quantity^ 
with  the  main  mass  of  wood-prosenchyma,  which  has  bordered  pits.  I  leave 
the  interpretation  of  the  oil-cells,  described  by  Chodat  in  the  wood  of  Polygala 
Sm^po,  an  oota  question. 

The  pttn  consists  of  li^ified  or  unlignified  cells.  In  the  second  case  the 
shoot  freauently  becomes  nstular.  Stone-cells  have  been  observed  in  the  pith 
of  Polyfola  macroptera^  DC.  and  species  of  Securidaca. 

With  regard  to  the  structure  of  the  cortex,  the  following  is  to  be  gathered 
from  Chodat's  statements.  The  epidermis  shows  manifold  differences  with 
respect  to  the  nature  of  its  walls.  It  is  strondy  thickened  in  xerophilous 
tpedeSi  but  is  thin-walled  in  those  provided  with  leaves  adpressed  to  the  stem. 


Fig.  fl),    AmomIom  pieces  of  ttttm  ol :  A,  Semridmcm  StUawtana^  Klotnch  ;  B,  Sscuridaca  UnttdmH^  St.  Hil. 
b  ffwvs  ■ataraJ  mat ;  xjlen-portiocM  whits,  bast-portioo*  and  cortical  portions  •haded.— After  H.  Scheock. 

Horizontal  division-walls  have  been  observed  in  the  epidermal  cells  of  species 
of  Securidaca  ;  papillose  differentiation  of  the  epidermis  in  Polygala  poly^ama 
and  P.  Laureola.  In  Moutabea  ^uianensis  cork,  made  up  of  stone-cells,  is 
iomKl  iounediately  below  the  epidermis.  The  primary  cortex  is  frequently 
ooQenchjnnatous.  It  contains  stone-cells  in  Polygala  ligustroides,  groups  of 
fibres  in  the  herbaceous  shoots  of  Securidaca  and  Comesperma.  Identical 
croups  of  fibrous  cells  occur  also  in  the  ribs  which  are  present  on  the  stem  in 
loroe  species,  e.g.  Polygala  irregularis  and  Comesi>erma  volubilis^  while  the 
wini^  of  the  stem  of  Polvgala  triqueira  are  only  filled  with  cortical  parenchyma. 
Hard  bast  is  present  in  the  pericycle,  and  either  (Polygala  setacea)  forms  small 
tsoiated  bundles  only,  or  a  narrow  ring  (Polygala  adenophylla,  P,  ambigua^ 
P.  ieptosiackys)  or  a  very  broad  ring  (Securidaca),  The  individual  bast-fibres 
are  either  thjck-walled  and  have  narrow  lumina,  being  in  that  case  stratified 
(Poiygala  macroptera\  or  have  fairly  wide  lumina  (Polygala  supina).  Secon- 
dary hard  bast  has  been  observed  in  some  cases. 

Anommlotis  ttmcture  of  the  axis  is  present  in  some  members  of  the 
Order  in  the  form  of  successive  rings  of  growth.  This  was  first  described  by 
the  older  authors  in  Securidaca  volubilis  and  Comesperma.  To  the  species 
pcCTenting  this  anomaly  we  must  add  :    according  to    H.  Schenck,   Brede 

H  2 
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meyera,  Schenckiana^  Chodat,  Securidaca  lanceolata,  St.  Hfl.  and  5.  SeUawiana, 
Klotzsch,  and  according  to  Chodat,  Moulabea  guianensis.  Catocoma  lucid^, 
Benth.  {-^Bredemeyera  lucida)  differs  from  Breiemeyera  Schenckiana  in  having 
normal  structure,  according  to  Criiger.  The  anomaly  in  question  only 
appears  fairly  late,  and  is  therefore  not  usually  to  be  met  with  in  the  branches 
of  herbarium-material.  The  formation  of  the  secondary  bundles^  according 
to  H.  Schenck,  takes  place  in  the  parenchymatous  pericyde  on  the  inner  side 
of  the  bundles  of  primary  hard  bast ;  witii  this  De  Bary's  statement  (origin 
of  the  secondary  bundles  in  the  outermost  part  of  the  bast)  may  in  some  measure 
be  brought  into  agreement.  As  to  the  general  appearance  of  the  transverse 
section  of  the  axis  it  may  be  added  that  the  rings  of  wood  in  Securidaca  are 
more  or  less  frequently  traversed  by  radial  bribes  of  the  same  thin-walled 
parenchyma  of  which  the  intermediate  tissue  between  the  successive  rings  of 
bundles  consists  (they  occur,  though  not  very  abundantly,  in  Securidaca  Sd- 
lowiana.  Fig.  23,  A,  but  are  speciailly  abimdant  and  irre^ar  in  5.  lanceokUa^ 
Fig;.  23,  B).  This  also  holds  good  for  S.  volubilis,  accordmg  to  Criiger's  figure, 
while  in  Bredemeyera  Schenckiana  the  rings  of  wood  are  broad  and,  as  far  as 
is  known,  continuous. 

4.  Structure  of  the  Root.  A^th  rep;ard  to  this  it  need  only  be  mentioned 
that  the  successive  rings  of  bundles,  accordmg  to  Cruger,  also  occur  in  the  root  of 
Securidaca  volubilis,  and  that  the  irregular  shape  of  the  mass  of  wood  in  Radix 
Senegae  (which,  as  is  well  known,  is  nssnred  at  many  points,  and  is  excavated 
especially  in  the  region  opposite  the  so-called  keel)  is  caus^  according  to  Linde,  by 
the  intrusion  of  broad  ana,  for  the  most  part,  thin-walled  medullary  rays. 

literature  :  Decaisne,  Arch.  Mas.  d*hist.  nat.,  t  i,  1839,  p.  305  and  Tab..x. — Criiger,  Bot  ZA. 
1850,  p.  i6t,  Taf.  iva.— Wigand,  Flora  1856,  p.  6^k.— FriU  Miiller,  Bot  Zeit  1866,  Tk£  fiL— 
De  Bft^,  Vergl.  Anat.,  1877.— Vesque,  Nouv.  Arch.  Mns.  d*hist.  nat,  whx.  9,  t  ▼,  i88»-3,  pp.  363- 


84  and  pi.  a  a. — H^rail,  Tige,  Ann.  sc.  nat,  i^.  7,  t  ii,  1885,  p.  asa. — Soleieder,  Holntr.,  1885, 
pp.  69,  70. — Linde,  Senega- Warzel,  Diss.,  Rostock,  x8iB6,  see  also  Flora  1886. — Chodat,  Moaogr. 
Polyralac,  i,  Genf  and  Basel,  1891,  pp.  38-49, 103- 14^  and  Tab. ;  see  also  M^m.  Soc  de  phjs.  et  dl£t 
nat.  de  Gen^e,  vol.  snppl.  1890,  n.  7. — [Feuillonx,  Et  anat  des  P.,  Th^,  Lons-le-Soulmier,  1891.] 
— Strasbnrger,  Ban  n.  Verr.,  1891,  pp.  a8o-3. — Finaelbacb,  Anat  det  Krameriac^et,  in  Chodat, 
Labor,  bot.  Univ.  de  Geneve  1893,  pp.  7-10,  separate  copy  from  Arch,  sc  phyt.  et  nat  de  GcdHc, 
3*  p^riode,  1891-a. — H.  Schenck,  Anat.  d.  LUnen,  1893,  pp.  xa6-30  and  Tab.  lit — Cbodat,  ia 
Natiirl.  Pflanzenfiun.,  iii.  Tell,  Abt.  4,  1896,  pp.  334,  335. — Komaroff,  Struct  foL,  BoU.  Heftier 
Boissier,  1897,  p.  346  et  seq.^Warmmg,  Halofyt  StndL,  K.  Danske  Vid.  Selsk.  Skr.  1897,  p.  J05. 

VOCHYSIACEAE  (incl.  Trigoniaceae). 

I.  Review  of  the  Anatomical  Features.  The  following  characters  are 
common  to  the  Vochysiaceae,  with  the  exception  of  the  Trigoniaceae  (Le.  of 
the  genera  Trigonia^  Trigoniastrum  ^  and  Xighiia) :  (a)  the  occarrence  of 
intraxylary  soft  bast,  which  is  differentiated  in  tiie  form'of  a  ring  of  phloem  in 
the  medullary  sheath  or  in  the  form  of  medullary  phloem-islands ;  and  (6)  the 
simple  pitting  of  the  wood-prosenchyma.  The  Trigoniaceae,  on  the  other 
hand,  possess  simple  collateral  vascular  bundles  and  wood-prosench]rma  with 
bordered  pits.  Simple  perforations  of  the  vessels  are  present  in  all  tile  Vodiy- 
siaceae  (including  the  Trigoniaceae),  and  the  wood-parenchyma  is  always  more 
abundantly  developed  than  is  commonly  the  case.  The  genus  Erisma  is  dis- 
tinguished from  the  others  by  the  possession  of  interxylary  phloem.  The  cork 
takes  its  origin  either  in  a  superficial  cell-layer  of  the  cortex  {Salvertia^  Vockysia, 
Trigoniaceae),  or  in  the  pericycle  {Erisma,  Oualea).  The  stomata  are  either  sui^ 
rounded  by  several  ordinary  epidermal  cells  {Vochysia^  Erisma^  SalverHa),  or 

^  The  genns  Tyigomastrum^  which  is  included  by  Benthani  and  Hooker  in  the  Poljgaleae,  has 
been  removed  by  Chodat  (Balletin  de  THerbier  BoiMier,  t  iii,  18951  p.  136  cC  vq.)  to  the  tn- 
gooiaocae  and  is  therelbfe  dealt  with  liere. 
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are  accompanied  hy  sabsidiary  cells,  which  lie  parallel  with  the  pore  (CaUisihene, 
QmoUa,  and  csptaaSLy  Trigama).  Oxalate  of  lime  is  deposited  in  the  fonn  of 
solitary  {QmaUm^  Erisma)^  or  clustered  crystals  {CaUisikene^  Vockysia^  Salvertia^ 
Trigamm),  or  chisteivd  and  solitary  crystals  (Trigoniaceae).  In  this  Order  the 
occurrence  of  mucilage  or  gam  is  a  very  widdy  distributed  phenomenon.  Epi- 
dennal  oeOs  of  the  leaf  with  mucilaginous  inner  membranes  have  been  observed 
in  sptcks  of  CaUistktne^  QwUea^  SalverHa^  Trigonia^  and  Trigoniastrum^  mucila- 
ginous Inrpoderm-cells  in  LighHa  licanioides.  Spruce,  mucfla^ous  cells  in  the 
tissue  of  cortex  and  pith  in  QuaUa,  lysigenous  gum-canals  m  the  pith  of  the 
branch,  petiofe  and  leaf-veins  in  the  genera  So/v^r^  KocAysio,  and  £ii^^  The 
hairy  covering  consists  only  of  clothing  hairs.  Glandular  hairs  are  absent, 
apart  from  the  large  nectaries  occurring  above  the  stipules  in  species  of  Qualea. 
Tne  dothin^  hairs  are  unicellular  throughout.  In  Erisma  several  of  these 
are  united  mto  tufted  hairs.  Special  forms  of  simple  unicellular  hairs  are 
the  one-armed  trichomes  of  Salveriia  convaUariaeodora^  St.  Hil.,  and  the  two- 
armed  hairs  of  certain,  but  not  all,  ^)edes  of  Vockysia.  Among  speciaUy 
noteworthy  anatomical  characters,  which,  however,  only  occur  in  certain  spedes 
and  are  characteristic  of  these  onlv,  the  following  should  be  mentioned  :  the 
small-cdled  epidermis  of  the  leaf  of  Erisma  piolaceum^  Mart,  and  Li^ktia 
Jfftffifotitfs,  Spruce ;  the  typically  two-layered  epidermis  on  the  upper  side  of 
the  leaf  of  certain  spedes  of  Qualea  and  Vockysta  ;  the  occurrence  of  a  large- 
odkd,  one-layered  hypoderm  on  the  upper  side  of  the  leaf  of  Ligkiia  licanioides ; 
the  papillose  epidermis  on  the  lower  side  of  the  leaf  of  Qualea  glauca^  Warm. ; 
the  occurrence  or  absence  of  sderench^a  accompan)dng  the  vascular  bundles 
of  the  veins ;  the  much-dongated,  spirally-thickened  storage-tracheides  in  the 
mesophyll  of  Vockysta  rufa^  llart. ;  the  branched  sderenchymatous  cells  in 
the  leaf-tissue  of  LighHa  licanioides ;  the  diverse  differentiation  of  the  intraxy- 
lary  phloem  ;  the  occurrence  of  sderenchyma  in  the  pith  ;  the  septation  of  the 
woocf-jprosenchjnma  by  means  of  thin  division-walls ;  the  inversely  orientated 
medullary  bundles  in  an  undetermined  spedes  of  Tri&mia^  &c.  How  far  the 
bifacial  leaf-structure,  the  straight  lateral  walls  of  the  epidermal  cdls  of  the 
leaf,  the  restriction  of  the  stomata  to  the  lower  leaf-surface,  and  the  vertu^ 
transcurrence  of  the  smaller  veins  (features  almost  all  ^  of  which  have  so  far 
been  met  with  in  aU  the  spedes  investigated),  are  of  importance  for  the 
diagnosis  of  the  Order,  can  (mly  be  determined  by  investigation  of  more 
numerous  spedes. 

3.  Stkuctuke  of  the  Leaf.  This  has  been  investigated  by  Wille  in 
Vochysia  oppugnata^  Warm.,  V.  laurifaUa^  Warm.,  Qualea  daxicvU^  Warm., 
and  Q.  Gesiasimma^  St.  HiL ;  by  me  in  Callistkene  fascicukUa^  Mart,  Qualea 
fbmctf.  Warm.,  Erisfna  violaceum^  Mart.,  Vockysta  rufa^  Mart.,  Salveriia  am- 
wattariaeodara^  St.  Hil.,  Trigonia  laevis^  Aubl.,  and  T,  Volkensiana^  K.  Schum. ; 
lastly  by  Barth  in  numerous  spedes  of  Trigonia^  LigkHa  licanioides^  Spruce,  and 
Trigoniasirum  kyp<4eucum,  liiq. 

The  structure  of  the  leaf  in  the  spedes  named  is1>ifacial ;  in  Qualea  glauca 
alone  the  nprngy  parenchyma  is  partly  differentiated  like  pali^ule.  In  the 
^>ecies  examined  1^  me  the  epidermal  cells  on  both  sides  of  the  leaf  have 
a  polj^gonal  outline  in  surface  view.  In  Erisma  violaceum  the  epidermal  cells 
of  the  upper  side  of  the  lead  are  characterized  by  a  surprisingly  small  ccmtour 
and  are,  m  part,  divided  by  rather  thin  secondary  vertical  walls ;  those  of 
LifkHa  licamoides  (according  to  Barth)  are  also  small.  In  Vochysia  rufa  the 
etndennis  of  the  upper  skte  of  the  leaf  becomes  two-layered  owing  to  horizontal 
dovision^walla,  the  cdb  of  the  upper  and  lower  layers  corre^xmding  throughout. 

'  7Viil«MMndappaf«d7altotbefcitoftheTrigoiiiaccaeluTeiio*v^^ 
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The  same  is  the  case,  according  to  Wille's  fi|;ures,  in  Qualea  GUmovii  and  Q.  Ges^ 
tasiana,  and  locally,  according  to  Barth,  in  Lightia  licanioides  and  TrigonU- 
strum  hypoleucum.  Lighiia  licanioides  possesses  a  one-layered,  large-celled 
hypoderm  beneath  the  locally  doubled  epidermis.  The  occurrence  of  epidermal 
or  hypodermal  cells  with  mucilaginous  mner  membranes  is  widely  distributed 
I  have  met  with  mucilaginous  epidermal  cells  in  Cattisikenejascioulaia^  Quotes 
glauca,  Salvertia  convaUariaeodoray  Trigonia  laevis  and  i .  Votkensiana^  in 
specially  large  numbers  in  the  two  last-named  species  and  present  on  both 
sides  of  the  leaf ;  to  judge  by  WiUe's  figure,  they  are  also  found  in  Quales 
Gestasiana,  and,  according  to  Barth,  in  most  of  the  spedes  of  Trigonia  inves- 
tigated by  him  and  in  Trigoniasirum.  In  LigMia  licanioides  the  cells  of  the 
hypoderm  are  mucila£^ous.  The  stomata  are  restricted  to  the  lower  epi- 
dermis of  the  leaf  in  all  investigated  species.  According  to  Wille,  the  mother- 
cell  of  the  ^ard-cells  in  Vochysia  oppugnata  ori^ates  on  the  appearance  of 
the  first  division-wall.  Hence  in  Vochysia  the  pair  of  guard-cells  is  sonound^i 
by  several  ordinary  epidermal  cells.  This  applies  also  to  the  species  of  Vod^sia^ 
Erisma,  and  Salvertia  investigated  by  me.  The  stomatal  apparatus  of  CoUt- 
slhene,  Qualea^  and  Trigonia^  on  the  other  hand,  judged  by  the  mature  structure, 
is  to  be  referred  to  the  Rubiaceous  type ;  the  subsidiary  cells  parallel  to  tli^ 
pore  are  especially  distinct  in  the  speaes  of  Trigonia.  It  should  also  be  stated 
that  the  cdls  of  the  lower  epidermis  of  the  leaf  of  Qualea  glauca  are  papiUosdy 
differentiated.     The  vascular  bimdles  of  the  larger  and  smaUer  veins  m 

?ualea  glauca,  Erisma  violaceum,  Vochysia  rufa,  Salvertia  convallariaeodara  and 
rigonia  laevis  are  provided  with  a  sclerenchymatous  investment  of  variable 
strength,  but  this  is  absent  in  CaUisthene  fasdculata  and  Trigonia  Volke9mana. 
A  pomt  of  more  importance  than  either  this  feature  or  the  appearance  of 
the  midrib  and  petiole  in  transverse  section  (as  to  which,Wille's  statements 
regarding  the  species  investigated  by  him  may  be  refeired  to)  is  tiie  fact 
that  the  smaller  veins  are  vertically  transcurrent  in  all  the  species  investigated 
by  me  (excluding  the  two  species  of  Trigonia),  for  tissue  whidi  is  usually  thin- 
walled  and  colourless,  more  rarely  sclerotic,  adjoins  the  vascular  bundles  of 
these  veins  and  extends  as  far  as  the  epidermis  on  both  sides.  Here  we  must 
also  note  the  occurrence  of  spirally  thiocened  storage-tracheides  in  the  leaf  of 
Vochysia  rufa  and  of  branched  sderendiymatous  fibres  in  the  leaf  of  Trigo- 
niastrum  hypoleucum.  The  storage-tracheides  of  Vochysia  rufa,  which  are  in 
connexion  with  the  tracheae  of  the  terminations  of  the  veins^  are  of  tubular 
shape,  and  often  traverse  almost  the  entire  thickness  of  the  1^  in  a  peipen- 
dicular  direction,  their  upper  ends  extending  dose  to  the  upper  epidermis. 

Oxalate  of  lime  is  deposited  in  the  leaves  in  the  form  of  solitaiy  and 
dustered  crystals.  In  the  spedes  of  Qualea  and  Erisma  dted,  oofy  ormiary 
solitary  crystals  have  been  observed,  in  the  spedes  of  CaUisthene^  Vochysia  and 
Salvertia,  only  dustered  crystals^  but  in  the  Trigoniaceae  botii  solitary  and 
dustered  crystals  occur. 

The  hairy  covering  consists  as  a  rule  of  simple  unicellular  hairs  (CaUisthene, 
Oualea,  Vochysia,  Salvertia,  Trigoniaceae).  Tnese  uniceUukr  habs  exhibit 
differences  in  the  first  place  as  regards  their  length  and  the  thidbiesB  of  their 
walls,  and  their  straight  or  undulated  course.  The  simple  ««v^lltiinT  hairs  of 
Qualea  glauca  and  Vochysia  rufa  are  noteworthy,  as  having  a  suddenly  nar- 
rowed and  contracted  base,  which  is  wedged  in  between  the  epideimal  oeDs ; 
those  of  Salvertia  convallariaeodora  must  be  referred  to  the  one-armed  hain. 
A  transition  is  afforded  through  the  one-armed  hairs  to  the  imirplliilT  two- 
armed  hairs  of  certain  but  not  of  all  (see  above)  species  of  Vockysim.  WiDe 
states  that  the  latter  occur  in  V.  laurifoUa  and  V.  oppugnaia ;  I  have  met 
with  them  also  in  V.  vismiaefolia.  Spruce.  A  further  spedaX  form  of  hair 
occurs  in  the  genus  Erisma,  namdy,  tufted  hairs ;  these  are  composed  of  a 
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variable  number  of  ray-cells.  Real  glandular  hairs  are  absent.  On  the  other 
hand,  laiiee  extrafloral  nectaries,  which  appear  to  excrete  a  gummy  secretion 
and  are  pUced  singly  above  the  stipules,  have  been  observed  by  Wille  in  QuaUa 
laurifolia  and  Q.  ofpugnaia ;  their  structure  requires  further  mvesti^ation. 

3.  Structure  of  the  Axis.  Intrazylary  soft  bast  is  characteristic  of  the 
true  Vochvsiaceae ;  it  has  been  demonstrated  by  WiUe  and  by  me  in  twenty-nine 
species  of  the  genera  Salvertia^  Vockysia^  Erisma^  QuaUa,  and  Callisthene, 
ihis  inner  soft  bast,  to  the  more  detailed  description  of  which  I  shall  return 
immediately,  is  wanting,  on  the  other  hand,  in  the  Trigoniaceae,  which,  accord- 
ing to  Warming's  view,  must  be  separated  from  the  Voch)rsiaceae,  and  in 
conesfKuidence  with  this  have  recently  been  raised  by  Petersen  to  the  rank 
of  an  independent  Order.  Almost  all  the  species  of  Trigonia  as  well  as  Trigo- 
niasirum  and  Ligklia  have  auite  normal  stem-structure  (branch) ;  only  one 
species  of  Tri^onia^  mentioned  by  Petersen  but  not  determined,  forms  an  excep- 
tion to  this,  masmuch  as  an  interrupted  ring  of  vascular  bundles  is  met  with 
in  the  pith  of  this  plant,  and  shows  inverse  orientation,  i.e.  with  xylem  outwards 
and  phloem  inwards.  The  inner  soft  bast  is  developed  in  different  wa)rs  in  the 
genera  quoted  above.  It  is  present  either  in  the  form  of  islands  scattered  in 
the  pith  or  as  a  ring  in  the  medullary  sheath,  or  lastly,  it  occurs  in  both  forms. 
All  the  species  of  Vochysia  and  Salvertia  hitherto  investigated  have  only  islands 
of  soft  oast  in  the  pith.  In  a  certain  number  of  the  species  of  Qualea,  e.^. 
Q.  Glazumh  Warm.,  there  is  a  ring  of  soft  bast  at  the  mar^  of  the  pith  ;  m 
other  species  of  the  same  ^enus,  e.g.  Q.  Gcsiasiana,  St.  Hil.,  islands  of  soft  bast 
occur  in  the  pith  in  addition  to  the  ring.  In  CaUistkene  only  the  ring  of  soft 
bast  is  present.  Lastly,  in  Erisma^  either  medullary  islands  as  well  as  a  ring 
of  soft  bast  (£.  calcaraium.  Warm.)  have  been  observed,  or  the  former  alone 
(£.  violaceum^  Mart.,  E.  micranihumf  Spruce).  All  the  preceding  detailed 
statements  can  be  shortly  summarised  oy  saying  that,  according  to  inves- 
tigations hitherto  carried  out,  groups  of  soft  bast  m  the  pith  are  not  lacking 
in  any  species  of  Vochysia^  Salvertia  or  Erisma,  nor  the  ring  of  soft  bast  in  the 
medullary  sheath  in  any  species  of  CaUistkene  or  Qualea. 

With  repaid  to  the  pith,  mention  ^ould  also  be  made  of  the  presence  of 
fijoups  of  sclerenchyma,  which  are  described  by  Wille  for  species  of  Salvertia^ 
Vochysia^  Erisma^  and  Qualea.  They  sometimes  show  a  relation  to  the  groups 
of  soft  bast. 

Regarding  the  structure  of  the  wood  the  following  statements  arc  based 
on  what  is  found  in  the  species  of  the  genera  Vochysia^  Qualea^  Erisma,  and 
Trigonia  investigated  by  me,  as  well  as  on  Barth's  statements  regarding 
the  Trigoniaceae.  The  meduUary  rays  are  3-3-seriate,  and  their  cells  are 
elonjg;ated  in  psut  in  the  vertical,  m  psu^  in  the  radial  direction.  The  vessels 
are  isolated,  or  in  radial  series ;  their  lumina  are  round  and  have  a  maximum 
diameter  of  -osi-^op  mm.  T^e  perforations  of  the  vessels  are  simple  and 
circular  or  elliptical.  On  the  wall  of  the  vessel,  where  it  is  in  contact  with 
the  p>arenchyma  of  the  medullary  rays,  bordered  pits  occur,  or,  besides  the  latter, 
transitions  to  simple  pits  (Erisma).  The  bordered  pits  of  the  vessel-wall 
sometimes  {CalHsikene^  Erisma^  Vochysia)  possess  the  sieve-plate-structure 
discovered  by  Bengt  Jdnsson  (Heiden).  The  wood-prosenchyma  Dears  bordered 
pits  in  the  Trigoniaceae,  elsewhere  simple  pits ;  in  the  latter  case  it  is  sometimes 
\OuaUa  dichotoma^  Warm.)  septate.  Wood-parenchyma  is  developed  fairly 
abundantly  in  all  the  members  of  the  Order ;  chambered  crystal-parenchyma 
with  solitary  crystals  has  been  observed  in  Qualea  dichotoma  and  Erisma 
violaceum.  Mart. 

The  four  species  of  Erisma  investigated  (£.  calcaraium^  Warm.,  E.  micran-' 
ikum^  Spruce,  £.  uncinatumf  Warm,  and  E.  inolaceum^  Mart.)  are  characterized 
by  a  spedal  anomalous  structure  of  the  wood— interxylary  phloem.    The  islands 
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of  soft  bast  in  the  wood,  according  to  Wille  and  Chodat,  are  given  off  by  tbe 
cambium  on  its  inner  side  ^ 

The  researches  of  Wille  and  Barth  give  some  information  as  to  the  stmctnre 
of  the  cortex.  The  formation  of  cork  takes  place  subepideimally  in  the  Trigo- 
niaceae,  near  the  epidermis  in  Salvertia  and  vockysiOf  on  tbe  inner  side  of  the 
sclerenchymatous  pericycle  in  Erisma  and  Qualea.  Sderenchyma  is  present 
in  abundance  in  the  cortex.  In  the  p>ericycle  it  sometimes  forms  an  ahnost 
closed  ring  (Qualea  Glaziovii^  Warm.),  or  a  composite  and  continuous  scleren- 
chymatous rmg  (Trigoniaceae).  Sderenchyma  is  frequently  also  developed 
in  the  secondary  bast  (Trigoniaceae,  Qualea^  Vochysia). 

Secretory  organs,  apart  from  tannin  cells,  which  are  widely  distributed 
in  the  pith  and  cortex,  are  represented  b3r  lysigenous  mucilage-canals  and 
mucilage-cells,  found  in  the  axis.  The  mucilage-canals  are,  as  a  rule,  present 
only  in  the  pith.  They  run  for  a  distance  of  i  or  2  intemodes  in  the  stem,  and 
then  pass  without  anastomoses  into  the  petiole,  from  which  they  can  some- 
times be  traced  into  the  larger  veins  of  tiie  leaf.  In  the  petiole  and  in  the 
veins  the  mucilage-canals  are  situated  on  the  inner  or  upper  side,  as  the  case 
may  be,  of  the  xylem,  and  only  exceptionally  (in  the  petiole  of  Vodhysia  oppmg- 
nata)  occur  in  the  bast  also.  Mucilage-canals  have  been  observed  in  the  species 
oiSalvertia^  Vochysia^  and  Erisma  enumerated  below*;  whether  they  have 
specific  or  generic  value,  requires  to  be  more  fully  tested.  The  mudlage-cells 
(cells  with  mucilaginous  membrane  or  groups  of  such  cells)  are  present^ in 
many  species  of  QuaUa^  e.^.  Q,  Gestasiana^  St.  Hil.,  in  the  primary  cortex  and 
in  the  pith  of  the  axis  as  well  as  in  the  parenchyma  of  the  petiole  ;  the  mucilage- 
canals  mentioned  above  are  absent  in  Qualea.  The  gum-canals  of  the  wood, 
stated  by  Wille  to  occur  in  Q,  Lundii^  Warm.,  appear  to  be  of  a  pathological 
nature.  Lastly,  it  remains  to  be  mentioned,  that  mucilage-containing,  secre- 
tory spaces  arise  by  the  disintegration  of  groups  of  eeUs  in  the  stipniles  of 
Vochysia  opfugnata. 

Literature :  Wille,  Om  stamm.  f>g  blad.  bygn.  hot  Vochjfkc«,  Orenigt  Vidcnikab.  Sdak.  Kj^bcs- 
ham  1 88a,  pp.  180-205,  Tab.  yii-xi,  with  French  rinuni^  pp.  13-ao. — Solereder,  Holtttr.,  1885, 
PP*  7(>-3- — ^xxAX  and  Brebner,  Anat  and  hist,  oi  StrycMnos,  Annali  of  Bot.  1889,  pp.  S9S-7* — Chodat, 
Atti  del  Congr.  intemaz.  Geneva  189a,  p.  144  et  seq.— Heiden,  Anat.  Charmkt  d.  CombietaoeeB, 
Din.,  Erlangen  1893,  p.  16  note. — H.  Schenck,  Anat  d.  Lianen,  1893,  p.  13a— Peteneay  in  Natibi 
PflaDzenfam.,  iii.  Teil,  Abt.  4,  1896,  pp.  309,  310  and  313.— Barth,  Anat.  oomo.  de  La  tig»  et  dhe  la 
fenille  det  Trigoniac^  etc.,  Ball  de  1  Herbier  Boissier,  t  It,  18961  pp.  483-96L 


FRANKENIACEAE. 

This  small  Order,  composed  solely  of  strand-  and  desert-plants  and  com* 
prising  the  three  genera  Frankenia^  oeaisonia,  and  NiederUinia^  is  especially 
characterized  anatomically  by  the  possession  of  extremely  pecuUar  epidennal 
glands  (Fig.  24),  which  frequently  secrete  certain  salts»  and  which  agree  in 
their  structure  with  the  glands  of  the  Tamariscineae  and  Plumbajgineae. 
The  hairy  covering  is  composed  of  simple  unicellular  trichomeSi  which  are 
sometimes  grouped  together  in  tufts.  Oxalate  of  lime  occurs  in  the  fonn  of 
clustered  crystals.  In  the  woody  species  the  wood  consists  of  vesseb  with 
simple  perforations  and  of  wood-prosenchyma  with  simple  pits^  while  distinct 


*  Interxylary  phloem  also  occurs  in  the  root  of  Erisma  and  there  ibnns  miall  groom  of  edls» 
enclosed  in  ulands  of  the  nnlignified  parenchyma ;  the  details  of  its  origin  have  yet  to  be  dcteraiiMd. 

'  Sahertia  comfollariatodora,  St  Hil. ;  Vochysia  HfaUaia,  Warm.,  K  cimtummmm^  Pohl,  V. 
divtrgens,  Pobl,  K  tlliptica,  Mart^  V,  emarginaia,  Vahl,  K.  laurMim^  Warm.,  K.  ijf^/a^pwaftL 
>A  arm.,  V.  ^uadrangulaia.  Warm.,  V,  rufa.  Mart.,  V.  tfyrs9id§a^  Pobl,  K.  Thummrnm^  Mart,  K 
msmiatfolia^  Spmce ;  Erisma  micraiUkmm^  Spmoe. 
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meduIlary-Tay-parenchyma  is  wanting.  The  cork  arises  subepidermaUy  in  the 
case  investigated  {Frankenia  laevis  according  to  Douliot). 

In  am^ification  of  this  short  diagnosis,  the  following  facts  may  be  added. 
The  leaves  which  are  usually  revolute  at  the  margin  (rolled  leaves)  show 
a  very  varied  appearance  in  transverse  section,  which,  if  always  taken  at  the 
same  point  (the  middle  of  the  leaf),  can  be  made  use  of  as  a  specific  character. 
In  most  monbers  of  the  Order,  even  in  NiederUinia  juniperotdes,  Hieron.,  the 
mesophyll  is  bifacial  in  structure ;  the  palisade-cells  are  found  on  the  upper  side, 
usually  taking  up  half  the  thickness  of  the  leaf,  and  are  secondarily  divided  by 
transverse  wsdls.  Subcentric  structure  of  the  parenchyma  of  the  leaf  occurs 
in  Beaisonia  portulacifolia^  Roxb.  and  in  some  few  species  of  Frankenia,  which 
likewise  have  flat  leaves,  e.g.  F.  grandifolia,  Cham,  et  Schlecht.,  -F.  hirsuta, 
L.,  F.  NicolMana,  Gay,  and  F.  ptrsica,  Jaub.  et  Spach.  The  rolled  leaves  of 
F.  tkymifolia,  Desf.,  r,  Reuteri,  Boiss.,  and  F,  triandra,  Remy,  show  a  special 
distribution  of  the  palisade-tissue.  In  these  three  species  the  palisade-paren- 
chyma is  found  in  aU  parts  of  the  leaf  which  are  turned  towards  the  li£ht. 
In  F.  ikymifolia  and  F.  Reuieri  the  geometrically  lower  side  of  the  leaf 
exhibits  a  groove  to  the  right  and  left  respectively  of  the  projecting  midrib ; 
palisade-tissue  is  present  on  the  geometncally  upper  side  and  on  the  leaf- 
marges  which  are  curved  downwards,  as  well  as  in  the  downwardly  projectin|| 
midnb ;  in  F.  triandra,  in  which  the  leaves  are  grooved  on  the  lower  side  and 
have  their  geometricaUy  upper  side  adpressed  to  the  branch,  the  palisade- tissue 
is  wanting  on  that  side,  and  is  developed  only  on  the  geometriodly  lower  side, 
where  it  is  present  even  at  the  bottom  of  the  CTOoves.  In  the  species  with 
rcdled  leaves  the  stomata  are  mostly  foimd  omy  in  the  grooves  of  the  lower 
side  ;  sometimes,  however,  they  also  occur  on  the  upper  side  of  the  leaf,  e.g. 
in  F.  iriandra.  Their  guard-cells  are  surroimded  by  several  irregularly  placed 
epidermal  cells.  The  veins  are  embedded  in  the  tissue  of  the  leaf.  The  prin- 
cipal veins  vary  in  degree  of  development,  a  point  which  Vesque  makes  use 
of  for  specific  dia£[nosis  in  Frankenia.  Sclerenchyma  may  accompany  the 
vascular  bundles  of  the  leaf,  or  may  be  absent.  According  to  Niedenzu  the 
varied  differentiation  or  the  absence  of  the  mechanical  system  in  the  veins 
affords  a  good  character  for  distinguishing  species,  which  are.dif&cult  to  separate 
by  means  of  their  floral  morphology.  According  to  Vesque  and  Niedenzu  the 
following  plants  have  no  hard  bast  or  only  a  few  sclerenchjmia-fibres  accom- 
panying tneir  vascular  bundles :  Frankenia  bracUata,  Turcz.,  F.  corymbosa^ 
Desf.,  F.  ericifolia,  Chr.  Sm.,  F.  domeraia,  Turcz.,  F.  hispida,  DC.,  r .  laevis^ 
L.,  and  F.  pulverulenia,  L. ;  while  F.  capiUUa,  Webb  et  Berth.,  F.  Palmeri, 
Wats.,  F.  reifoluia,  Forsk.,  and  F.  ikymifolia,  Desf.,  as  well  as  NiederUinia,  have 
a  more  or  less  extensive  development  of  hard  bast.  According  to  Niedenzu 
sderenchyma-fibres  also  occur  free  in  the  mesophyll  in  F.  revoluta ;  in  F.  iriandra 
they  form  *  marginal  bast '  at  the  edge  of  the  leaf. 

Oxalate  of  lime,  which,  as  has  already  been  noted  above,  only  occurs  in  the 
form  of  clustered  crystals,  is  found  in  special  abundance  in  the  mesophyll  of 
F.  intermedia,  DC.,  F.  fruiiculosa,  DC.,  &c.;  in  other  species  it  appears  to  be 
absent. 

The  hairy  covering  consists  of  unicellular,  simple,  sometimes  tufted  hairs ; 
as  further  epidermoid  structures,  the  peculiar  glands  may  be  mentioned.  The 
simple  hairs  are  sometimes  thick-walled  and  in  that  case  are  pointed  at  the  end 
and  have  a  smooth,  finely  striate  or  punctate  surface  ;  or  they  may  be  thin- 
walled  and  are  then  blunt  at  the  end.  Sometimes  both  forms  occur  on  the  same 
leaf,  the  thick-walled  hairs  on  the  upper  side,  the  thin- walled  hairs  in  the 
grooves  of  the  leaf.  The  length  of  the  simple  hairs  also  varies ;  sometimes 
they  are  short  and  in  that  case  often  project  uke  papillae,  each  springing  from 
the  middle  of  the  outer  wall  of  an  epidermal  cell ;  sometimes,  however,  they 
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are  of  considerable  length.  The  peculiar  glands  of  the  Frankeniaceae  (Fig.  24, 
A-C)  have  been  investigated  especially  by  Vuillemin  and  Volkens  in  the  genus 
Frankenia,  But  they  are  found  also  in  the  two  other  genera,  Beatsonia  and 
NiederUinia.  These  glands,  like  those  of  the  Tamariscineae  and  Plumba- 
gineae,  do  not  project  in  the  form  of  hairs  but  lie  approximately  in  the 
plane  of  the  epidermis,  as  in  Frankenia^  or  at  the  bottom  of  a  fairly  deep 
pit  in  the  leaf,  as  in  NiederUinia.  According  to  my  investigations  on  Frank' 
enia  thymifoUa,  Desf.,  F.  pulvertdenta,  L.  and  Beatsonia  portulacifolia^  Roxb. 
(which  are  not  quite  in  agreement  with  the  statements  of  Vmlleniin  and 
Volkens),  these  glands  consist  of  a  group  of  six  (not  four)  cells,  which  have  ap> 
parently  been  derived  by  division  from  a  single  epidermal  cell.  In  the  formation 
of  the  gland,  an  epidermal  cell  first  divides  by  a  vertical  wall  into  two  daughter- 
cells  ;  each  of  the  latter  then  further  divides  into  two  cells  by  an  oblique  wall 
directed  towards  the  basal  line  of  the  common  division-wall.  Each  of  the  two 
upper  cells  divides  again  by  a  similarly  directed  oblique  wall,  so  that  a  glandular 
apparatus  consisting  of  four  secretory  gland-cells  and  a  pair  of  subsidiary  cells 
arises  (see  Fig.  24,  S-C).    In  surface-view  (Fig.  24,  A)  one  sees  only  the  two 


Pig.  J4.  Gland  ofF^mJUmt'a  puhftrmltnUt.  L. :  A,  in  rarface-^rlew ;  ■.  in  a  aectioa  cat  parallal  tothttoammom 
irertkal  wall  of  the  two  gland-cella;  c,  in  a  section  cat  perpendicolarly  to  this  vertical  watt.— OriciaaL 

uppermost  gland-cells,  which  together  resemble  a  pair  of  guard-cells,  from 
which,  however,  they  can  be  distinguished  without  difficmty.    Sometimes 

? aired  glands  are  found  in  considerable  numbers,  e.g.  in  E.  flarHmndm^  Pom. 
t  has  already  been  indicated  above,  that  the  glands  in  question  secrete  a  mixture 
of  certain  salts,  which  in  part  at  least  are  Hygroscopic,  and  which  cover  the 
vegetative  parts  of  the  plant,  and  that  by  means  of  this  covering  and  the  sab- 
sequent  absorption  of  water,  they  are  of  great  significance  for  the  existence  of 
plants  of  dry  habitats,  like  the  Frankeniaceae. 

It  should  be  added  to  what  has  been  stated  above  regarding  the  stiucluie 
of  the  wood  (Frankenia  strigosa,  Presl,  Beatsonia  portulad^ia^  Roxb.),  that  the 
vessels  are  round  and  have  small  lumina  (maximum  diameters  ozS-hos  mm.). 


Literature:  Hieronymai, Ifiedtr Uinta juniperoidis etc. fSpanish),m  Lorents  and  Niedericia,! 
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t.  xy,j883,  pp.  119-39.  pi.  Tii.— Solereder,  Holsstruktnr,  1885,  p.  75.— Volkeni,  Fl.  igypL  W 
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1.  Review  of  the  Anatomical  Features.  The  Order  is  characterized 
by  certain  very  noteworthy  anatomical  features.  In  the  first  place  we  must 
mention  the  nature  of  the  stomatal  apparatus,  the  pair  of  guard-cells  being 
surrounded  by  two  subsidiary  cells  placed  transversely  to  the  pore  (Fig.  25,  C). 
Oxalate  of  lime  is  mostly  excreted  m  the  form  of  clustered  crystals.  Ordinary 
large  solitary  crystals  have  not  been  observed ;  but,  on  the  other  hand, 
finely  divided  crystal-sand  is  found  in  Acanthophyllum.  The  hairy  covering 
consists  of  simple,  uniseriate  hairs  and  of  similarly  constituted  glandular  hairs 
with  a  unicellular  glandular  head  (Fig.  25,  A-B),  Sclerenchyma  is  almost 
always  wanting  in  the  veins  of  the  leaf ;  in  the  cortex,  on  the  other  hand, 
a  sderenchymatous  strengthening  ring  is  present  in  the  majority  of  the  genera. 
The  development  of  cork  is  mostly  internal,  rarely  superficial.  The  xylem  of 
the  woody  genera  contains  wood-prosenchyma  with  simple  pits ;  distinct  medul- 
lary rays  are  wanting.  The  wood-vessels  have  simple  perforations.  Even  in 
the  woody  species  unlic^nified  tissue  frequently  takes  part  in  the  formation  of 
the  xylem-mass.  Lastly,  the  following  features  are  sdso  worthy  of  note  :  the 
fission  of  the  xylem-mass  in  certain  species  of  AcanthophyUum^  this  being 
connected  with  tiie  development  of  inversely  orientated,  medullary  vascular 
bundles ;  the  extrafascioilar  origin  of  secondary  bundles  in  the  root  (in  part 
also  in  the  stem)  of  species  of  Spergularia  and  Polycarpaea ;  and  the  peculiar 
concentric  stratification  of  the  xylem-mass  in  the  ^)ecies  of  Acanthophyllum 
having  normal  structure,  by  means  of  narrow  rings  of  unlignified  parenchyma, 
which  includes  spiral  tracheae  with  narrow  lumina. 

2.  Structure  of  the  Leaf  *.  In  very  many  cases  the  structure  of  the  leaf 
is  centric  {SiUne  infiata^  Dianihus  Caryophyllus^  Arenaria  longifolia^  &c.),  but 
is  sometimes  bifacial  {Alsim  pinifolia).  In  leaves  with  centric  structure  the 
middle  of  the  mesophyU  is  freauendy  occupied  by  aqueous  cells,  which  surround 
the  fibro-vascular  system,  and  are  also  met  with  in  the  primary  cortex  of  the 
branch  {Polycarpaea  fragilis^  Del.).  The  epidermal  cells  have  straight  or 
undulated  lateral  waUs.  In  long  leaves  the  epidermal  cells  are  sometimes 
very  much  elongated,  and  in  that  case  not  always  in  the  direction  of  the  midrib 
(as  in  Sagina  VtUarsii,  Drypis  spinosa^  L.,  &c.),  but  sometimes  {SiUne  fruiicosa, 
L.)  in  the  transverse  direction.  PapUlose  differentiation  of  the  epidermis  has 
been  ol^erved  locally  in  Gypsophila  Kokejeka^  Del.  and  Polycarpon  suuulentum, 
Webb  et  Berth,  (in  the  latter  only  in  the  neighbourhood  of  the  leaf-margin). 
The  cuticle  is  either  smooth  or  coanely  (Drypis)  or  finely  (Gypsophila  repens^  L.) 
punctate,  or  lastly  striated  in  various  ways.  The  stomatal  apparatus 
IS  very  characteristic,  the  stoma  being  surrounded  by  two  subsidiary  cells, 
mbich  are  orientated  transversely  to  the  pore.  Sometimes,  however,  one  meets 
with  deviations  from  this  type ;  in  the  first  place,  in  those  species  in  which 
the  epidermal  cells  are  elongated.  Here  the  oreadth  of  the  epidermal  cells, 
which  are  applied  to  the  ends  of  the  guard-ceUs,  is  not,  so  to  speak,  sufficient 
to  enable  tnese  cells  to  clasp  the  guard-cells  laterally  as  well,  and  in  conse- 
quence of  this  a  third  and  fourth  epidermal  cell  border  on  the  stoma  on  the 
right  and  left  of  it  {Stellaria  Holostea^  Cerastium  hirsutum^  Ten.,  Arenaria 
kmgifolia).  A  second  deviation  from  the  general  type  and  an  approximation 
to  the  (Cruciferous  type  is  due  to  the  fact  that  the  guard-cells,  instead  of 
being  suspended  in  the  middle  of  the  U-shaped  transverse  wall,  are  shifted 
along  the  one  or  the  other  longitudinal  wall  of  the  two  subsidiary  cells  (i.e.  one 

'  Mott  important  litcnuve :  Vcsqac,  18S3,  loc.  dt. 
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of  the  walls  parallel  to  the  pore).  Thus,  besides  the  two  subsidiary  cells  proper, 
a  third  epidermal  cell  forms  paxt  of  the  circumference  of  the  guard-cells.  The 
stomata  are  found  either  on  both  sides  of  the  leaf  or  only  on  the  lower  side  ;  the 
former  case  holds  good  for  leaves  of  centric  structure,  Ae  latter  for  bifacial 
leaves.  The  smaller  veins  of  the  leaf  are,  as  a  rule,  embedded  in  the  meso- 
phyll.  Sclerenchyma  accompan}ang  the  vascular  bundles  is  only  rarely  deve- 
loped (midrib  of  Sagina  Villarsiip  laurger  veins  of  Caryophyllus  pinmarius^  &c.). 
In  Honckeneya  pepkndes,  Ehrh.  a  starch-sheath  has  been  observed  in  the  veins ; 
in  AgrosUmma  and  in  Silene  fruUcosa  collenchymatous  differentiation  of  the 
aoftl^t  is  found. 

Oxalate  of  lime  is  usually  present  (in  the  axis  as  wdl)  in  the  form  of  clustered 
crystals.  These  are  often  of  considerable  size.  In  the  pith  and  outer  cortex 
of  the  branch  of  Acanthopkyllum  mucnmatuMf  C.  A.  lley.,  I  have  met  with 


Fro.  ac.  A,  GImndakr  hair  of  Sitem  vWom.  Fonlu  &  TnuMvcrM  Mctioa  tfcroafli  ikt  oMifWMiil  put  ef  dw 
itfckjrregiMorUie«emof  Ki;fDirMPM<r«rij,Rochl.  c,  BpkSermtoof  fbelc^witkiloiBttate  Ki£m«^(^Mi^«^ 
RocU.    o,  Traatrcne  Mctioa  tkroagh  tbe  rooc  of  Ih^ffrprnm /ragiiiM^  Ddik.— OrigiiMU. 

finely  divided  crystal-sand  consisting  of  oxalate  of  lime,  which  fills  large  tracts  of 
the  tissues  named  and  often  envelops  clustered  crystals.  In  connexion  with 
this,  the  occurrence  of  round  or  an^ar  crystalloids  in  the  chlorofdasts  of  the 
mesophyll  of  Lychnis  Viscaria  may  be  mentioned  (Zimmermann). 

The  hairy  covering  consists  of  uniseriate  clothmg  hairs  and  glandular  hairs. 
The  clothing  hairs  have  a  thin  {Malachium  aauoHcum)  or  a  fairly  thick  {StetUris 
media^  L.)  wall,  the  surface  of  which  may  oe  smooth,  granulated,  or  striate. 
The  form  of  these  hairs  is  cylindrical  or  conical,  and  their  ends  are  pointed  or 
rarely  blunt.  The  individual  cells  of  the  hair  are  usually  of  equal  lenrtb  ; 
Agrosiemma^  however,  has  hairs  with  short  basal  cells  and  one  or  several  kmg 
end-cells.  The  uniseriate  trichomes  in  question  cause  the  roughnesses  on  tbe 
midrib  and  the  leaf-margin  of  some  members  of  the  Order  (2)ecies  of  AremtrU^ 
CerasHum^  Stettaria).    In  GypsopkUa  acuHfoUa^  Fisch^  and  DumAm  pfuimsus. 
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Janka,  the  clothing  hairs  are  reduced  to  short  unicellular  papillae.  As  has 
already  been  stated,  the  glandular  hairs  are  likewise  uniseriate,  and  possess 
a  glandular  terminal  cell.  They  have  hitherto  been  little  investigated.  Gyp- 
sopkila  ptrfoliaia^  L.»  and  Silene  vUlosa,  Forsk.  (Fig.  25,  A),  have  glandtdar 
hairs  with  a  lon^^  uniseriate  stalk  and  a  spherical  terminal  cell.  Shorter  glan- 
dular hairs,  which  have  only  one  stalk-cell,  project  onlv  slightly  above  the 
surface  of  the  epidermis,  and  are  associated  in  ^oups,  form  the  well-known 
glandular  xones  of  the  stem  in  Lychnis  Viscaria  (Fig.  25,  B).  In  other  Sileneae» 
e.  g.  SiUne  nemoralis^  the  glandular  zones  of  the  stem,  according  to  Un^er,  are 
not  formed  by  glandular  hairs  but  by  special  epidermal  cells,  characten^d  by 
fcranular  contents  and  sometimes  strongly  arched  outwards.  Lastly,  in  the 
Caryophylleae  secretion  frequently  also  occurs  in  the  leaf-teeth  of  young  leaves, 
e^.  in  Lychnis  violacca^  according  to  Reinke.  In  the  example  named  the  leaf- 
tooth  contains  a  group  of  small-celled  and  pale-coloured  parenchyma,  together 
with  the  termination  of  a  vein,  and  above  this,  on  tne  upper  side  of  the 
tcx>th,  we  find  a  number  of  stomata. 

3.  Structure  of  the  Stem  *.  In  the  structure  of  the  stem,  the  presence 
of  a  strengthening  ring  in  the  cortex  is  especially  characteristic  for  the  majority 
of  the  genera  as  shown  by  the  concordant  investigations  of  Vuillemin, 
K.  Christ,  and  Petersen. 

This  ring,  when  most  completely  dififercntiated,  consists  of  much-elongated 
sderenchynia  in  the  outer,  and  of  sclerotic  parenchyma  in  the  inner  zone.  This 
<lii!erentiation,  according  to  Christ,  occurs  in  the  strengthening  ring  in  almost  all 
the  Sileneae  investigated  by  him  (species  of  the  ecnera  Lychnis,  AgrosUmma^  SHens^ 
CmcubmluSt  Dianthus,  Gypsophila,  Saponaria,  Velezia)  and  in  one  ^roup  of  the 
Alsneae  (species  of  the  genera  Holosteum,  Cerastium,  Moenchia,  Moehringia^  Alsins^ 
ArgnMha^  Spgrguia,  Lepigonum,  Minnartia,  Buffonia),  In  a  second  KTOup  of  the 
AJsineae,  two  representatives  of  the  tribe  Polycarpeae,  and  some  few  Sileneae,  the 
inner  acterotic  parenchyma  of  the  strengthcmng  nng  is  not  developed ;  the  latter 
is  then  onlv  represented  by  a  cylinder  of  tissue  resembling  hard  oast  (species  of 
Sm^na.  Poiyco^pon^  Ortefia^  Silene ;  e.^.  5.  valiesiaca,  5.  pendula,  and  5.  Saxifraga ; 
Lychnis.  e.g.  L.  pyrenatca ;  also  species  of  Polycarpon,  and  Polycarpaea,  accord- 
ing to  Vdkens).  Lastly,  in  a  third  group  of  the  Alsineae,  in  Drymaria^  belonging 
to  the  tribe  Polycarpeae,  and  in  some  few  Sileneae,  to  make  use  of  Christ's  words 
in  order  to  avoid  any  false  interpretation  on  my  part,  the  primary  prosenchymatous 
tone  of  the  sderenchyma-ring  (the  entire  inner  portion  having  disappeared)  is,  as 
it  were,  shifted  outwards  up  to  the  epidermis,  leaving  behind  only  a  scanty  rudi- 
ment of  the  strengthening  ring  close  to  the  soft  bast,  while  at  the  same  time  the 
coDenchymatoos  and  the  chlorophyll-containing  cortical  tissue  become  whoUy  or 
partiaUy  Hgnified  (species  of  Moehrinpa,  Malachium,  Stellaria.  Lepyrodidis^  Vry- 
■Mn'tf,  Arenaria^  ChsfUria,  SiUne  sedoides,  and  5.  acaulis) ;  according  to  Brick  and 
Petersen,  Honchenya  peploides  and  Drypis  spinosa  also  belong  to  this  type. 

With  regard  to  the  periderm  one  gathers  from  the  researches  of  Douliot, 
that  in  most  cases  the  phellogen  appears  on  the  inner  side  of  the  scleren- 
chjrmatous  sheath,  or  in  a  corresponding  position  when  the  latter  is  wanting ; 
e^.  in  Dianthus^  SiUne,  Lychnis,  Saponaria^  Cerastium,  Sagina^  SUUaria^ 
and  Honchenya ;  in  the  species  of  Spergularia,  on  the  other  hand,  the  periderm 
arises  in  the  outermost  cell-layer  of  the  primary  cortex. 

Only  a  few  researches  on  the  structure  of  the  wood  of  the  woody  genera 
have  been  published.  The  lack  of  distinct  medullary  rays  is  especially  note- 
worthy, as  Oliver  and  Renault  have  duly  emphasized.  Besides  the  vessels, 
which  have  simple  perforations,  and  the  wood-prosenchyma  with  simple  pits, 
thin-waUed,  unlignined  tissue  (not  phloem)  frequently  also  takes  part  in  the 
formatimi  of  the  xylem-mass. 

The  thin-walled  tissue  isabsent  in  the  wood  of  Dianthustrifasciculaius{R6gnaLuit). 
In  Artnmnm  ngida^  according  to  the  same  author,  this  tissue  forms  the  groundwork 

'  MoH  impoiUDt  literature  :  Christ,  1887,  loc  cit. 
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qtf  t^  lyknu  a  winch  ^nmdm  and  cogp«  oi  pwuMAi  bm^  «k  twhrifclrf.  In  thft 
t«o  speoei  zavesbgated  by  me  {Alamg  Sckimfmn^  Hnriwt  aad  Bmfimmm  ^mgrvts, 
FrK^  «  on  ti:e  ether  hand,  the  ptiMtachvan.  iocBS  tibr  ^ooDd-maa^  and  includes 
■Bjtczaed  tBBoe  m  coocectnc  xones  as  vdl  aa  ' 


Lastly,  the  feir  cases  of  jijomiIiw  itnKtare  o<  tiie  f^am  and  root 
iocEzxl  m  tht  Order  most  be  dwiii^wii :  tu.  tbe  fasiaa  o<  tiie  zjkniHnass  in 
tbe  stem  in  species  of  .'Ictffrf&o^Ayfiim,  and  the  appearance  o<  ymriufe  rings 
of  bandies  in  the  root  and  stem  of  Sf€F^tdMnA  and  species  of  Poij€wpmm. 


OInrv  first  obaexved  fisooo  of  the  zykm-aias  in  AeamAofkyOmm  sqmm- 
»oi— 1^  C  A.  Mey^  and  foand  amilar  phenomena  in  other  ipriri  I  alK>  have  met 
with  a  spit  zylein-maaa  of  this  kind  in  A.  sqmmnmmm^  BdaK.  The  yoog  asses  of 
dns  species  are  normal  in  stiactnie,  and  pomess  a  normal  hng  of  Tasniar  handles. 
Sooner  or  later,  heywe^rer  (even  in  branches  2  ma.  in  (hameterk  spitting  of  the  ring 
takes  pface,  e^  by  means  of  lour  radial  bands  of  paienchvmafeoas  tissne ;  opposite 
the  foox  arcs  of  wood  and  bast  thos  pcoduced  (whKh  grow  in  thii'fciwsB  in  a  normal 
"*^*»*»**'  by  means  of  coc  responding  arcs  of  cambnmK  ionr  arcs  of  mmsteni  then 
■iirilly  arve  in  the  pith,  forming  mr  mednDarT  hmidirs,  with  their  xylem-aoaps 
directed  ovtwards  and  their  phkym-giuups  mrected  mwards  '•  These  likewise 
growm  thyknifiis  by  means  of  a  strip  of  camlnm  sitaated  httwccn  their  zylem 
and  phloem-portioos.  The  strips  of  camfaiiim  hrfcmging  to  tibe  mrdaihwy  vaaciilar 
bantflfs  finally  become  united  at  their  mi^Tpas  with  the  caahiam-arcs  of  tiie  four 
bondlcs  of  wood  and  bast  derived  by  sphttxnc  froa  the  pensheial  handfe-Tinc. 
so  that  pracucaHy  foor  cybnders  of  wood  and  bast  arisen     Tne  anoaaly  whiai 


occnrs  in  AcmmikafkjUum  squMrrotum  has  also  been  described  by  Daageard,  with 
a  few  slight  modificataoos,  in  A.  spimoswm^  C  A.  Mey«,  A.  ftraffahi,  Boiss., 


and 
A.  FomUnuni,  Bom.  According  to  Dangeard,  a  transverse  sectka  of  tiie  older 
axis  of  A,  sptmoiwm  thows  stiH  further  compbcatians*  the  aaoaahr  being  repeated, 
so  that  a  transverse  section  of  the  branch  finally  czh&ats  a  stdl  larger  annter 
of  rings  and  bondks  of  wood  and  bast.  In  the  specaa  of  .'fcsnlAoi^dbylhai  which 
have  a  spht  xriem-mass,  the  xylem  consists,  apart  froa  the  trachesdes*  of  nnlignified 
tisBae  only,  ^broos  ceDi  being  absent.  Some  other  sprrirs  of  A emmihepkyiimm  do 
not  possess  the  anomaly,  bat  are  normal  in  suuctnie.  In  these  the  zrlem  is  chiefly 
composed  of  tracheae  and  wood-prooenchyma.  These  species  of  Acmmtkopkytium 
with  normal  structure  (of  which  I  am  acquainted  widi  A.  mtmcwommham,  C  A.  Mey. 
by  personal  investigation,  and  among  which  A.  cwmssifniium.  BoisB^  and  A.  wtnUolar. 
Fisch.  et  Mey.  most  be  reckoned,  according  to  Dangeard>,  however,  have  a  pecnliar 
stmctnral  featnre  in  the  xylem-rine,  the  same  as  h^  already  been  describea  for  the 
Crndferoos  plant,  VelU  spimosM^  Boiss^  A  transverse  sectka  of  the  stem  of  A. 
mntcronshtm  shows  a  stiuctiire  which  one  might  take  lor  snooesaive  rings  of  growth 
on  examination  with  the  naked  eye  or  with  a  kns^  And,  in  fact,  rather  broad  rings  of 
woody  tissue  with  vessels  and  wood-fibres  and  without  medaDary  rays  altemate 
with  narrow  rings  of  thin-waHed  tissne.  The  latter,  however,  do  not  ooosat  of 
phloem,  but  of  nnlignifyd  parenchyma,  in  which  are  embedded  nnmcroos  ^aral 
tracheae  for  the  most  part  with  very  small  lamina,  and  pco^ided  with  more  than 
a  single  spiral  band.  These  spiral  tracheae,  moreover,  aho  occnr  in  tiie  species 
witboat  wood'fibres  bat  with  anomaloas  stiuctare,  e.g.  in  A,  r^MSfPffliMia,  hot  are 
here  irxegolarly  placed  among  the  pitted  vesseb ;  they  thus  appear  to  be  in  general 
characteristic  ot  the  genas.  Among  the  ^ht  modifications^  which  Danceard 
observed  in  the  species  with  normal  structure  investigated  by  him,  it  need  ouy  be 
mentioned,  that  the  outer  rings  of  wood  are  traversed  by  broad  parenchymatous 
rays  in  A.  crassifoiium^ 

Secondary  rings  of  growth  have  been  observed  by  Mocot  in  the  root  of  l^pt- 
ganum  tmartnum^  by  Petersen  in  the  root  of  LMpipmmm  smHmaam^  by  H.  Srhfnck  in 
the  root  and  stem  of  SpttpdawiA  medi^  Presl,  and  recently  by  me  in  the  root  of 
Poiycawfxua  fronts,  DeL  (Fig.  25,  D).  and  P.  coryinftosa.  Lam.  They  arise  extra- 
fascicuLuiy. 

Lftentve :  Oliver,  Stract.  of  the  itcB  to  cert.  ipcc.  of  tbe  mat.  otd.  CaryvpkyllaM  etc^  TchmcL 
Una.  Soc,  toI.  uii,  4,  1859,  pp.  189-^  aad  PL  1,  h.~IUfiiamh,  Ami.  k.  aat..  t^  4,  t.  idw,  i860. 


'  Sot UuK  I  (in  tbe  mme  ipecio)  that  iccdalUiy  bailli  1  are  ahtedy  ptmat  bdbte  tbe  occaiicaoe 
of  the  iphniBg. 
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Kii^j6,  pL  Yi«  TiL — Delbroack,  PflanzensUch.,  Hanntciii,  Bot  Abh.,  Bd.  ti,  1875,  PP*  '^>  >5^— * 
Buy,  VergL  AziaL,  iSyy.—Areichoiig,  BUdets  aoat.,  Minnestkr.,  I^ind,  iSytt,  p.  73  et  leq. — 
Vcfone,  Hist.  Syst,  Ann.  sc  naL,  ler.  6,  t.  xr,  1883,  p.  130  et  teq.  and  pL  tu. — Heinriener,  Pringslieim 
JahrL,  Bd.  zr.  1884,  pp.  537-40.— Vnillemin,  Pericyde  des  C,  BolL  Soc«  bot  de  France  1885, 
pp.  J75-8a. — Morot,  Pericyde,  Ann.  ic  nat,  i^r.  6,  t  zz,  1885,  p.  340. — Solereder,  Holatr.,  1885, 
dl  147. — Christ,  Vergl.  Anat  des  Lanbst.  der  C  nnd  Sazifrageen,  Diss.,  Marburg,  1887,  83  pp.  and 
Tah.~Lohrer,  Wnneln,  Wigand,  Bot.  Hefte,  ii,  1887,  pp.  25,  a6.~Volkens,  Aegypt-arab.  Wiiste» 
1887,  pp.  lOJ,  103,  105,  Tal  ii,  iii,  z  and  zy.~  Bride,  Sdiriit  Danziger  natnrl  Gesellsdi.  1888, 
separate  copy^j».  30>a. — Petersen,  Moment,  til  CaryophylL  anatomi,  Botanik  Tidsskrift,  Bd.  16, 1888, 
pp.  i87>Joa,Tab.  3,  Frendi  risuwU^  p.  8. — Dangeard,  Redi.  de  morph.  et  d*anat  T^get,  Le  Botaniste 
1889.  pp.  194-905  and  pi.  iz. — Donliot,  P^derme,  Ann.  sc.  nat.,  ser.  7.  t  z,  1889,  p.  347.— Paz,  in 
NatiirL  Pflanaen£un.,  iii  Teil,  AbC.  i  b,  1889,  p.  6a. — Warming,  Vidensk.  MeddeL  natorh.  For.  i  Copen- 
hagca,  1890,  p.  aa3. — Strasborger,  Ban  n.  Verr.,  1891,  p.  337. — Zimmennann,  Pflanzenzelle,  a.  Heft, 
1891,  p.  i(0. — Warming,  MeddeL  naturh.  Forening  i  Copenhagen,  1891,  p.  161. — Macfirlane,  Minnte 
stnKt.  of  hybrids.  Transact.  Roy.  Soc  of  Edinburgh  189a,  p.  aao  et  seq.  and  pL  ir. — Herbst, 
Markstrahlen,  Bot  Ctetralbl.  1894,  i,  p.  a97.— Rnssell,  Ann.  sc  nat,  s^r.  8,  t  i,  1895,  p.  331.^ 
Grerillias,  Englcr.  Bot  Jahrb.,  Bd.  zziii,  1896,  p.  95.~Warming,  lialofyt  Stnd.,  K.  Danske  Vid. 
Sebk.  Skr.  1897,  pp.  189,  19a,  197  and  ao7. 


PORTULACEAE. 

As  characteristic  features  of  the  Order  from  the  anatomical  stand-point, 
stress  must  be  laid  on :  the  simple  perforations  of  the  vessels ;  the  smiple 
pitting  of  the  wood-prosenchyma ;  the  frequent  occurrence  in  the  stomatal 
apparatus  of  two  subsidiary  cells  placed  parallel  to  the  pore  (Fig.  26,  B) ;  the 
equally  freouent  occurrence  of  mucilage-cells  in  the  parenchyma  of  leaf  and 
stem.  Oxalate  of  lime  is  excreted  in  the  form  of  clustered  crystals,  of  solitary 
crystals,  and  also  {Calandrinia)  of  a  particular  kind  of  sand,  formed  of  small 
acicular  crystals.  The  hairy  covering  consists  of  simple  unicellular  hairs,  mul- 
tiseriate  shaggy  hairs  (species  of  Calandrinia^  Fig.  26,  C,  and  Partulaca),  and  of 
uniseriate  glandular  hairs  {Calandrinia^  Fig.  26,  Z>). 

The  anatomical  features  of  the  Order  have  recently  been  thoroughly 
investigated  by  Becker,  the  investigation  extending  to  twelve  *  of  the  eighteen 
genera.  The  following  statements  are  derived  from  this  source  and  from  the 
remaining  literature  cited  below. 

The  succulent  leaves  have  a  thick  and  fleshy  mesophyll,  which  varies 
greatly  in  its  structure.  In  many  cases  palisade  and  spongy  tissue  can  be 
distinguished.  In  other  cases  the  mesophyll  is  differentiated  into  green  assimi- 
Utory  cells  and  cells  with  large  lumina  which  are  almost  free  from  chlorophyll 
and  serve  for  storage  of  water.  These  two  forms  of  cells  either  occur  mter- 
mingled,  or  are  locaJuxed  in  separate  zones.  In  the  mesophyll  of  Portulaca  hir* 
sw/issf  ma,  Camb.,  and  likewise  in  the  primary  cortex  of  Portulacaria  afra^  Jacq., 
the  green  cells  form  a  network  between  the  large,  colourless  cells.  In  Portulaca 
tuberosa,  Roxb.,  on  the  other  hand,  the  green  parenchyma  is  found  on  both 
sides  adjacent  to  the  epidermal  layer,  while  the  middle  of  the  leaf  is  occupied 
by  colourless  large-celled  parenchyma.  Lastly,  in  Portulaca  oleraua^  L. 
(Fig.  26,  i4),  the  whole  mesophyll  consists  almost  solely  of  aqueous  tissue; 
the  vascular  bundles  only  are  surrounded  by  a  sheath  of  green  palisade-paren- 
chyma. Under  certain  circimistances  the  localization  of  aqueous  cells  amongst 
the  green  leaf-tissue  may  in  the  dry  leaf  lead  to  the  appearance  of  transparent 
regions,  as  described  by  Blenk  in  certain  species  of  Portulaca.  The  stomata 
alwa>'s  occur  on  both  surfaces  of  the  leaf.  In  most  cases  (species  of  all  the 
genera  investigated  by  Becker  excluding  Calandrinia  and  Montia)  the  stomata  * 


'  Namely  :  Ftrtulmea^  P^riulaearia,  Anaeampseros,  ra/immm,  Calamdrimia,  Claytmia^  Spraguea^ 
At0m0C0smuk^  M^miUL^  Iftetortlla,  Calyptridium^  Lrwisia, 

*  The  btomatal  apparatns  in  this  case  arises  only  in  some  cases,  e.  g.  in  Ptrtulata,  according 
to  the   Kubiaccons  type.     In  CImyimia  perfoliata  the  sabaidiary  ceUs  do  not  proceed  from  thiiB 


iia 
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are  accompanied  on  both  sides  by  a  subsidiary  cell  placed  parallel  to  the  pore 
(Fi^.  26,  d).  In  Calandfinia  the  stoma  is  surrounded  by  four  subsidiary  cells, 
as  in  Tradescantia ;  in  Montia  true  subsidiary  cells  are  absent.  The  veins, 
as  far  as  is  known,  are  embedded  in  the  mesophyll  and  are  without  scleren- 
ch3pia.  Oxalate  of  lime  occurs  in  three  forms,  as  clustered  aystals,  as 
solitary  crystals  (which,  according  to  Becker,  belong  to  the  tetragonal  sys- 
tem), and  as  crystal-sand.  In  the  leaf,  Becker  observed  clusterwl  crys^ 
alone  in  Calyptridiutn,  Lewisia,  Monocosmia,  Partulaca,  PorUdacaria^  and 
Talinum,  clustered  cr3^tals  and  solitary  crystals  in  Anacampstros  and 
Spra^uea,  and  a  peculiar  crystal-sand,  consisting,  according  to  my  own  inves- 
tigation, of  sm^  needles  and  small  prismatic  crystals,  m  Calandrinia.  At 
the  same  time  it  may  be  added,  that  in  the  stem  oxalate  of  lime  is  met  with 
in  the  form  of  clustered  crystals.      ClayUmia  and  Moniia  have  no  deposits 

of  oxalate  of  lime  either  in  leaf  or  stem. 
Of  internal  secretory  elements,  mud- 
lage-cells  alone  occur  in  the  Carder. 
These  take  part  in  the  storage  of  water, 
and,  among  the  genera  investigated  by 
Becker,  are  wanting  only  in  Moniia  and 
ClayUmia.  They  are  met  with  in  the 
leaf-tissue  as  weU  as  in  the  ground-tissue 
of  the  stem,  and  are  sometimes  (Ana- 
campseros  and  Partulacaria)  of  consider- 
able size.  The  contents  oft  the  mucilage- 
cells  in  question  are  membrane-mucilage, 
according  to  Walliczek;  further  detaikd 
investigations  regarding  this  point  zi% 
however,  desirable.  In  view  of  such  in- 
vestigations it  may  be  remarked  that,  ac- 
cording to  Becker,  the  mucilage-cells  arise 
very  early.  A  hairy  covering  is  not 
common  m  the  Order.  It  consists  (when 
present)  (a)  of  simple,  unicellular,  thin- 
walled  hairs,  rounded  at  the  apex,  and 
with  smooth  or  granular  surface  (species 
of  Calandrinia  and  PortulacaU  {b)  of 
multiseriate  shaggy  hairs,  the  sup^cial 
cells  of  which  (dongated  in  the  directkn 
of  the  length  of  the  hair)  may  or  may 
not  project  as  papillae  {Calandrinia  tim- 
bellata.  Fig.  26,  C,  C.  pilosiuscula^  and  Portulaca  pilosa)^  and  (c)  of  uniseriate 
short-celled  glandular  hairs  {Calandrinia  umheUata^  Fig.  26,  D).  In  connexioD 
with  these  hair-structures  we  may  mention  the  bladder-like  protrusions  of 
single  epidermal  cells  occurring  on  the  stem  and  leaf  in  Talinum  and  Spraguea, 
forming  a  transition  to  the  hau^,  and  apparently  serving  for  water-storage. 

Regarding  the  xylem-mass,  what  has  already  been  said  above  sho^d  be 
repeated,  namely,  that  the  vessels  have  simple  perforations  and  that  the  wood- 
fibres,  when  they  occur,  are  always  simply-pitted.  Becker,  extending  the  state- 
ments in  my  *  Holzstruktur,'  has  also  met  with  these  two  features  in  the 
comprehensive  material  investigated  by  him.  The  differentiation  of  the 
vascular  system  in  the  stem  varies  greatly  in  its  more  special  details. 


Fio.  a6.  A,  TmtMwnt.  tection  of  the  leaf  of  /brttt' 
iac»  cUracta.  B,  Stomaul  apparmtus  of  FartttUca 
oltraua.  c,  Sha£|nr  hair,  and  D.  Glandular  hair  of 
CmUudrinia  umlSiUta,^SSXxx  Ve«)ae. 


original  mother^cell  of  the  pair  of  guard-cells,  but  from  odlt  ^i^^fhSeug  it  (Stftabnfcr, 
Jahrb.,  Bd.  t,  1866-7,  p.  316  and  Tat  zl). 
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In  Partuhcana  afra^  Jacq**  the  vascular  bundles  are  separated  from  one  another 
by  broad  unlignified  medollary  rays;  the  xylem  of  the  lormer  consists  of  wood- 
pfotenchvma  with  simple  pits  and  of  tangential  bands  of  unUgnified  thin-waUed 
cells,  including  pitted  vessels,  which  have  deUcate  spiral  or  reticulate  thickenings. 
According  to  Kegnault,  a  plant  described  as  Talinum  speciosum,  and  also  T,  fruit- 
cosum^  have  stmwu*  features.  In  both  of  these  plants  isolated  bundles  of  bast-fibres 
are  present  in  the  pericycle.  Most  of  the  investigated  species  of  PortuJaca,  e.g. 
P.  grandiflora^  exhibit  an  essentially  different  type.  In  these  plants  the  xylem,  apart 
from  the  primary  sroups  of  vessels  which  project  into  the  pith,  consists  of  a  prosen- 
chymatous  strengthening  ring,  which  contains  but  few  vessels  and  no  medullary 
rays.  In  still  other  Portulaceae  this  ring  of  wood  is  wanting  ;  the  vascular  bundles 
remain  isolated  ;  as  a  substitute  for  the  intracambial  strengthening  ring,  an  extracam- 
bial  lone  occurs  in  the  pericycle  of  these  species  in  the  form  of  a  ring  of  bast-fibres. 
To  this  type,  according  to  Becker,  belong  species  of  Calandrinia,  Calyptridium,  Lewisia 
(flower-stalk),  Monocosmia,  Spraguea,  and  Talinum.  Lastly,  in  Anacampseros^ 
CiayUmia^  and  Montia,  the  vascular  bundles  Ukewise  remain  isolated ;  in  these, 
however,  neither  the  intracambial  nor  the  extracambial  strengthening  ring  is  present. 

Special  mention  should  also  be  made  of  the  occurrence  of  numerous  short 
spindle-shaped,  spiral  tracheides  in  the  pith  of  the  species  of  Anacampseros  {A,  arach- 
maidest  and  A.  fUamentosa)  investigated  by  Becker. 

Litcrmtiire :  R^gnmnlt,  Anat.  de  qo.  tiges  des  Cydotpermeet,  Ann.  sc.  nat.,  s^r.  4,  t.  xiv,  i860, 
pp.  106-1  a  and  pi.  tL— Vesqne,  Hist.  syst.  de  U  fenille  des  Caryophyllinees,  Ann.  sc  nat,  s^r.  6, 
t.  XT,  1883,  Dp.  134-6  and  pi.  vii. — Blenk,  Flora  1884,  p.  no,  separate  copy,  p.  24.— Solereder, 
HoXmx^  1885,  pp.  73,  74.---Chnflt,  Ver^l.  Anat.  Lanbst.  d.  Caryophyllinen  etc.,  Diss.,  Marburg, 
1887,  pp.  68-71.— Lohrer,  Wigand.  Bot  Hefte,  ii,  1887,  pp.  27,  28.— Paz,  in  NatOrl.  Pflanzenfam., 
m.  Teil,  AbC  1  b,  1889,  p.  52.— Beoecke,  Nebens.  d.  Spaltoftn.,  Bot.  Zeit.  1892,  p.  577  et  seq.«> 
[Rogger.  Stud,  anat  sulla  PortuUua  oliracta^  Treviso,  i892.]~\Valliczek,  Membranschleime,  Prings- 
kim  Jahrb.,  Bd.  ur.  1893,  p.  2i3.->Becker,  Vergl.  Anat.  d.  P.,  Diss.,  Erlangcn,  1895,  38  pp.  and 
1  Tab.— Schobeit,  Parencbymscheiden,  Bot  Centralbl.  1897,  iii,  p.  343.— Wannbg,  HaIof>t  Stad., 
K.  Daoske  Vid.  Selsk.  Skr.  1897,  p.  223. 


TAMARISCINEAE. 

1.  Review  of  the  Anatomical  Features.  Almost  all  the  Tamariscineae 
have  small,  often  scale-like  leaves,  and  in  correspondence  with  this  exhibit  (with 
the  exception  of  Fouquiera)  centric  leaf-structure.  Stomata  almost  always  occur 
on  both  surfaces  of  the  leaf.  The  ^ard-cells  are  not  accompanied  by  any 
special  subsidiary  cells.  It  is  a  striking  feature  in  the  species  of  Tamarix, 
ifyricaria,  Holoiachfu,  and  Reaumuria^  that  the  pores  of  the  stomata  on  the 
leaves  are  placed  transversely  to  the  course  of  the  veins.  The  hairy  covering 
consists  of  simple  unicellular  hairs;  together  with  these  there  occur  extemsJ 
glands  of  characteristic  structure  identical  with  those  of  the  allied  Frankeniaceae 
(cf.  Fifi[.  24).  These  glands  are  not  hair-like  ;  they  consist  of  a  four-celled 
glandular  group  and  of  two  subsidiary  cells,  and  have  been  observed  in  all  the 
genera  except  touquiera.  Oxalate  of  lime  is  deposited  in  the  form  of  clustered 
and  solitary  crystals  or  is  al)sent.  The  vessels  of  the  wood  have,  for  the 
most  |)art,  simple  perforations.  The  development  of  the  cork  is  superficial 
{Tamarix)  or  internal  (Reaumuria), 

The  following  features  can  be  made  use  of  for  specific  and  generic  diagnosis 
res|)ectively  :  for  the  former,  the  papillose  nature  of  the  epidermis  (species  of 
Reaumuria  and  Tamarix),  the  occurrence  of  sclerenchyma  in  the  veins,  of 
sclerenchyma-fibres  {Reaumuria  oxiana^  Boiss.)  and  storage- tracheides  (species 
of  Tamarix  and  Reaumuria)  in  the  mesophyll ;  for  generic  diagnosis,  the 
presence  or  al>sence  (Reaumuria)  of  medullary  rays,  the  nature  of  the  pitting 
of  the  wood-prosenchyma  (bordered  pits  in  Fouquiera^  simple  pits  in  Reaumuria 
and  Tamarix)^  the  size  of  the  bordered  pits  on  the  walls  of  the  vessels,  the 
septation  of  the  pith  without  sclerosis  (Fouquiera). 
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2.  Structure  of  the  Leaf  ^  In  most  of  the  genera,  namely,  those  which 
have  small  scale-like  leaves,  the  mesophyll  is  centric  in  structure  {Tamarix^ 
Myricaria,  Hololachne,  and  Reaumuria),  An  exception  to  this  is  afforded  bv 
Fouquiera  only,  which  has  fiat  broad  leaves  and  normal  bifacial  structure,  as  well 
as  by  those  species  of  Tamarix  with  an  abortive  lamina,  e.^.  Tamarix  articulala, 
Vahl  and  T,  dioica^  Roxb.,  in  which  palisade-parenchyma  is  developed  only  on 
the  (lower)  side  of  the  leaf-sheath,  which  is  turned  towards  the  light.  The 
epidermal  cells  on  both  surfaces  of  the  leaves  have  straight  lateral  walls. 
In  Tamarix  gaUica,  L.  and  T.  deserti^  Boiss.  the  epidermal  cells  on  the  upper 
side  of  the  leaf  are  produced  into  more  or  less  elongated  papillae  ;  in 
Reaumuria  hirtella,  Jaub.  et  Spach,  the  epidermal  cells  on  both  sides  of  the  leaf 
are  bulged  outwards  at  the  middle  into  Imob-like  papillae  ;  lastly,  in  Myricaria 
germanica  the  outer  walls  of  the  epidermal  cells  of  Doth  sides  are  arched  out- 
wards, almost  forming  papillae  on  the  lower  side.  The  cuticle  varies  in  thickness, 
and  is  smooth,  striate,  or  punctate ;  sometimes  wax  is  deposited  on  it  {Reaumuria 
Mrtella,  Jaub.  et  Spach).  In  all  the  members  of  the  Order,  with  the  exception 
of  Myricaria  germanica  and  the  species  of  Tamarix  with  an  abortive  lamina, 
stomata  are  present  on  both  sides  of  the  leaf,  although  in  Fouquiera  they  are 
less  numerous  on  the  upper  side.  The  pair  of  guard-cells  b  as  a  rule  sur- 
rounded by  several  epidermal  cells,  of  which  two  are  sometimes  (Myricaria 
germanica)  placed  parallel  to  the  pore.  It  is  a  very  noteworthy  fact  that  the 
pore  of  the  stoma  is  frequently  placed  at  right  angles  to  the  course  of  the  vein 
(in  Tamarix,  Myricaria,  Hololachne,  Reaumuria,  but  not  in  Fouquiera) ;  an 
analogous  arrangement  of  the  stomata  also  occurs  in  the  branch  (Tamarix 
according  to  Volkens).  In  the  genus  Reaumuria,  however,  in  which  the  guard- 
cells  are  always  strongly  depressed  below  the  level  of  the  surface  of  the  leaf,  the 
direction  of  the  pore  is  sometimes  irregular.  The  veins  are  alwaj^  embedded 
in  the  mesophyll,  the  middle  region  of  which  is  sometimes  differentiated  as 
aqueous  tissue  (Reaumuria  hirtella),  Sclerenchyma  accompanying  the  vascular 
bundles  is  as  a  rule  absent,  but  is  sometimes  developed  as  rather  stout  strands 
in  some  species  of  Tamarix,  e.g.  T.  octandra,  Bunge.  The  aqueous  tissue 
occupying  the  middle  of  the  leaf  of  Hololachne  songarica,  Ehrenb.,  becomes 
sclerotic  m  the  peripherally  situated  parts.  Reaumuria  (Eickwaldia)  oxiana, 
Boiss.  possesses  irregularly  branched  sclerenchyma-fibres,  which  run  free  in  the 
mesophyll.  Lastly,  storage-tracheides  occur  in  the  leaf-tissue  in  certain  species 
of  Tamarix  and  Reaumuria  (in  T.  articulata,  Vahl  and  T.  mannifera,  Bunge ; 
further,  in  R,  hypericoides,  Willd.  var.  laiifolia,  Trautv.,  R,  kyrcanica^  Jaub.  et 
Sp.,  R.  mucronata,  Jaub.  et  Sp.,  R,  oxiana,  Boiss.,  R,  squarrosa,  Jaub.  et  Sp., 
R.  stenophylla,  Jaub.  et  Sp.,  where  they  are  restricted  to  the  middle  zone  of  the 
leaf ;  lastly,  in  /?.  persica,  Boiss.  and  R.  filifolia,  Jaub.  et  Spach,  scattered 
through  the  entire  mesophyll).  These  storage-tracheides  apparently  also  have 
a  mechanical  function,  for  they  frequently  grow  to  an  extraordinary  extent  and 
project  between  the  palisade-cells  up  to  the  epidermis  of  the  leaf. 

Oxalate  of  lime  is  present  in  the  form  of  clustered  or  rarely  of  solitary 
crystals  (Tamarix,  Reaumuria),  In  Hololachne,  Myricaria,  and  Fouquiera 
crystals  have  not  been  observed.  True  internal  glands  are  absent ;  gelatinixi* 
tion  of  the  epidermis  has  likewise  not  been  observed  in  this  Order. 
According  to  Volkens  the  abundance  of  tannin  in  the  palisade-tissoe  is  note- 
worthy. 

With  regard  to  the  hairy  covering,  simple,  unicellular  hairs  with  thick 


^  Principally  according  to  Vesque,  Ann.  so.  nat,  1885,  loc  cit  Nnmeroof  tpedfM  of  all  tbe 
genera  ( Tamarix,  Afyricaria,  Hololachnt^  K€aumuria  and  Fouquura)  were  invertiipUed  b^  Veaqie. 
The  work  contains  synopses  of  the  anatomical  stmctnre  of  the  iM  in  the  different  fpeckt  faiTkmirix 
and  Reaumuria, 
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walls  and  narrow  lamina  are  found  in  species  of  Reaumuria  and  in  Myricaria 

fermanica ;  Fouquiera  also  has  simple  unicellular  hairs  with  blunt  apices. 
foreover»  external  glands  of  extremely  characteristic  structure  occur  m  all 
species  hitherto  investigated  of  Tamarix,  Myricaria,  Hololachne,  and  Reaumuria^ 
but  not  in  Fouquiera,  According  to  Volkens'  description  in  Reaumuria  hirteUa^ 
Jaub.  et  Spach»  they  consist  of  a  spherical  structure,  which  does  not  project  as 
a  hair,  and  is  divided  by  a  wall  perpendicular  and  by  one  approximately 
parallel  to  the  extemal^  surface  of  the  leaf  into  four  thin-walled  cells  of  about 
equal  size,  and  having  a  secretory  function  ;  towards  the  interior  of  the  leaf  two 
subsidiary  cells  are  attached  to  the  lower  pair  of  glandular  cells ;  these  subsidiary 
celb  result  from  the  displacement  and  depression  of  epidermal  cells.  The  glands 
are  usually  strongly  depressed  in  the  surface  of  the  leaf  and  cause  the  '  folia 
impresso-punctata  ' '  of  systematists.  As  to  whether  the  structure,  described 
by  Volkens  in  Reaumuria  hirteUa  and  figured  in  Tamarix  mannifera,  Vahl, 
applies  to  all  the  glands  of  this  Order,  requires  further  investigation ;  for  Vuil- 
lemin  describes  the  glands  of  the  Tamariscineae  as  similar  to  those  of  the 
Frankeniaceae  and,  in  agreement  with  this,  states  that  they  consist  of  only 
one  pair  of  secretory  cells  and  of  two  subsidiary  cells  ;  this,  however,  according 
to  my  own  researches,  proves  not  to  be  true,  or  at  least  not  generally  so,  and 
this  statement  applies  to  both  Orders.  It  may  be  remarked  with  regard  to  the 
physiological  significance  of  these  glands  that  the  pits  (often  of  considerable 
depth),  at  the  base  of  which  they  are  found,  are  filled  with  secreted  hygroscopic 
salts  (common  salt,  and  also  carbonate  of  lime),  which  subsequently,  during  the 
dry  season,  attract  the  moisture  present  in  the  air  in  the  vaporous  form  and 
supply  it  to  the  plant  through  thec;lands.  In  agreement  with  this  the  palisade- 
cells  in  the  neighbourhood  of  the  glands  are  frecjuently  applied  to  the  glandular 
apparatus,  the  peripheral  cells  having  curved  tips. 

3.  Structure  of  the  Branch.  The  following  facts  may  be  mentioned 
regarding  the  structure  of  the  wood  in  the  three  more  closely  investigated 
species,  Tamarix  gallica,  L.,  Reaumuria  hypericoides,  Willd.  var.  and  Fouquiera 
spUndtns^  Engelm.  Fouquiera  and  Tamarix  have  4-5-seriate  medullary  ra}^, 
while  in  Reaumuria  medullary  ray-parenchyma  is  absent.  The  vessels  bear 
bordered  pits  of  variable  size  on  their  walls ;  they  are  small  in  Tamarix  (diameter 
of  the  border  =  3  /*),  and  relatively  large  (6  y)  in  Fouquiera.  In  Tamarix 
bordered  pits  occur  on  the  vessel-wall  where  it  is  in  contact  with  the  paren- 
chyma of  the  medullary  rays ;  in  Fouquiera  transitions  from  bordered  to  simple 
pits  occur.  The  perforations  of  the  vessels  are  simple,  circular  or  elliptical, 
m  Fouquiera  sometimes  elongated-elliptical,  or  even  scalariform  with  few  bars. 
The  wood-prosenchyma  has  simple  pits  in  Tamarix  and  Reaumuria ;  in  Fouquiera 
it  has  distinct,  but  not  abundant,  bordered  pits.  The  pith  of  Fouquiera  splendens 
is  septate  without  sclerosis,  in  the  same  manner  as  in  the  genus  Carya  of  the 
Juglandeae  ;  the  same  applies  to  F.  formosa,  H.  B.  K. 

Moller  gives  the  following  description  of  the  structure  of  the  cortex, 
founded  on  an  investigation  of  Tamarix  gallica,  L.  The  periderm  arises 
superficially  beneath  the  epidermis  and  consists  of  small  thick-walled  cells. 
The  primary  cortex  has  no  collenchyma,  is  devoid  of  crystals,  and  only  contains 
isolated  enlarged  stone-cells.  The  pericycle  is  composed  of  extensive  bundles 
of  primary  bast-fibres,  which  are  in  mutual  contact  at  the  time  of  their  ori^ 
but  afterwards  move  apart  from  one  another,  without  any  sclerosis  taking 
place  in  the  parenchyma  which  becomes  inserted  between  them.  In  the 
secondary  bast,  bast-nbres,  appearing  in  the  form  of  massive  strands,  which 
are  convex  towards  the  exterior,  take  up  the  entire  breadth  of  the  bast-ray, 
and   are    tangentially  seriated.    Between  the  bundles  of  bast-fibres  of  the 


*  The  interpreUtioo  of  these  doCi  hj  Blenk  it  rery  incomplete. 
I  2 
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secondary  bast  the  cells  of  the  broad  medullary  rays  become  sclerotic  to  a 
slight  extent  and  contain  ordinary  solitary  crj^tals.  The  sieve-tubes  have 
simple  sieve-plates.  Lastly,  with  regard  to  the  cortex  of  Reaumuria  hirteUa 
we  may  quote  Volkens'  statements  that  in  this  plant  the  whole  of  the  primary 
cortex  consists  of  colourless,  water-storing  tissue,  and  that  internal  formation 
of  cork  takes  place. 

Literatare:  Moller,  Holzanat,  Denkschr.  Wiener  Akad.  1876,  p.  83  and  379.->De  BaiTt  Vcfgl. 
Anat.,  1877.— Moller,  Rindenanat.,  i88a,  pp.  354,  355. — Vesqne,  Feaille  det  CaryophyUin^es,  Aoo. 
8C  nat.,  s^r.  6,  t.  xv,  1883,  pp.  137-47  and  pi.  viii. — Blenk»  Flora,  1884,  P«  >>o,  sq>arate  copy, 
pp.  34,  35.— Solereder,  Holzstr.,  1885,  p.  74. — Volkens,  Sitz.-Ber.  Berliner  Akad.  1886,  Ti,  separate 
copy,  p.  8  et  seq.— Marloth,  Ber.  deutsch.  bot.  Gesellsch.  1887,  p.  319  et  leq. — Volkens,  Aegypt.- 
arab.  Wiistc,  1887,  pp.  106-8  and  Taf.  ▼. — Voillemin,  Ann.  so.  nat.,  ser.  7,  t.  t,  1887,  pp.  173,  174 
and  pi.  iv. — Niedenzu,  in  Natiirl.  Pflanzenfum.,  iii.  Teil,  Abt.  6,  1895,  P*  ^9^* — Warming,  HnXohfX 
Stud.,  K.  Danske  Vid.  Sclsk.  Skr.  1897,  p.  a  16. 

ELATINEAE. 

We  owe  our  information  regarding  the  anatomy  of  this  smaU  Order,  which 
consists  only  of  the  two  genera  Bergia  and  Elatine^  chiefly  to  the  recent  state- 
ments of  Niedenzu. 

Immediately  below  the  2-3  epidermal  layers,  from  which  the  trichomas 
arise,  the  stem-structure  of  the  terrestrial  species  of  Ber£ia^  according  to 
Niedenzu,  shows  a  many-layered  starch-sheath,  which  is  specially  well  developed 
in  Bergia  glomeraia,  L.  f.  Internal  to  this  lies  the  cortical  parenchyma  whiclu 
like  the  pith,  contains  clustered  crystals ;  isolated  groups  of  hard  bast  form 
the  outer  limit  of  the  bast.  Some  other  species  of  Bergia  and  the  genus 
Elaiine  present  different  features  in  the  structure  of  the  cortex.  Even  in 
Bergia  anagaUoides^  E.  Mey.  and  B.  arenarioides^  Fenzl,  large  intercellular 
spaces  are  foimd  in  the  inner  part  of  the  primary  cortex  ;  in  B.  aquatica^  Roxb. 
and  in  all  the  species  of  Elatine,  in  conformity  with  their  amphibious  mode  of 
life,  one  finds  wide  vertical  air-passages,  which  are  separated  from  one  another 
by  one-layered,  radial,  parenchymatous  plates  consisting  of  cells  which  are 
usually  radially  elongated ;  it  may  be  added  that  these  air-passages  recur  in 
the  primary  cortex  of  the  root,  where  they  are  traversed  by  radial  filaments  of 
parenchymatous  cells.  Hard  bast  is  absent  from  the  pericycle  in  Elaiine^  as 
also  in  some  species  of  Bergia ;  in  place  of  it  there  is  an  endodermis  with 
suberized,  radial  walls.  In  the  species  of  Elatine  the  pith  is  also  generally  (with 
the  exception  of  £.  Alsinastrum,  L.)  absent. 

Regarding  the  nature  of  the  wood  of  Bergia  suffnUicosOj  Fenzl,  a  woody 
species,  I  have  pointed  out  the  following  facts  in  my  *  Holzstruktur.*  The 
medullary  rays  of  the  wood  are  at  the  most  quadriseriate ;  their  ceUs  arc 
elongated  in  the  vertical  direction.  The  vessels  he  scattered  in  the  transverse 
section,  are  four-sided  and  have  simple  elliptical  or  ciroilar  perforations  as  well 
as  bordered  pits  even  on  the  parts  of  the  wall  which  border  on  parenchyma  of 
the  medullary  rays.  Wood-parenchyma  is  little  developed;  the  wood-pros- 
enchyma  has  moderately  thick  walls  and  bordered  pits.  In  contradistinctioo 
to  this  the  woody  tissue  in  Elatine,  according  to  F.  Miiller  and  H.  Schenck, 
is  composed  entirely  of  vessels  and  thin-wallea  wood-parenchjrma.  Niedenio 
describes  more  or  less  quadrangular  vessels  with  simple  perforations  as  being 
quite  general  in  the  Elatineae. 

llie  following  facts  should  be  cited,  for  the  most  part  from  Niedenzu,  regard- 
ing the  structure  of  the  leaf,  the  hairy  covering  and  the  occurrence  of  secretion 
in  the  Order.  The  epidermis  of  the  leaf  usuaUy  consists  of  very  large  cdls, 
and  often  contains,  e.g.  in  Bergia  decumbens.  Planch.,  special  larc^e  water-storing 
cells,  which  are  arched  outwards  above  the  surface  of  the  leal  and  are  some- 
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times  visible  in  the  living  plant,  even  with  a  lens,  as  shining  dots.  In  the  veins 
hard  bast  is  osoally  absent.  In  the  two  species  investigated  by  me  (Bergia 
iexana^  Seub.,  and  Elaiine  Alsinasirum,  L.)  the  stomata  are  surnnmded  by 
several  ordinary  epidermal  cells.  Mucilaginous  epidermal  cdls  are  present  in 
Btrgia  texana. 

The  hairy  covering  consists  of  clothing  and  glandular  hairs.  The  clothing 
hairs  in  Bergia  suffruHcosa^  B.  arenarioides  and  others  have  a  conical  form  and 
are  1-2-celled  ;  they  cover  the  whole  plant  in  abundance.  Niedenzu  aho  met 
with  multicellular,  uniseriate  clothing  hairs  in  B.  arenarioides ;  they  are  semiented 
in  such  a  way  that  ventricose  and  slender  cells  alternate.  The  glandmar  hairs 
are  of  the  shaggy  form,  with  a  multiseriate  stalk  and  a  multicellular  head. 
They  form  the  terminations  of  the  leaf-teeth,  and  are  found  on  the  lower  side 
of  the  ribs  of  the  leaf,  but  also  elsewhere  on  the  leaf  and  stem. 

Respecting  the  occurrence  of  secretions  I  quote  Niedenm's  statements 
verbally.  In  several  species  of  Bergia  (e.g.  B.  arenarioides,  B,  ammanioides^ 
Roxb.,  B.  polyaniha,  Sond,  and  others)  a  secretion  occurs,  which  is  browniidi 
in  the  dry  condition  and  is  probably  resinous ;  it  is  found  in  the  parenchymatous 
cells,  in  the  epidermal  cells,  and  in  the  leptom-cells  of  the  stem  and  in  the  leaves 
(especially  in  the  vascular  bundles) ;  it  is  embedded  in  a  pseudo-cellular 
matrix  in  the  cells  of  B.  arenarioides;  in  B,  decumbens.  Planch.,  it  is  excreted 
in  distinct  granules,  visible  to  the  naked  eye  and  deposited  on  the  surface 
of  the  stem,  and  is  the  cause  of  the  camomile-smell,  to  which  B,  suffruticosa 
owes  the  synonym  B.  odorata^  Edgew. 

Litermture :  F.  Miiller,  Stnikt.  einig.  A.  too  EUdne,  Flon  t877»  p.  481  and  519,  Tab.  iii.«> 
Arcscboog,  filad.  anat,  Minesikrift,  Limd,  1878,  p.  141  et  seq.  and  Tab.  ix.^Sk>loreder,  Holxstr., 
i88k,  p.  75.— H.  Schenck,  Vergl.  Anat  d.  sobmeit.  Gew.,  Bibl.  bot,  Heft  i,  1886,  p.  33  and  TaC  t. 
—Siedaiza,  in  Natflri.  Pflanxenfam.,  iii.  Teil,  Abt  6,  1895,  p.  378. 
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I.  Review  of  the  Anatomical  Features.  Noteworthy  features  in  all 
the  membeis  of  the  Order  are  the  occurrence  of  schizogenous  secretory  cavities  in 
the  leaf,  frequently  causing  transparent  or  black,  opaque  dots,  and  the  occurrence 
of  schizogenous  secretory  canals  in  the  bast  of  the  axis.  In  the  axis  of  certain 
species  the  secretory  canals  sometimes  occur  also  in  the  pith,  pericyde,  and 
primary  cortex,  but  the  secretory  cavities  are  only  very  rarely  found  here  (in 
the  primary  cortex).  The  axis  is  further  characterized  by  the  presence 
of  a  ring  (often  closed)  of  sclerenchyma-fibres  in  the  pericycle  of  the  woody 
species  ;  by  narrow  medullary  rays  in  the  wood  ;  by  vessels  with  simple  per- 
forations ;  by  wood-prosenchyma  with  simple  or  with  slightly  bordered  pits  ; 
as  well  as  by  internal,  never  superficial,  formation  of  cork.  In  Hypericum, 
the  stomata  are  surrounded  by  three  epidermal  cells ;  in  the  Vismieae  and 
Cratoxyleae  they  are  accompanied  by  two  subsidiary  cells,  which  are  parallel 
to  the  pore.  SteUate  hairs  with  uniseriate  stalks  are  found  in  Vismia,  Psoro- 
spermum  and  Haronga  ;  glandular  hairs  have  not  been  observed.  Oxalate  of 
lime  is  excreted  in  the  form  of  clustered  crj^tals,  in  the  axis  also  in  the  form  of 
solitary  crystals.  The  following  are  special  anatomical  features  which  may 
be  utilized  either  for  generic  or  specific  diagnosis  :  the  abundant  develop- 
ment of  wood-parenchyma  in  the  form  of  tangential  bands  in  the  xylem-mass 
of  some  genera;  the  papillose  differentiation  of  the  lower  epidermis  of  the 
leaf  (species  of  Vismia  and  Psorospermum) ;  the  development  of  hypoderm  on 
the  upper  side  of  the  leaf  (species  of  Vismia)  and  of  storage-tracheides  in  the 
mesophyll  (Endodesmia). 
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2.  Structure  of  the  Leaf^  The  mesophyll,  so  far  as  is  known, 
is  bifacial  in  structure.  The  numerous  species  of  Vismia  and  Psarospermum 
investigated  by  Vesque  all  have  a  one-layered  palisade-tissue,  the  cells  of 
which  are  very  much  elongated  in  the  species  of  the  first-named  genus  but 
not  in  those  of  the  second  {Psorospermum).  Papillose  differentiation  of  the 
lower  epidermis  of  the  leaf  is  described  in  Vismia  kUifolia,  Choisy,  and  Psoro- 
spermum discolor,  Spach.  A  1-3-layered  h3rpoderm  occurs  on  the  upper  side 
of  the  leaf  in  numerous  species  of  Vismia  (in  V.  cayennensis,  Pers.,  V.  eriatUha, 
Mart.,  V,  glabra,  Ruiz  et  Pav.,  F.  lasiantha,  Klotzsch,  V,  lauriformis,  Choisy, 
V.  reticulata,  Choisy,  V.  rufescens,  Pers.,  V.  sessilifolia,  Pers.).  The  stomata 
are  only  present  on  the  lower  side  of  the  leaf.  Accordii^  to  Vesque  the  two 
guard-cells  are  surrounded  by  three  epidermal  cells  in  nypericum,  but  in  the 
Cratoxyleae  and  Vismieae  they  are  accompanied  by  two  subsidiary  cells 
parallel  to  the  pore.  With  regard  to  the  structure  of  the  veins  in  Vismia^ 
Vesque  states  that  a  mass  of  sclerenchyma  is  placed  above  and  below  the 
vascular  bundles.  Lastly,  the  presence  of  storage-tracheides  in  the  leaf-tissue 
recorded  in  the  case  of  Endodesmia, 

Secretory  cavities'  are  found  in  the  leaves  of  aU  the  genera,  as  we  know 
chiefly  from  the  work  of  Blenk  and  Van  Tieghem,  the  latter  of  whom  also  in- 
vestigated the  two  genera  Eliaea  and  Endodesmia,  which  were  not  accessible  to 
Blenk.  According  to  the  concordant  researches  of  Frank,  Hdhnel,  Wider, 
Blenk,  Kienast,  and  Leblois,  the  origin  of  these  secretory  cavities  is  schizo- 

fenous,  and  not  lysigenous,  as  Martinet,  Chatin,  De  Bary,  and  Green  supposed, 
t  is  a  well-known  fact  that  the  secretory  cavities  of  this  Order  frequently 
cause  transparent  dots  in  the  leaves ;  and  that  black  opaque  dots,  likewise 
caused  by  secretory  cavities,  but  limited  to  the  genus  Hypericum^  occur,  either 
accompanying  the  transparent  dots,  or  rarely  to  the  exclusion  of  the  latter; 
these  secretory  cavities,  however,  are  filled  with  dark  contents,  and  are  either 
restricted  to  the  margin  of  the  leaf,  or  occur  also  on  the  surface  of  the  leaf. 
The  secretory  canals  of  the  petiole  will  be  discussed  later  in  connexion  with  the 
secretory  canals  of  the  axis. 

Oxalate  of  lime  is  contained  in  the  leaf-tissue  in  the  form  of  clustered 
crystals  in  Vismia,  Psorospermum,  and  Haronga,  according  to  Vesque. 

With  regard  to  the  hairy  covering,  Vesque  mentions  the  occurrence  of 
stellate  hairs  with  a  uniseriate  stalk  in  the  three  genera  just  mentioned.  In 
Vismia  laurifolia,  Choisy,  the  ray-cells  of  these  stellate  hairs  are  so  firmly  inter- 
woven with  one  another,  that  the  species  in  question,  in  spite  of  the  abundant 
hairy  covering  on  the  lower  surface  of  the  leaf,  was  described  as  ^labnnis. 
Glandular  hairs  have  not  been  observed.  The  varnish-like  covering  of  the  leaf 
of  Hypericum  resinosum,  Benth.,  is  caused,  according  to  VoJkens,  not  by 
glandular  hairs,  but  in  all  probability  by  the  secretory  cavities. 

3.  Structure  of  the  Axis.  Regarding  the  structure  of  the  wood  in  this 
Order,  investigations  of  the  genera  H^ericum  (Turner  and  Solereder),  Ancisirth 
lobus  (Mdller),  and  of  Ascyrum,  Vismia,  Psorospermum,  OraU>Tylon,  and 
Tridesmis  (Solereder)  have  been  published.  In  these  genera  narrow  medullary 
rays  always  occur.  The  vessels,  which  usuaUy  lie  scattered  in  a  transverse 
section  of  the  branch,  have  lumina  of  different  sizes  (maximum  diameter,  •024inin. 
in  Hypericum  BuckUyi,  Curt.,  081  mm.  in  Vismia  baccifera,  Reich.) ;  the  division- 
walls  of  the  vessels  are  simply-perforated.  On  the  vessel-wall  bordering 
the  parenchyma  of  the  medullary  rays  one  finds  bordered  pits  or  more  or 
less  distinct  simple  pits,  which,  as  a  rule,  are  not  large.    The  wood-parenchj^ma 


*  Most  important  literature :  Vesque,  1885  and  Blenk,  1884,  loc.  dt 

'  The  sutement  of  Parmentier  (loc.  dt.)  ai  to  the  occorrence  of  oil-cdli  in  Bjfttitmm  Is  incomct 
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is  developed  in  the  form  of  tangential  bands  in  the  investigated  species  of 
Ancistroiobus^  Vismia^  Psorospermum^  Cratoxylon,  and  Tridesmis,  The  walls 
of  the  wood-prosenchyma  usually  have  distinct,  small  bordered  pits  (Vismia^ 
Psorospermum^  Cratoxylon^  Tridesmis)  or  simple  pits  (Hypericum,  Ascyrum). 
Together  with  this  prosenchyma  bearing  simple  or  slightly  bordered  pits  there 
freauently  occur  prosenchymatous  elements  (so-called  tracheides)  with  distinct 
ana  relatively  wide-bordered  pits,  which  form  a  transition  to  the  vessels,  and 
in  Hypericum  BuckUyi^  Curtis,  are  spirally  thickened. 

As  to  the  cortex  it  is  known  from  Van  Tieghem's  statements  that  only 
thin-walled  tissue  is  present  in  the  pericycle  in  the  herbaceous  members  of  the 
Order  (species  of  Hypericum^  Tridesmis,  Ascyrum) ;  while  in  the  woody 
spedes  a  ring  (often  closed)  of  sclerenchyma-fibres  occurs  (species  of  Ancistro- 
Ubus,  Cratoxylon,  Eliaea,  Haronga,  Psorospermum,  Endodesmia)  in  this  region. 
In  both  cases  the  cork  arises  in  the  pericycle,  in  the  second  case  internally  to 
the  ring  of  sclerenchyma-fibres.  Douliot  makes  some  statements  on  the  detailed 
structure  of  the  cork.  U-shaped,  thickened  cells  occur  in  the  cork  of  '  Crato- 
xylon  coccineum,'  Tridesmis  BUlardieri,  and  Eliaea  articulata  ;  in  the  last-named 
species  layers  of  cells  thickened  in  this  manner  alternate  with  unthickened 
layers  of  cork-cells.  Unsuberized  cells  have  been  observed  in  the  cork  of 
Ascyrum  Crux-Andreae,  Vismia  cayennensis,  and  Eliaea  articulata.  Lastly, 
it  may  be  added  that  formation  of  aerenchyma  has  been  observed  by 
H.  Schenck  in  Hypericum  brasiliense,  Choisy. 

The  secretory  cavities  of  the  lamina  of  the  leaf  arc  replaced  in  the  axis 
by  schizogenous  (Leblois)  secretory  canals,  which  were  first  observed  by 
Konrad  Miiller,  and  were  afterwards  thoroughly  investigated  by  Van  Tieghem. 
It  is  only  in  rare  cases  that  secretory  cavities  are  also  found  in  the  branch, 
where  they  occur  in  the  primary  cortex  (Hypericum  balearicum).  According  to 
Van  Tieghem  the  secretory  canals  are  always  present  in  the  secondary  bast 
of  the  axis.  Moreover,  they  sometimes  also  occur  in  the  pith,  the  pericycle 
and  the  outer  part  of  the  primary  cortex,  either  in  all  three  tissues  or  only  in 
one  of  them  ;  these  diverse  modes  of  occurrence  are  mostly  only  of  sj)ecific 
value  according  to  our  present  knowledge. 

As  regards  the  presence  of  secretory  canals  in  the  pericycle,  they  arc  found  in 
that  tissue  in  the  herbaceous  species  only,  the  pericycle  here  consisting  exclusively 
of  parenchymatous  tissue  {Hypericum,  Tridesmis,  Ascyrum).  On  the  occurrence  of 
niedulUrv  and  cortical  secretory  canals  we  have  the  following  observations  of  Van 
Tieghem's.  The  secretory  canals  are  present  in  the  pith  and  primary  cortex  in 
Hypericum  caiycinum,  Tridesmis  Diilardieri,  Haronga  madagascariensis,  Endodesmia 
esiopkyiioides  ;  only  in  the  primary  cortex  in  Hypericum  Klodes,  H,  Androsaemum, 
Piofospermum  senegalense  \  only  in  the  pith  in  Aucisirolobus  '  pulchelius,'  and 
A,  ligustrinus,  Eliaea  articulata,  '  Cratoxylon  coccineum/  and  according  to  K. 
MuUer  in  C.  myrti folium.  The  medullary  and  cortical  secretory  canals  are,  on  the 
other  hand,  wanting  in  most  of  the  species  of  Hypericum^  e.g.  H.  perforatum,  H. 
tetrapurum,  Ac,  further,  in  Ascyrum  Crux-Andreae,  Vismia  cayennensis,  and, 
according;  to  K.  Muller,  also  in  V,  tomentosa,  Ruiz  et  Pav.  and  V,  glabra,  Ruiz  et 
Pav.  Finally,  it  should  also  be  noted,  that  the  number  and  arrangement  of  the 
medullary  and  cortical  secretory  canals  can  be  made  use  of  for  specific  diagnosis. 

The  resin-canals  are  also  found  in  the  petiole,  while  in  the  leaf  itself  they  are 
replaced  by  secretory  cavities  (see  above).  In  all  the  members  of  the  Order  the 
petiole  posaesaes  only  a  single  arc-shaix^l  vascular  bundle-system.  When  the  peri- 
cycle of  the  latter  is  parenchymatous,  as  in  Cratoxylon  and  Haronga,  it  contains 
od-canals.  When  the  branch  exhibits  secretory  canals  in  the  primary  cortex,  these 
may  run  as  f ar  aa  the  base  of  the  leaf,  and  in  the  petiole  may  be  arranged  in  the 
form  of  an  arc  on  the  lower  side  of  the  vascular  bundle-system  {Hypericum  calycinum, 
Haronga,  Psorosf>ermum,  Tridesmis,  Endodesmia),  Further,  if  the  branch  has  medul- 
lary resin-canals,  they  may  also  occur  in  an  analogous  position  in  the  |)etiole,  viz. 
00  the  upper  tide  of  the  vascular  bundle-system  {Tridesmis,  Endodesmia),  or  they 
may  be  wanting  in  that  position  (Hypericum  calycinum,  Cratoxylon,  Eliaea,  Haronga), 
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Lastly,  in  Ancisirohbus  we  find  that  the  stem  has  medullary  but  no  cortical 
resin-canals,  while  in  the  petiole  they  only  occur  on  the  lower  side  of  the  vascular 
system. 

In  Hypericum  the  secretoiy  canab  are  also  present  in  the  root,  where  they 
occur  in  the  pericycle  on  the  right  and  left  of  the  phloem-bundles  of  the  radially 
differentiated  fibro-vascular  system.  In  older  roots  one  meets  with  them  in  the 
secondary  bast  also. 

Literature :  Frank,  Beitr.  z.  Pflanzenphys.  1868,  p.  125. — MaitiDet,  Ann.  sc  nat,  t^r.  5,  t.  xrr, 
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GUTTIFERAE  (incl.  Quiineae). 

I.  Review  of  the  Anatomical  Features.  The  type  of  stomatal 
apparatus,  i.e.  the  occurrence  of  subsidiary  cells  parallel  to  the  pore  on  either 
side  of  the  pair  of  guard-cells  (Fig.  27,  C),  is  characteristic  of  all  the  Guttiferae, 
as  also — with  the  exception  of  the  Quiineae — is  the  presence  of  schizogenous, 
intercellular,  secretory  receptacles  (canals,  or  canals  and  cavities).  Secretory 
canals  are  present  in  the  pith  and  in  the  primary  cortex  of  the  axis  in  almost 
all  the  members  of  the  Order ;  at  the  same  time,  they  sometimes  also  occur 
in  the  primary  and  secondary  bast,  or  in  the  secondary  bast  only.  In  the  leaf 
the  secretory  canals  either  follow  the  vascular  bundles  in  the  veins  or  run 
independently  of  the  vascular  bundles  in  the  mesophyll;  in  the  latter  case 
they  are  sometimes  (in  the  ^enus  Calopkyllum^  see  Fig.  27,  D)  accompanied  by 
peculiar  bundles  of  tracheides  and  by  sclerenchyma.  In  some  genera  the 
secretory  canals  of  the  leaf-tissue  are  in  part  replaced  by  secretory  cavities 
(Garcinia  mo  parte,  Kayea,  Mammea,  Mesua^  Ochrocarpus  pro  parte,  Pen- 
tadesma^  Poecilaneuron).  The  varied  distribution  of  the  secretory  canals  in 
stem,  root,  and  leaf  is  important  for  generic  and  specific  diagnosis.  It  may 
also  be  pointed  out  in  connexion  with  the  description  of  the  intercellular  secre- 
tory organs,  that  mucilaginous  epidermal  cells  of  the  leaf  have  not  been 
observed  in  any  member  of  the  Order,  but,  on  the  other  hand,  lysigenous 
mucilage-receptacles  are  foimd  in  the  genus  Quiina  (see  below). 

Among  further  features  the  occurrence  ot  simple  perforations  in  the  vesseb 
and  of  parenchymatous, bands  in  the  xylem-mass  is  characteristic  of  all  the 
Guttiferae.  The  wood-prosenchyma  has  simple  or  slightly  bordered  pits  ;  the 
medullary  rays  of  the  wood  are  never  very  broad.  Oxalate  of  lime  is 
deposited  in  the  form  of  clustered  and  of  ordinaiy  solitary  crystals,  more 
rarely  (in  the  epidermis  of  the  leaf  of  species  of  (rarcinia  and  lovomiU)  in 
the  form  of  smaU,  mostly  prismatic  crystals.    A  hairy  covering  (Fig.  28)  sddkxn 
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occurs  in  the  Order ;  glandular  hairs  are  completely  absent ;  there  are  only 
simple  uniceUular  hairs  (Gafcinia\  or  simple  uniseriate  hairs,  the  latter,  owing 
to  papillose  protrusion  of  cells,  passing  over  into  branched  or  dichotomously 
divided  hairs  (CahphyUum).  The  nature  of  the  vessel-wall  where  it  is  in  con- 
tact with  ray-parenchyma  (whether  bearing  bordered  pits  or  large  simple 
pits),  the  varyuig  place  of  origin  of  the  cork  (epidermis  or  outermost  cell- 
layers  of  the  primary  cortex),  and  the  structure  of  the  veins  (embedded  or 
vertically  transcurrent)  can  probably  be  employed  for  generic  diagnosis.  In 
the  same  way,  apart  from  the  form  and  distribution  of  the  secretory  organs 
already  referred  to  above,  and  from  the  diverse  nature  of  the  (usually  bifacial) 
mesophyll  and  the  varying  form  of  the  epidermal  cells,  numerous  anatomical 
characters  (especially  of  the  leaf)  are  available  for  distingiiishing  the  species, 
viz. :  very  frequently  a  hypoderm  ;  in  a  few  species  a  papillose  epidermis  on 
the  lower  side  of  the  leaf;  in  many  species  papillose  or  strongly  striate 
subsidiary  cells  in  the  stomatal  apparatus ;  marg^al  pits  in  the  epidermal 
cells ;  sclerosed  mesophyll-cells ;  terminal  tracheides ;  small  columnar  or 
clustered  crystals  in  the  epidermis  of  the  leaf ;  cork-warts  on  the  lower  sur- 
face of  the  leaf,  &c. 

The  Quiineae  (genus  Quiina,  including  Touroulia\  which  are  regarded  by 
Engler  as  a  separate  Order,  are  essentially  distinguished  from  the  uuttiferae 
by  the  absence  of  schizogenous  resin-canals  and  by  the  occurrence  of 
l>'sigenous  mucilage-canals.  In  regard  to  their  remaining  anatomical  features 
the  Quiineae  fall  into  the  circle  of  s&nity  of  the  Guttiferae. 

2.  Structure  of  the  Leaf  *.  The  leaf-structure  is  well  known  through 
the  investigations  of  Vesaue  and  Blenk. 

The  mesophyll  is  bifacial  in  structure  in  most  cases.  Centric  or  subcentric 
structure  has  been  observed  in  certain  species  of  Calobhyllum,  Garcinia^  Rhcedia^ 
Clusia^  Symphonia^  Moronobea,  Platonia,  and  Pcntaaesma,  The  palisade- tissue 
consists  either  of  long  or  short  cells  ;  the  spongy  parenchyma  is  usually  loose. 
The  mesophyll  of  Clusia  rosea^  L.,  shows  a  very  remarkable  structure.  In 
this  species  the  palisade  and  spongy  parench3nna  are  distinguished  by  having 
reticulately  thickened  walls  ;  the  cells  of  the  palisade-tissue  have,  at  the  same 
time,  nearly  prosenchymatous  shape  (Fig.  27,  A),  In  other  Guttiferae  there 
is  a  tendency  to  sclerosis  in  the  mesophyll.  Thus  in  many  species  of  Clusia 
and  Cochlanikera  the  whole  of  the  lower  part  of  the  spongy  tissue  is  thick- 
walled  or  sclerotic  ;  in  certain  species  of  Clusia  (C.  insignis^  Mart.),  Pilosperma 
(P.  caudahim,  Tr.  et  PI.),  Tovomita  (T.  macrophylla,  Walp.),  Montrouzicra  (M. 
cauliflara^  Tr.  et  PI.)  and  PoeciUmeuron  (P.  indicum^  Bedd.)  this  feature  is 
restricted  to  one  or  rarely  two  layers  of  cells  which  are  situated  above  the 
lower  epidermis  and  possibly,  in  part  (Clusia  insignis\  also  belong  to  the 
epidermal  tissue  ;  lastly,  in  certain  species  of  Clusia  (C.  volubilis,  H.  B.  K.) 
and  Garcinia  (G,  Blumci^  Pierre,  G.  echinocarpa,  Thw.,  G.  Hasskarlii^  Pierre, 
C.  myristicaefolia^  Pierre,  G.  picrarhiza,  Miq.)  only  isolated  cells  of  the 
mesophyll  are  sclerosed. 

The  structure  of  the  epidermis  affords  a  whole  series  of  anatomical  char- 
acters :  firstly,  the  varied  nature  of  the  lateral  walls,  which,  according  to  the 
species  or  genus,  are  straijght  to  strongly  undulated  ;  then,  the  height  of 
the  epidermal  cells  and  their  consequent  shape  in  a  transverse  section  of  the 
leaf ;  the  varied  thickness  of  the  cuticle  ;  the  appearance  of  marginal  pits  in 
epidermal  cells  with  undulated  lateral  walls  (in  certain  species  of  TovamiUif 

*  Chiefly  according  to  the  works  of  VcMiiie.  1886-93,  and  Blenk,  1884,  loc  dt.  In  the  followhijB^ 
detcriotion  of  the  leaf-ttnctiue  I  omit  ennmerations  of  spedet  as  far  as  possible,  as  any  one  who  it 
specially  interested  in  the  anatomy  of  the  Order,  mar  refer  to  the  worics  of  Vesqne.  Among  the 
Qaiineae  (which  Vesqne  does  not  class  with  the  GntUierae),  I  have  intcstigated  tourtuHa  fUrid^ 
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Plaionia,  Pentadesma^  Garcinia^  Rkeedia^  Kayea,  Mesua,  Poeciloneuron,  Mam* 
mea,  and  TourotUia) ;  the  occurrence  of  an  inner  thickening-lamella  (in  certain 
species  of  Calophyllum,  in  some  cases  on  all  sides  of  the  cdls,  e.g.  in  C.  TkwaiUsii^ 
Tr.  et  PL,  in  other  cases  on  the  outer  wall  only,  e.g.  in  C.  bradeaium^  Thw.). 
Formation  of  papillae  on  the  lower  epidermis  occurs  in  Garcinia  Livingskmi^ 
T.  Anders.,  and  G.  polyantha^  Oliv. ;  m  Mesua  ferrea,  Choisy,  there  is  only  an 
indication  of  it.  A  hypoderm  (one-  to  many-layered)  on  the  upper  side  of  the 
leaf  is  very  widely  distributed.  Vesque  met  with  it  in  all  the  species  of  Clusia^ 
Cochlaniheray  Rengifa^  Havetia,  Oedematopus^  Pilosperma^  MofUrouzierOj  and 
Plaionia,  as  well  as  in  certain  species  of  Chrysochlamys^  Tovamita^  Garcinia^  and 
Cahphyllum,  Regarding  the  species  of  dhrysochlamys,  &c.,  which  possess 
hypoderm,  and  the  details  of  the  differentiation  of  the  latter,  Vesque  should 
be  referred  to.  With  respect  to  the  latter  point  it  is  only  necessary  to  men- 
tion here  that  the  hypoderm  of  Oedematopus  obovatus,  Tr.  et  PI.  (Fig.  27,  B)  is 
formed    by  a   many-layered,   spongy,    partly  green   tissue,  while    that    of 


Pig.  a;.  A,  Groap  of  palisade-cella  from  the  mesoDhyll  of  Chtsim  rotm,  L.  in  a  trmntrene  aectkm.  B,  Spoafj 
hypodenn  from  the  leaf  of  Oedtmatopus  obovaius^  Tr.  et  PI.  c,  Crystftl-ooatainiaf  ciMdemto  of  the  leaf  of 
Garcinia  pundaia^  Oliv.  D,  Trantverte  aection  through  the  leaf  of  CalofkMmm  buMifotimm^  Vaaqac.  with 
a  resiocanal  accompanied  by  tracheides  and  aderencfaymatoos  fibres.— A,  orifiiuQ,  the  remainder  after  Vcwjm. 

Clusia  insignis^  Mart.,  consists  of  two  layers  of  rod-shaped  sderenchymatous 
cells  elongated  in  the  direction  of  the  veins. 

The  stomata  are  almost  always,  i.e.  only  with  the  exception  of  some 
species  of  Garcinia,  restricted  to  the  lower  surface  of  the  leaf.  Their  guard- 
cells  (also  in  Touroulia)  are  accompanied  on  their  longitudinal  sides  by  one 
or  several  subsidiary  cells  parallel  to  the  pore.  In  certain  sj>ecies  of  Garcimis 
(G.  angolensis,  Vesque,  G.  Baikieana,  Vesque,  G.  LivingsUmi,  T.  Anders.,  C.  ovali- 
folia,  Oliv.,  G.  polyantha,  Oliv.)  the  subsidiary  cells  are  characteriied  by 

Eapillose  protuberances,  and  in  some  species  of  ChrysoMamys  and  Symphoms 
y  strong  striation  in  the  transverse  direction  relatively  to  tiic  pore,  resides 
these  features,  the  following  have  been  made  use  of  by  Vesaue  for  specific 
diagnosis  :  the  varied  form  of  the  pair  of  guard-cells ;  the  size  of  the  subsidiary 
cells ;  the  position  of  the  guard-cells  with  regard  to  the  subsidiary  cells  viz. 
whether  the  former  are  at  the  same  level  as  the  subsidiary  cells  or  are  ooveied 
by  the  latter. 
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Cork-warts  have  been  observed  (E.  Bachmann)  in  Clusia  flava  and 
Xanihockymus  pidarius. 

The  vascular  bundles  of  the  smaller  veins  are  in  almost  all  cases  (excepting 
some  few  spedes  of  Garcinia)  accompanied  by  bundles  of  sclerenchyma  or 
surrounded  by  a  ring  of  sclerenchyma.  It  is  noteworthy  that  in  Touroulia 
pUridophylla^  Radlk.  the  sclerenchymatous  elements  detach  themselves  singly 
or  in  bundles  from  the  veins  and  then  run  free  in  the  mesophyll.  In  the  majority 
of  the  genera  of  the  Order  (Clusia^  CocUanihcra^  Rengifa^  Havetia,  Oedematapus^ 
Pilosperma^  Batboay  ClusieUa^  A  strotheca^  ChrysocUamys^  Towmitopsis,  Tovomita^ 
SympkaniOy  Montrouziera^Maronobea,  Platonia^  AUanbUickia,  Garcinia,  Rheedia, 
Touroulia)  the  vascular  bundles  of  the  smaller  veins  are  embedded.  On  the 
other  hand,  the  genera  CalaphyUum,  Kayea,  Mesua,  Poeciloneuron,  and  Mam- 
mca  (which  are  very  closely  related  to  one  another)  have  the  smaller  veins 
vertically  transcurrent ;  in  these  a  plate  of  sclerenchyma  accompanies  the 
vascular  bundle  on  the  upper  and  lower  side,  and  extends  as  far  as  the  epidermis. 
The  smaller  veins  of  Pentadesma  and  Ochrocarpus  should  be  described  as 


Pig.  «&    Hairy  coreriiiff  of  the  G«ttUerae :    A,  Cmlopkyamm  rtiusmm.  Wall. :   B,  C.  brmeitmlmm^  Tbw. ; 
C,  C  P^ndotaemmtmAmtm,  Tr.  et  PL ;  D,  C.  Cmlmbm,  Jacq.  (lMid«) ;  B,  C.  tom^niotum,  Wigfat—After  VeMioe. 

*  almost  vertically  transcurrent  by  means  of  sclerenchyma.'  In  addition  to 
this  it  should  be  noted,  that  in  Ochrocarpus  hngifolius,  Benth.  et  Hook, 
the  girder-sclerenchyma  spreads  out  to  the  right  and  left  below  the  upper 
epidermis,  and  in  this  manner  forms  a  continuous  hypoderm  consisting  of 
sclerenchyma-fibres.  Enlarged  terminal  tracheides  have  been  observed  in 
species  of  Kayea,  Mesua^  and  Rheedia. 

In  the  majority  of  cases  oxalate  of  lime  is  present  in  the  mesophyll  in  the 
form  of  clustered  crystals.  In  some  genera  it  is  wanting.  In  others  one 
finds  solitary  crystals  in  addition  to  the  clustered  crystals,  especially  round 
the  vascular  bundles  (Garciniay  Rheedia^  Ochrocarpus,  Calophyllum,  Kayea), 
or  solitary  crystals  exclusively  (Peniadesmay  Mesua,  Poeciloneuron,  Mammea). 
A  further  form  of  oxalate  of  lime  is  represented  by  small  crystals,  mostly 
of  prismatic  shape,  which  are  contained  m  the  epidermis  of  the  leaf  in  many 
spraes  of  Garcinia  (G.  Benikami,  Pierre,  C  cornea^  L.,  G.  echinocarpa^  Thw., 
O.  eUiptica,  Hook,  f.,  G.  Mannii,  Oliv.,  G.  funcUUa,  Oliv.,  Fig.  27,  C, 
G.  Rumphiiy  Pierre,  G.  Schefftri,  Pierre,  G.  venulosa^  Choisy)  and  in  Tovomiia 
martinicensisy  Vesque.    Lastly,  it  may  be  pointed  out,  that  in  some  species 
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of  Garcinia  {G.  densiflora^  Vieill.^  G.  fascicidaris.  Wall.,  G.  Harmandi^  Pierre, 
G,  Mungotia^  Depl.)  clustered  crystals  are  also  met  with  in  the  epidermis  of 
the  leaf. 

A  hairy  covering  (Fig.  28)  is  rare  in  the  Order,  and  consists  of  clothing 
hairs  only.  Glandular  hairs  are  wanting.  In  Garcinia  Vilersiana,  Pierre  and 
Touroulia  pteridophylla^  Radlk.,  the  clothmg  hairs  are  unicellular  and  short.  In 
Calophyllum  they  are  uniseriate,  sometimes  biseriate  at  the  base,  short  or  long, 
and  often  of  very  curious  form.  Firstly,  simple  hairs  occur  in  this  genus. 
But  very  frequently  single  cells  at  the  base,  the  middle,  or  the  end  of  these 
simple  trichomes  are  arched  out  in  a  papillose  manner,  and  thus  a  series  of 
forms  of  hairs  arises,  ending  in  the  copiously  branched  hairs  of  C.  iopnen- 
tosum^  Wight,  and  the  dichotomously  divided  hairs  of  C.  bracteaium^  Thw., 
C.  Hasskarlii,  Teysm.  et  Binn.,  &c. 

The  occurrence  of  secretory  canals  or  secretory  cavities  or  of  both  together 
is  very  characteristic  of  the  leaves  of  the  Guttiferae,  with  the  exception  of  the 
Quiineae.  These  secretory  elements  are  not  uncommonly  visible  even  with 
a  lens  or  the  naked  eye  as  transparent  lines,  small  striae  or  dots.  In  some 
members  of  the  Order  the  secretory  canals  are  restricted  to  the  veins  ;  in 
others  they  also  run  free  in  the  mesophyll,  independently  of  the  bundles  of  the 
veins.  The  secretory  cavities  lie  in  the  meshes  of  the  veins  and  are  met  with 
in  the  genera  Garcinia  pro  parte,  Kayea^  Mammea^  Mesua^  Ochrocarpus  pro 
parte,  Pentadesma  and  Poeciloneuron, 

The  following  statements  may  be  made  on  the  form  and  distribution  of  the 
secretory  organs  in  question  in  the  different  tribes. 

In  the  genera  of  the  Clusieae  {Clusia,  Cochlanthem,  Rennfa^  Renggeria^  Havetia^ 
Oedematopus,  Pilosperma,  Balboa,  Clusielia,  Asirotheca^  ChrysochMfftys^  Tovomi- 
iopsis,  Tovomita)  the  secretory  canab,  as  a  rule,  run  free  in  the  mesophyll,  inde- 
pendent of  the  veins,  frequently  meeting  the  latter  at  an  acute  angle  and  sometimes 
anastomosing  with  one  another ;  the  resin-canals  are  sometimes  also  found  in  the 
h3rpoderm  and  stiU  more  rarely  {Clusia  eugenioides,  PL  et  Lind.,  C.  /iova,  L., 
C.  minor,  L.,  C.  Pana-Panare,  Choisy ;  Haveiia  lauri folia,  H.  B.  K. ;  TovomiU 
guianensis,  AubL,  T.  Spruceana,  Tr.  et  PL  ;  all  according  to  Vesque)  in  the  paren- 
chyma of  the  veins.  It  is  stiU  unknown  how  the  genus  Oxystemon,  which  is  classed 
with  the  Clusieae,  behaves  in  this  respect ;  the  '  folia  obsolete  peUucido-pnnctata ' 
rather  lead  one  to  infer  the  occurrence  of  secretory  cavities. 

Of  the  genera  of  the  Moronobeae  Platonia  agrees  with  the  Qusieae,  in  that  the 
secretory  canals  in  this  genus  have  an  entirely  free  course  in  the  mesophyO. 
Pentadesma,  belonging  to  the  same  tribe,  has  secretory  cavities  only  and  no  secretoiy 
canals  in  the  leaf.  The  four  remaining  genera  of  the  tribe  {Symfhania,  Montrau' 
ziera,  Moronohea,  dsid  Allanhlackia)  are  characterized  by  the  facttnat  the  secretory 
canals  are  placed  above  the  vascular  system  in  the  veins.  Moreover,  in  certain 
species  of  Symphonia  and  Montrouziera,  according  to  Vesque,  smaller  secretory 
canals  occur  in  the  mesophyll ;  it  stiU  remains  an  open  question  whether  these 
latter  are  not  merely  accidental  branches  of  the  secretory  cwab  which  accompany 
the  vascular  bundle-system,  such  as  Blenk  has  observed  in  Moronohea  and  Symphomis. 

The  following  facts  may  be  cited  regarding  the  three  ;;enera  of  the  Garonieae : 

( 1 )  In  the  very  numerous  species  of  the  genus  Gardnta,  Vesque  almost  alwa^rs 
met  with  secretory  canals  running  free  in  the  mesophyll ;  G.  travansorica^  Bedd.  is 
the  sole  exception  in  which  the  balsam-canals  run  in  the  veins  alone.  In  a  relativdy 
large  number  of  species  of  Garcinia  secretory  canals  also  occur  in  the  vans,  besides 
those  running  free  in  the  mesophylL  Lastly,  a  series  of  species  of  Garcinia  possess 
secretory  cavities  in  addition  to  the  secretory  canals,  viz.  G.  Beccarii,  Pierre,  G. 
Griffithit,  Th.  Anders.,  G.  Hanburyi,  Hook,  f.,  &.  lateriflora^  BL,  G.  Lournri^  Picnc, 
G.  malaccensis.  Hook,  f.,  G.  Mannii,  Oliv.,  G.  Oliveri,  Pierre,  G.  panicmlaia^  Roxh., 
G.  parvi folia,  Miq.,  G.  punctata,  Oliv.,  G.  Schomburgkiana^  Pierre,  G.  succifoHa, 
Kurz,  and  G.  Trianii,  Pierre,  according  to  Vesque,  as  well  as  G.  afioffuils,Tr.  eL  PL 
and  G.  elliptica,  WalL,  according  to  Blenk. 

(2)  In  the  species  of  the  genus  Rheedia,  the  secretory  canals  nm  free  in  the 
mesophyll,  sometimes  in  the  parenchyma  of  the  veins  as  wdU. 
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(3)  In  the  genus  OchrocarpuSf  Vesque  states  that  secretory  cavities  occur  either 
alone  (O.  africanus^  Oliv.,  and  O.  longifoliuSt  Benth.  et  Hook.),  or  together  with 
secretory  canals  in  the  veins  (O.  eugeniaides,  Vesque),  or  '  glandulae  canaliformes  in 
areolis  venarum,'  Le.  secretory  canals  in  the  mesophyll  (O.  excelsus,  Vesque). 

Lastly,  the  ifonrth  tribe,  that  of  the  CalophyUeae,  falls  into  two  sharply  divided 
groups  according  to  the  secretory  orgsms.  The  first  of  these  consists  of  the  genera 
Kayea,  Mesua^  Mammea^  and  Poecuaneuron.  In  these  genera,  secretory  cavities 
are  always  found  in  the  meshes  of  the  network  formed  by  the  veins,  in  certain 
species  of  Kayea,  Mesua,  and  Mammea,  secretory  canals  occur  in  addition  in  the 
parenchyma  of  the  veins,  occasionally  that  of  the  principal  veins  only,  and  in  one 
species  (Kayea  macratUha,  BailL)  secretory  canals  are  also  found  running  free  in  the 
mesophyU.  In  the  fifth  genus,  Calopkyllum,  secretory  cavitits  are  absent.  In  place 
of  them,  in  all  species  of  this  genus,  one  finds  secretory  canals  running  free  in  the 
mesophyU  between  the  lateral  veins,  and  in  some  species  the  canals  are  also  present 
in  the  veins.  The  secretory  canals  which  run  in  the  mesophyll  of  Calofhyltum  are 
always  accompanied  by  broad  spiral  tracheides,  with  which  sderencnyma-fibres 
are  frequently  associated  (Fig.  27,  D), 

3.  Structure  of  the  Axis.  The  following  facts  are  known  regarding 
the  structure  of  the  wood,  and  are  based  on  the  investigation  of  species  of  the 
genera  Garcinia  (including  Hebradendron)^  Sympkonia  (including  Chrysotia)^ 
Calophyllum,  Mesua,  Mammea,  and  Touroulia  (T.  pUridophylla,  Raalk.). 
A  transverse  section  of  the  xylem-mass  shows  (a)  vessels,  which  are  isolated 
or  arranged  in  radial  rows  and  have  lumina  of  different  sizes  (maximum 
diameter  —  -036  mm.  in  Garcinia  mer£uensis,  Wight,  -012  mm.  in  Mammea 
americana,  L.) ;  (b)  i'4-seriate  medullary  rays,  and  (c)  usually  also  (excep- 
tion, Touroulia)  tangential  bands  of  wood-parenchyma.  The  perforations  of 
the  vessels  are  simple  (even  in  Quiina,  according  to  Engler).  The  vessel-wall, 
where  it  is  in  contact  with  parench3nna  of  the  medullary  rays,  bears  bordered 
pits  (Garcinia,  Sympkonia,  Touroulia)  or  large  simple  pits  (Calophyllum, 
yfesua).  The  pitting  of  the  wood-prosench5nna  is  difficult  to  recognize,  on 
account  of  the  narrow  lumen  of  the  cells.  In  Calophyllum,  Mesua,  Garcinia, 
and  Touroulia  the  pits  of  the  prosenchyma  have  narrow  borders,  in  5ym- 
phonia  they  are  simple.  Chambered  crystal-parenchyma  has  been  observed 
in  the  wood  of  Sympkonia  globulifera,  L.,  and  Mesua  speciosa,  Choisy. 

Regarding  the  structure  of  the  cortex,  statements  are  found  in  the  works 
of  Moller,  Douliot,  and  K.  Miiller.  The  cork  arises  either  in  the  epidermis 
(species  of  HavHiopsis,  Platonia,  and  Calopkyllum)  or  subepidermally  in  the 
outermost  cell-layer  of  the  primary  cortex  (species  of  Mesua,  Oedematopus, 
Pilosperma,  Tovomiia,  Quiina).  In  Tovomita,  Pilosperma,  Oedematopus,  and 
Quiina  the  cork  consists  of  few  layers,  of  which  the  second  exhibits  unusually 
strongly  thickened  outer,  tangential  walls,  but  in  Mesua  the  cork  consists  of 
cells  with  wide  lumina  and  thin  walls.  Phelloderm,  consisting  of  cells  sclerosed 
in  the  form  of  a  U,  has  been  observed  in  Calopkyllum.  Sclerenchyma  is 
usually  abundantly  developed  in  the  cortex.  If  I  understand  K.  Miiller  rijghtly, 
a  composite  and  continuous  ring  of  sclerenchyma  is  present  in  the  pericycle, 
in  the  species  of  Clusia  investigated  by  him,  in  Tovomita  umbeUata,  centh.,  in 
a  few  species  of  Garcinia  and  in  Mesua  ferrea,  L.,  likewise,  according  to  Moller, 
in  Calopkyllum  Inopkyllum,  L.,  but  not  in  all  the  members  of  the  Order. 
The  secondary  bast  sometimes  (Calopkyllum  Inopkyllum)  contains  plates  of 
sclerenchyma  consisting  of  groups  of  bast-fibres  and  stone-cells.  As  in  the 
leaf,  oxalate  of  lime  is  found  in  the  cortex  in  the  form  of  clustered  and  solitary 
crystals. 

In  the  Guttiferae  (excluding  the  Quiineae)  the  secretory  organs  of  the 
axis  \  like  those  of  the  leaf,  consist  of  resin-canals  and  of  resin-cavities.    The 

■  Accofding  to  Van  Tieghem's  work,  which  correcU  the  iUtemeoU  of  K.  Miiller  and  the  earlier 
aathor^. 
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latter  have  hitherto  only  been  observed  in  the  primary  cortex  of  Mammea^  but 
may  perhaps  occur  also  in  the  same  position  in  the  other  genera,  which 
possess  secretory  cavities  in  the  leaf.  Secretory  canals  have  been  met  with  in 
the  pith  and  in  the  primary  cortex  in  all  the  Guttiferae  hitherto  investigated 
with  regard  to  their  stem-structure ;  only  in  PUospermum  caudaium  was  Van 
Tieghem  unable  to  find  any  medullary  secretory  canals.  Besides  the  medul- 
lary and  cortical  secretory  canals,  resin-canals  also  occur  in  the  bast  in  certain 
genera,  and  in  that  case  either  only  in  the  secondary  bast  or  in  both  primary 
and  secondary  bast. 

The  following  have  no  secretory  canals  in  the  bast :  Clusia  (including  ArrudM), 
Tovomita,  Havettopsis,  Pihsperma,  Pentadesma,  OedemaiopuSf  also  AUanbltickim^ 
according  to  K.  Muller.  Secretory  canals  are  present  in  the  secondary  bast  in 
Mesua,  Havetia,  Garcinia  (including  Xanthockymus)^  Rheedia^  CalophyUum^  Sym^ 
phonia.  The  primary  and  secondary  bast  contains  secretory  canals  in  Mam$m$s 
and  Ochrocarpus. 

Inorder  toavoid  erroneous  statements,it  maybe  remarked  here,  that  Van  Tieghem 
observed  the  formation  of  tyloses  in  the  cortical  secretory  canab  of  Mammea  americana 
and  other  members  of  the  Order,  so  that  the  canals  are  obliterated  and  become 
indistinguishable.  The  stopping  up  of  the  secretory  canals  is  brought  about  here, 
as  in  other  Orders  ( Anacaroiaceae,  IMpterocarpeae),  by  some  of  the  epithelial  cells 
growing  out  into  papillae,  which,  penetrating  into  the  oil-canal,  finally  come  into 
contact  with  one  another  and  completely  fill  up  the  canaL 

In  connexion  with  the  secretory  canals  of  the  axis,  the  resin-canals  in 
the  root  may  be  briefly  mentioned.  In  regard  to  the  latter  Van  Tieghem 
makes  the  following  statements :  secretory  canals  exclusively  in  the  primary 
cortex  in  Clusia ;  secretory  canals  in  the  primary  and  secondary  bast,  as  well  as 
a  secretion  in  the  subepidermal  and  the  innermost  cell-layer  of  tlie  primary 
cortex  in  Garcinia^  Xanthachymus,  and  Rkeedia ;  secretory  canals  in  the  primary 
cortex  and  in  the  primary  and  secondary  bast  in  Mammea^  CalaphyUum^  and 
Ochrocarpus. 

The  e^enus  Quiina  (including  Touroulia)  has  no  resin-canals  ;  in  their  place 
intercellmar  spaces  filled  with  mucilage,  as  Tr6cul  had  already  observed,  occur 
in  the  branches  of  certain  species  (Q,  ohovata  and  Q,  Decaisneana^  and  in  Touroulia 
pteridophylla) ;  they  are  found  at  the  centre  and  often  also  at  the  periphery  of 
the  pith  in  the  axis  and  in  the  pith,  or  in  the  parenchyma  situat^  above 
the  vascular  system  of  the  petiole  and  of  the  larger  veins  ;  these  intercellular 
spaces,  according  to  Engler  and  my  own  observation,  are  differentiated  as 
canals  in  TourotUia,  The  genus  Sphaerosepalum^  which  was  classed  by  Baker 
with  the  Guttiferae  but  was  transferred  by  Warburg  to  the  Bixaceae,  also 
contains  meduUary  mucilage-canals  but  no  resin-canals. 

Literature  :  Tr^cul,  Vaisseaux  propres  dans  les  Clnsiac^es,  Compt.  rend.,  t.  Iziii,  lS66,  pp.  537  and 
613  et  seq.,  Ann.  sc.  nat,  s^r.  5,  t.  v,  1866,  pp.  368-79  and  t  vi,  1866,  pp.  52-71  and  Adawnta, 
t  vii,  p.  1 8a  et  seq. — Tr^cul,  Lac.  k  gomme  dans  les  Q^iin^et,  Compt  rend.,  t  bdii,  1S66,  pi  717 
et  seq.  and  Adansonia,  t.  vii,  p.  91  et  seq. — Van  Tieghem,  Canaux  Bto6t.,  Ami.  tc.  nat,  t^r.  5. 
t.  xvi,  187a,  pp.  i74-8i.~M6ller,  Holzstr.,  Denkschr.  Wiener  Akad.  1876,  pp.  81,  8a  and  377.^ 
De  Bary,  Vergi.  Anat.,  1877. — E.  Hachmann,  Korkwuch.  auf  BL,  Pringsheim  Jahrb.,  Bd.  mxL  1S79- 
81,  p.  196  et  seq.— K.  Muller,  Engler,  Hot.  Jahrb.,  Bd.  ii,  1881,  pp.  433-41. — Moller,  Rindeiiaoat.. 
i88a,  pp.  351,  353.— Van  Tieghem,  Bull.  Soc.bot.de  France  1884,  pp.  141-51.— Blenk,  Floim  1884, 
p.  140  et  seq.,  separate  copy.  pp.  30-5.— Solereder,  Holzstr.,  1885,  pp.  76-8.— Van  Ticg^cm,  An. 
sc.  nat,  s^r.  7,  t.  i,  1885,  p.  37  et  seq. — Vesque,  Appareil  aquifm  det  CaUpkyUmm^  Conpt  icnd., 
t.  dii,  1886,  pp.  1 203-5  <^^  Compt.  rend.,  t.  civ,  1887,  p.  313. — LeUois,  Ann.  tc  nat.,  wtx.  7,  t.  vi,  1887, 
pp.  287-90. — Tr^cul,  Appareil  aqnif^re  des  CaJophyllufk  de  M.  Vetqne,  Compt  rend.,  t  ciT«  1887, 
pp.  287-90.— Vesque,  Epbannoais  ii,  1889,  162  Tab.  (Garcinieae  and  CalophyUeae). — DovUol,  Ana. 
sc.  nat,  s^.  7,  t.  X,  1889,  pp.  337-41- — Vesqne.  Coinpt.  rend.,  t  cxii,  1891,  pp.  54a  et  teq.,  8jo 
et  teq.,  1077  et  seq.,  and  1 273  et  seq. ;  t.  cxiv,  189a,  pp.  50a  et  seq.  and  844  et  secL— -Veiqne,  ^^fmmom 
iii,  1892, 113  Tab.  (Clusieaeand  Moronobeae). — Becheraz,  SekretUld.,  Dbi.,  Bern  1893,  pp.  19  and  3a 
et  seq.—Ent^ler,  in  Natiirl.  Pflanzenfam.,  iii.  Teil.  Abt  6,  1893,  p.  i<^.— Veiqne,  Gottiime,  in  DC. 
Monogr.  Phan.,  vol.  xiii,  1893  (see  also  Joaraal  de  Bot  1891-4).— Pierre,  BolL  Soc.  Unn.  dePirii 
1896,  p.  1224. 
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I.  Review  of  the  Anatomical  Features.  The  Temstroemiaceae  have  no 
special  anatomical  characters  common  to  all  of  them.  As  regards  the  structure 
of  the  leaf  and  axis  in  general  the  following  features  should  be  pointed  out. 

In  the  Bonnetieae  the  stoma  is  accompanied  by  two  subsidiary  cells  which 
are  parallel  to  the  pore,  in  other  cases  it  is  surrounded  by  three  or  four 
epidermal  cells  which  are  differentiated  like  subsidiary  cells,  and  in  others 
again  it  is  surrounded  by  ordinary  epidermal  cells  in  varjdng  number.  The 
vascular  bundles  of  the  smaller  veins  arc  either  embedded  in  the  mesophyll 
{Cameliia^  Caryocar,  Gordonia,  Marcgravia,  Ternstroemia),  or  vertically  trans- 
current  (Caraipa,  Kielmeyera,  Saurauja).  Sclerenchymatous  cells  of  varied 
shape  (Fig.  29,  o-D)^  e.g.  branched  sclerenchyma-cells,  sclerenchyma-fibres,  &c., 
are  very  widely  distributed  in  the  mesophyU  (in  species  of  AnnesUa^  Camellia^ 
Clrycra^  Freziera^  Gordonia,  Laplacea^  Marcgrama,  Noraniea^  Pelliciera^  Schima^ 
Souroubea^  Temsiroemia^  and  Visnea),  It  may  be  mentioned  in  passing  that  these 
elements  occur  also  in  the  parenchyma  of  the  pith  and  cortex.  In  the  tissues 
of  the  axis  mentioned  they  are  sometimes  replaced  by  ordinary  stone-cells ; 
the  latter  occasionally  form  horizontal  diaphragms  in  the  pith.  In  connexion 
with  the  above  characters,  which  are  important  for  the  diagnosis  of  the  Order, 
mention  should  also  be  made  of  the  following,  which  may  be  employed  for 
specific  diagnosis :  the  occurrence  in  the  leaf  of  hypoderm,  of  papillose 
aifferentiation  of  the  epidermis,  of  a  mucilaginous  epidermis,  and  of  arm- 
paltsade-parenchyma  (Fig.  29,  A). 

In  the  Marcgravieae  and  Sauraujeae  (excl.  Stachyurus)  as  well  as  in 
PeUicura^  oxalate  of  lime  is  present  in  the  form  of  raphides,  which  in  Pelliciera 
and  Saurauja  arc  in  part  replaced  by  styloids.  In  the  remaining  tribes 
ordinary  solitary  and  clustered  crystals  occur. 

The  hairy  covering  consists  of  simple  unicellular  hairs  {Gordonia,  Camellia), 
of  multicellular,  branched  trichomes  {Saurauja),  of  small  unicellular  structures 
resembling  stellate  hairs  or  small  scales  {Caraipa,  Marila),  of  small  scale-like 
trichomes,  which  belong  to  the  category  of  tufted  hairs  {Saurauja),  and  of 
multiseriate  shaggy  hairs  {Saurauja).  (ilandular  hairs  have  not  been  obscr\'ed 
in  the  Order.  On  the  other  hand,  the  leaf-teeth  are  occasionally  differentiated 
as  glands,  and  in  the  Marcgravieae  large  nectaries  visible  even  to  the  naked 
eye  are  found  on  the  lower  side  of  the  leaf.  The  cork-warts  must  not  be 
confounded  with  the  latter  ;  they  have  been  observed  on  the  lower  side  of  the 
leaf  in  many  members  of  the  Order  (species  of  A  nnesUa,  Camellia,  Caryocar, 
Eurya,  Marcgravia,  and  Ternsiroemia). 

Internal  secretory  organs  occur  in  four  forms  in  the  Order ;  firstly,  as 
cells  with  mucilaginous  membrane,  which  occur  in  many  species  in  the  epidermis, 
or  in  the  h>'poderm  of  the  leaf,  in  some  cases  (Archytaea  and  Bonnetia)  in 
the  mesophyll  also  ;  secondly,  as  secretory  cells  (in  the  midrib  of  the  leaf  of 
species  o!  Marcgrauia) ;  thirdly,  as  schizogenous  secretory  cavities  in  the  leaf- 
ti%9ue  ;  and  fourthly,  as  schizogenous  resin -canals  in  the  branch  and  in  the 
lander  veins  of  the  leaf  (both  kinds  in  the  genera  [of  the  Bonnetieae]  Kielmeyera, 
Caraipa,  Makurea,  Marila,  and  Haploclathra).  Transparent  dots  in  the  leaf 
are  caused  by  the  schizogenous  secretory  cavities,  and  sometimes  likewise  by  the 
mucilaginous  epidermal  cells  and  by  the  sclerenchyma-cells  of  the  mesophyll. 

Regarding  the  structure  of  the  wood  special  mention  should  l>e  made 
of  the  fact  that  most  members  of  the  Order  j)ossess  scalariform  i)erf orations 
with  numerous  bars  in  their  vessels  ;  simple  |KTforations,  however,  also  occur 
in  certain  genera,  either  in  a  subordinate  degree  or  as  the  prevalent  form,  or 
they  are  present  to  the  exclusion  of  the  other  tyj>e.  The  nature  of  the  vessel- 
wall,  where  it  is  in  contact  with  parenchyma,  varies,  either  ordinary  bordered 
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pits  being  present  at  these  places  {Marcgravia,  NaratUia,  Saurauja^  Stachyurus^ 
Ternstroemia  and  Visnea),  or  large  simple  pits  with  transitions  to  bordered 
pits  (Caryocaty  Gordonia,  Kidmeyeray  Stuartia) ;  other  features  showing  similar 
variation  are :  the  pitting  of  the  wood-prosenchyma,  which  is  either  simple 
(Caryocar)  or  more  or  less  distinctly  bordered ;  the  development  of  wood- 
parenchyma  and  the  breadth  of  the  medullary  rays ;  and  lastly,  the  place  of 
origin  of  the  cork,  the  phellogen  being  formed  either  by  the  epidermis,  or 
by  the  sub-epidermal  cell-layer  of  the  cortex,  or  by  a  layer  of  cells  situated 
in  the  middle  of  the  primary  cortex,  or  lastly  by  the  (pericyclic)  cell-layer 
immediately  on  the  inner  side  of  the  primary  hard  bast.  In  the  pericycle, 
isolated  groups  of  bast-fibres,  a  ring  of  bast-fibres  or  a  composite  and  con- 
tinuous sderenchymatous  ring  may  occur. 

2.  Structure  of  the  Leaf.  No  connected  research  on  the  leaf-structure 
of  this  Order  exists.  The  following  description  is  based  on  my  own  investiga- 
tion of  the  detailed  structure  of  the  leaf  in  some  few  representatives  of  the  six 
tribes  of  the  Order  (Caryocar  glabrum,  Pers. ;  Marcgravia  picta^  Willd. ;  Tern- 
stroemia detUaUiy  Sw. ;  Saurauja  napaulensisy  DC. ;  PeUiciera  sp.,  Sutton  Hayes 
n.  76,  Panama  ;  Gordonia  excelsa^  Bl. ;  Kielmeyera  angustifoliay  Pohl),  further, 
on  some  of  my  own  casual  observations  on  certain  anatomical  features  in  species 
other  than  those  just  named,  as  well  as  on  the  statements  of  Juel  as  to  some 
Marcgravieae,  of  Vesque  regarding  the  species  of  Eurya,  and  of  Blenk  as  to 
special  features  in  the  leaf  of  the  Temstroemiaceae. 

The  mesophyll  is  as  a  rule  bifacial  in  structure.  In  Caryocar  glabrum 
and  in  PeUiciera  sp.,  there  is  a  tendency  to  centric  leaf -structure.  In  Kiel- 
meyera angustifolia  the  whole  mesophyll  is  formed  by  palisade-tissue.  In 
leaves  of  bifacial  structure  the  palisade-tissue  consists  of  one  layer,  and  in 
that  case  either  of  long,  e.g.  in  Gordonia  excelsa^  or  short  cells,  e.g.  in  Marc- 
gravia pictay  or  of  more  than  one  layer  with  short  cells,  e.g.  in  Saurauja 
napaulensis.  The  palisade-tissue  of  Saurauja  napaulensis  (Fig.  29,  ^)  contains 
the  arm-palisade-cells  of  Haberlandt  in  a  well-marked  form.  The  folds  (of 
the  wall)  projecting  into  the  cell-lumen  here  appear  like  portions  of  simple 
longitudinal  walls  of  the  palisade-cells  and  only  mdicate  that  they  are  of  the 
nature  of  folds  by  a  small  swelling  at  their  ends ;  on  superficial  observation 
one  appears  to  be  dealing  with  ordinary  short  palisade-cells,  with  their  longi- 
tudinal walls  provided  in  some  cases  with  circular  perforations.  The  occur- 
rence in  the  mesophyll  of'sclerenchyma-cells  (Fig.  29,  S-Z>),  which  in  some 
cases  are  branched,  is  of  very  wide  distribution.  Among  the  plants  investi- 
gated by  me  these  elements  occur  in  the  above-named  species  of  Gordonia^ 
Marcgravia,  PeUiciera  and  Ternstroemia,  Blenk  met  with  them  in  certain 
species  of  A  nneslea,  Cleyera,  Frezieray  Gordoniay  Laplacea,  Afarc£raviay  NoranUay 
Pellicieray  Schimay  Souroubeay  Ternstroemia  and  Visnea,  and  Vesque  found 
them  in  some  species  of  Eurya,  In  form  the  sclerenchymatous  elements  in 
question  are  either  stellately  branched  on  all  sides,  and  in  that  case  are  more 
or  less  similar  to  the  so-called  internal  hairs  of  the  Nymphaeaceae  ;  or  they 
resemble  rod-cells  or  fibres  and  then  mostly  extend  perpendicularly  to  the 
leaf-surface  through  the  palisade-tissue  or  even  through  the  whole  thickness  of 
the  leaf  and  frequently  give  rise  to  transparent  dots ;  or,  on  the  other  hand, 
e.g.  in  Sourouhea  guianensisy  Aubl.,  they  are  fibre-like  and  traverse  tbe  meso- 
phyll in  all  directions  and  quite  irregularly.  In  PeUiciera  sp.  very  peculiar 
sclerenchyma  is  found  in  the  mesophyll.  In  two  planes  which  are  paialld  to 
the  surface  of  the  leaf  and  situated  below  the  first  layer  of  the  mesophyll  00 
both  sides,  numerous  long,  straight  sclerenchyma-cells  occur,  whidi  are  pointed 
at  the  ends,  unbranched,  and  hence  resemble  bast-fibres.  These  elements  arc 
arranged  parallel  to  one  another  and  at  the  same  time  in  an  oblique  dirK:t]on 
with  regard  to  the  median  vein. 
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Blenk  states  that  spicolar  cells  occur  in  the  foUowing  members  of  the  Order: 
CUytra  grandifhra^  Hook.  i.  et  Th.,  C.  ochnacea,  DC  ;  Freiiera  undukUa,  Sw. ; 
Gordonia  acuminata^  Choisy,  G.  excelsa,  BL,  G.  Haemaioxylon^  Sw.  (^Lapiacea  Ha$' 
matoxylon^  G.  Don),  G.  obtusa,  WalL,  G.  WaUichii,  DC  ;  Schima  Noronhae,  Reinw. 
These  spicalar  cells  traverse  the  palisade-tissue  or  often  even  the  whole  thickness  of 
the  leaf  perpendicularly  to  its  surface;  according  to  my  own  investigations  they 
are  either  like  rod-cells  and  scarcely  branched  (Frexiera  undulata,  Sw.,  Fig.  29,  B)» 


Fio.  so.    A,  TrsBsrene  tection  thro«£h  part  of  tht  leaf  (apper  tide)  of  Smurmu/m  nm^m$tUmsis,  DC,  with 
tliukde  parrachyma.     ■,   Part  ct  a  traatrerM  lectioa   of  Uk    *     '     '   "      *  *  .  .     «  -.^    - 

UpiMMit  gptdrroial  cell  and  with  rod-«haped  nricmla  ,       .  ^        . 

il.  rt  Tbaan. ;  c,  in  a  transvene  aection  of  the  (eaf ;  D,  in  a  aapenkial  tectioa  of  the  a|iper  side  of  the  leaf. 


ana  pali 


the  leaf  of  FrtMurm 
C-D,  Spicalar  cells  of  CUyerm  gr*\ 


with  a 
Hook. 


■»  Secretory  cavitr  in  a  mesh  between  the  veins  of  Cmrmipm  /mtcicmlmi^  Camb. : 
alar  bandies  of  the  veias  to  the  secretory  cavity.*— Original. 


tracheae  extend  from  the 


or  they  are  more  branched  (CUyera  grandiflora^  Hook.  fiL  et  Th.,  Fig.  29,  C-D) ; 
in  the  latter  case,  the  branches  are  spread  out  in  a  plane  traversing  me  palisade- 
tissue  at  hffht-angles  and  lying  parallel  to  the  leaf-surface  immediately  below  the 
epidermis  of  the  upper  side.  Branched  sderenchyma-cells,  in  part  analogous  to  the 
hairs  of  the  Nymphaeaceae,  are  mentioned  by  Blenk  in  the  foUowing  species : 
AnnesUa  cfassip€St  Choisy ;  Marcgravia  pawvi flora.  Rich,  var.,  M.  ^'c/a,  WUld.  (in 
these  they  are  only  shshtly  branched  and  only  found  in  the  midrib) ;  NoranUa 
mdmmaniium^  Camb.,  N.  brasiii^ntis^  Choisy,  N.  guiansntis^  AubL,  N.  iapur^ntis^ 

K 
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Mart,  (in  these  they  are  likewise  little  branched  and  are  only  in  the  midrib) ; 
T^mstroemia  japonica^  Thunb.,  T,  japonica,  Sieb.  et  Zucc,  T.  Ltiskia^  Bach.-Hamilt. 
In  Visnea  Mocanera,  L.  i,  Blenk  merely  refers  to  sderenchyma-cells.  The  groups 
of  cells  in  the  leaf-tissue  of  Pelliciera  sp.  (Sutton  Hayes),  described  by  Blenk  as 
roundish  nests  of  sderenchyma,  are  spherical  croups  of  enlar^;ed  terminal  tracheides 
with  bordered  pits.  The  sclerenchyma-cells  observed  by  me  m  the  leaf-tissue  of  the 
above-named  species  of  Gordania,  Marcgravia,  and  lemstro^mia^  belong  to  the 
category  of  branched  sclerenchyma-cells  ;  as  do  also  the  sclerench3anatous  elements 
in  the  mesophyll  of  Camellia  Thea,  Link,  which,  as  is  weU  known,  form  an  important, 
though  not  absolutely  constant,  character  of  the  eenuine  tea-leal  The  sderenchyina 
which  Vesque  met  with  in  the  leaves  of  Bury  a  pHyUanthoidss,  BL  and  E.  clandssHna, 
BL  consists  of  fairly  isodiametric  or  very  shortly  branched  cells.  The  special  sderen- 
chyma-fibres  in  the  leaf  of  Souroubea  guianensts  and  Pellicura  sp.  have  already  been 
fully  discussed  above. 

The  epidermal  cells  of  the  leaves  have  either  straight  or  undulated  lateral 
walls.  Papillose  differentiation  of  the  epidermal  cells  has  been  observed  in 
Saurauja  napauUnsis  on  the  upper  side  of  the  leaf,  in  Haplaciaikra  leianUuL, 
Benth.  on  the  lower  side.  According  to  Vesque  hypoderm  is  present  on  the 
upper  side  of  the  leaf  in  Eurya  casianeifolia^  Vesque,  E.  oavtmrvis^  Vesque, 
£.  sanguinea^  Vesque,  E,  sandvichensis^  A.  Gray,  and  £.  symflocina^  Bl. ;  ac- 
cording to  my  own  observations  hypoderm  is  present  in  Archyiaea  triflora^ 
Mart,  (on  the  upper  side  and  two-layered),  in  Banneiia  anceps^  Mart,  et  Zucc. 
(on  the  upper  side  and  one-layered),  in  PeUiciera  sp.  (on  both  sides  and  one- 
layered)  and  in  Saurauja  napauUnsis  (on  the  upper  side  and  two-layered). 

Gelatinization  of  the  epidermal  cells  of  the  leaf  is  by  no  means  rare  in  the 
Order.  It  is  described  by  Blenk  in  several  species  of  NaranUa  (iV.  adamantium, 
Camb.,  N.  brasUiensis^  Choisy,  N.  guianensis^  Aubl.,  and  iV.  japurensis^  Mart.), 
by  Vesque  for  those  species  of  Eurya  which  possess  no  hypoderm,  and  it  occurs 
also  in  Gordonia  excetsa,  Caryocar  glabrum,  and  Frexiera  undulaia.  In  Arcky- 
Uua  triflora  individual  ceils  and  in  aonneiia  anceps  all  the  cells  of  the  hypoderm 
have  mucila^^ous  inner  walls.  It  may  be  added  that  cells  with  mucilaginous 
membrane  also  occur  in  the  mesophyll  of  certain  species.  In  Ard^iaea  ^fiora^ 
mucilaginous  cells  are  found  in  the  mesophyll  which  is  formed  entirely  by 
palisade-tissue ;  mucilaginous  cells  occur  also  in  the  spongy  parenchyma  of  th^ 
oifacially  constructed  leaf  of  Bonnetia  anceps. 

Stomata  are  usually  present  only  on  the  lower  surface  of  the  leaf.  They 
have  been  observed  in  small  numbers  on  the  upper  side  of  the  leaf  of  Marcgra- 
via  picta.  The  type  of  stoma  is  not  uniform.  While  in  the  Bonnetieae,  the 
Rubiaceous  type  is  quite  generally  ^  distributed  (i.e.  the  pair  of  guard-cells 
is  accompanied  by  subsidiary  cells,  which  lie  parallel  to  the  pore),  in  the  members 
of  the  remaining  tribes  the  stoma  is  surrounded  by  from  tnree  to  six  epidermal 
cells,  which  in  certain  species  (but  not  in  all)  are  differentiated  like  subsidiary 
cells.  Thus  the  guard-ceus  of  Gordonia  excelsa  have  three  distinct  subsidiary  cells; 
the  stomatal  apparatus  of  Marcgravia  picta  is  surrounded  by  four  epidermal 
cells  differentiated  like  subsidiary  cells ;  in  Saurauja  nabauUnsis^  also,  the 
stomata  are  surroimded  by  three  subsidiary  cells,  rarely  oy  a  larger  number 
of  epidermal  cells ;  in  Caryocar  glabrum^  on  the  other  hand,  one  meets  with 
three  or  four,  in  Temstroemia  deniata  and  in  the  leaf  of  the  tea-plant  with  four 
to  six  not  specially  conspicuous  epidermal  cells  surrounding  the  ^uard-cells. 

The  vascular  bimdles  of  the  veins  are,  as  a  rule,  accompanied  by  varying 
amounts  of  sclerenchyma  with  thick  walls  or  wide  lumina,  and  are  either  em- 
bedded in  the  mesophyll  (in  Caryocar^  Gordonia^  Marcgravia  and  TmmsirommiM^ 


^  The  following  Bonnet ieae  were  inrcttigated  by  me  with  rmxd  to  the  occurreocc  of  tht  Rabiaoroat 
type :  B^mmiia  antics.  Mart,  et  Zucc.,  Arckytoia  trt/Urm,  Mmit.,  Kiilwtgytrm  mmputifdim^  Pobl. 

Sw.,  and  Hmplsel^Mrm  UiamiJU,  fientfa. ;  that  tpcdet  of  aU  tetcn  genera  are  iadadad. 
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and  also  Camellia  Tkea),  or  are  vertically  transcurrent  (in  Kielmeyera  and 
Sawtauja^  and  also  in  Caraipa  fasciculala^  Camb.).  Enlarged  terminal  tracheides 
have  been  observed  not  uncommonly,  e.g.  in  PellicUra  sp. 

The  general  features  of  the  leaf-structure  having  been  discussed  we  may  now 
refer  to  the  interesting  fact,  demonstrated  by  Tuel,  that  the  dimorphic  leaves 
of  Mmrcgravia  show  different  types  of  anatomical  structure.  The  laree  leaves  of 
the  fertOe  branches  of  Marcgravia  coriacea,  Vahl  have  a  one-layerea  h3rpoderm 
on  both  sides  of  the  leaf  ;  the  chlorophyll-bodies  in  the  assimilatory  tissue  are  only 
$-9  ^  m  diameter.  In  the  same  species,  on  the  other  hand,  the  small  leaves  belonging 
to  the  root-producing  and  chmbing  sterile  branches  have  no  hypoderm,  while  the 
epidermal  cells  of  the  upper  side  of  the  leaf  are  papillose  and  accompanied  by  stomata ; 
farther,  the  chlorophyll-grains  in  the  small  leaves  are  20  fi  long  and  10  /i  broad. 

Oxalate  of  lime  is  excreted  in  the  form  of  raphides,  styloids,  clustered 
crystals,  and  ordinary  solitary  crystals.  Raphide-sacs  are  stated  by  Blank 
to  occur  in  almost  all  the  representatives  of  the  two  tribes  Marc^ravieae  (in 
Marcgravia^  Souroubea^  NoranUa)  and  Sauraujeae  examined  by  him  (m  A  ctinidia 
and  Saurauja  ;  but  not  in  Siachyurus  praecox^  Sieb.  et  Zucc,  where  raphides 
are  absent  in  axis  and  leaf)  as  well  as  in  the  genus  Pelliciera  belongmg  to 
the  tnbe  Gordonieae.  These  raphide-sacs  are  mostly  characterized  by  muci- 
lagmous  contents  and  frequently  give  rise  to  pellucid  dots  in  the  leaf.  It  is 
worthy  of  note,  that  in  certain  species  of  Saurauja  and  likewise  in  Pelliciera 
sp..  the  raphide-cells  are  partly  replaced  by  elongated  cells,  lying  parallel  to 
toe  surface  of  the  leaf  ana  containm^  either  a  single  acicular  crystsu  (styloid) 
or  even— in  species  of  Sa«ra«;a  according  to  Blenk— a  series  of  apparently  cubic 
cr>'stals  lying  in  a  row.  The  features  presented  by  the  crystals  in  the  genera 
of  the  remaining  tribes  are  briefly  as  follows.  In  Caryocar  glabrum,  belonging 
to  the  tribe  Rhizoboleae,  I  have  only  met  with  ordinary  solitary  crystals  in 
the  mesophyll  and  accompanying  the  vascular  bundles  of  the  veins.  In 
Ternstroemia  dentata  I  found  clustered  crystals  only ;  Blenk  found  the  same  in 
Visnea  Stocanera^  L.,  belonging  to  the  same  tribe  (Temstroemieae).  Among 
the  (^fordonieae  Blenk  describes  clustered  crystals  in  Stuartia  monadelpha^  Sieb. 
et  Zucc,  solitary  crystals  in  other  species  of  the  same  genus  ;  I  have  only 
obser\'ed  clustered  crystals  in  Gordonia  excelsa  and  Camellia  Thea.  Kielmcyera 
anguUifolia^  of  the  tribe  Bonnetieae,  contains  clustered  crystals  in  the  leaf- 
tissue.  Mention  should  also  he  made  of  the  fine  acicular  crystals,  which  occur 
in  the  epidermis  of  the  dried  leaf  of  Anneslea  crassipes,  Choisy,  and  are  mostly 
fntMiped  in  bundles ;  nothing  further  is  known  as  to  their  nature,  but  they 
dissolve  neither  in  eau  de  Javelle  nor  in  sulphuric  acid;  Vesque  met  with 
sphaerocr>'Stalline  masses,  which  likewise  require  further  investigation,  in  the 
mucilage  of  the  epidermal  cells  in  numerous  species  of  Eurya  (e.g.  in  Eurya 
acuminata,  DC.  var.  Wallichiana). 

Internal  secretory  organs  appear  under  four  forms  in  this  Order,  asmucila- 
gmous  cells,  secretory  cells,  schizogenous  resin-cavities,  and  schizogenous  resin- 
canals.  The  cells  with  mucilaginous  membrane,  which  occur  not  only  in  the 
r|>iderTOis  and  hypoderm,  but  also  in  the  middle  of  the  mesophyll,  have  already 
been  discussed  aoove.  Blenk  has  obser\'ed  s«*crctory  cells  in  the  neighbour- 
hood of  the  midrib  of  the  leaf  in  species  of  Marcgravia  (M.  picia,  Willd.  and 
.1/.  parnfiora  Rich.  var.).  These  elements  have  a  roundish  or  oval  shai)e  ; 
their  colourless  contents  do  not  dissolve  in  alcohol,  but  easily  in  ether  (fat  ?). 
The  schizogenous  resin-canals  and  resin-cavities  occur  only  in  the  Bonnetieae, 
where  they  are  present  in  the  majority  of  the  genera,  namely,  in  Kielmeyera^ 
Caratpa^  Makurea^  Marila  and  Haploclathra,  but  not  in  Bonnetia  and  Archytaea. 

The  secretory  canals  in  the  branches  have  been  investigated  by  Van  Tieghem  : 
they  wUl  be  discussed  in  detail  in  the  section  on  the  structure  of  the  axis.     According 
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to  my  own  investigations,  which  extended  to  the  species  of  the  seven  genera  of  the 
Bonnetieae  already  named  in  the  note  on  p.  1 30,  the  secretory  canals  pass  out  from 
the  stem  into  the  leaf,  where  they  are  occasionally  to  be  met  with  above  or  below  the 
vascular  bundle-system,  even  in  the  small  veins ;  but  they  are  never  found  run- 
ning free  in  the  mesophyll,  as  is  the  case  in  many  Guttiferae.  But  in  their  place 
(and  I  publish  the  izct  here  for  the  first  time)  schizogenous  secretory  cavities  of 
spherical  or  elongated  form  occur  in  the  mesophyll  of  those  Bonnetieae  which  are 
provided  with  resin-canals.  These  schizogenous  secretory  cavities  are  usually 
visible  even  to  the  naked  eye,  as  transparent  dots  or  lines,  in  one  group  of  the  species 
without  further  preparation,  in  another  group  after  cutting  the  leaf,  while  in  a  third 

foup  of  species  tney  can  only  be  demonstrated  by  microscopic  examination, 
have  determined  the  presence  of  these  secretory  cavities  in  the  following  mcies  : 
Kielmeyera  angustifolia^  Pohl  (folia  epunctata)  and  K.  panicuUUa^  flusby  (f.  pellu- 
cido-punctata  et  Uneolata) ;  Caraipa  fascictUaia,  Camb.,  and  C.  glabraia.  Mart. 
(f.  epunctata) ;  Mahurea  palustris,  AubL  (i  obtecte  peUuddo-punctata  et  lineolata) ; 
Marila  racemosa,  Sw.  (f.  pelluddo-punctata  et  lineolata),  M.  iaxiflora^  Rusby  (f.  pelL- 
punct.) ;  Haploclathra  leiantha,  JBenth.  (f.  pelL-punct.),  H.  paniculata^  Benth. 
(f.  obtecte  pelL-punct.).  The  spherical  secretory  cavities  of  the  two  species  of 
Caraipa  cited  (Fig.  29,  E)  are  specially  noteworthy  in  that  they  occur  singly  in 
each  mesh  of  the  veins,  and  are  surrounded  by  loose,  spongy  tissue,  and  in  that  spiral 
tracheides  adjoin  the  secretory  cavity  on  one  or  on  several  sides,  these  tracheides 
branching  off  from  the  vascular  bundles  of  the  veins  which  bound  the  mesh ;  a 
similar  arrangement  also  occurs,  as  is  well  known,  in  the  Guttiferous  genus,  Cato- 
phyllum.  Lastly,  attention  may  be  drawn  to  the  fact  that  the  genera  of  the  Bon- 
netieae, apart  from  Bonneiia  and  Archvtaea,  approximate  closely  to  the  Guttiferae 
in  their  anatomy  by  the  possession  of  resin-canals  and  secretory  cavities ;  more- 
over, the  same  type  of  stoma  is  found  in  both  these  orders,  namely  the  Rubia- 
ceous  type.  Whether  this  circumstance  is  of  importance  for  the  further  elaboration 
of  the  Natural  System,  can  only  be  determined  by  a  comparison  with  the  exomorphic 
features.  At  any  rate,  those  Bonnetieae  which  are  distinguished  by  the  possession 
of  schizogenous  resin-receptacles,  are  also  connected;  with  the  other  Bonnetieae, 
L  e.  the  two  genera  Bonneiia  and  Archytaea^  by  means  of  a  further  anatomical 
feature,  the  type  of  stoma. 

Although  a  hairy  covering  is  not  exactly  common  in  this  Order,  yet 
various  forms  of  hairs  have  been  shown  to  occur.  In  Caryocar  glabrum  the 
formation  of  hairs  is  only  indicated  by  single  cells  of  the  lower  epidermis 
exhibitiog  a  small  papillose  apiculus.  Gordonia  excelsa  and  the  leaf  of  the  tea- 
plant  possess  long  unicellular  thick- walled  hairs.  Variously  branched  trichomes, 
which  have  thin  walls  and  wide  lumina  and  consist  of  relatively  short  cells, 
occur  in  Saurauja  napauUnsis  (Fig.  30,  A).  Specially  characteristic  hairs 
have  been  observed  in  Marila  racemosa^  Caraipa  fasdctUaia,  and  C.  glabraU 
(Fig.  30,  B),  namely,  tnchome-structures  resembling  small  stellate  hairs  or  scales, 
and  usually  consisting  of  only  one  cell  besides  a  short  stalk-cell*  which  is  some- 
times (but  not  always)  present ;  this  cell  is  produced  into  fairly  numerous 
arms,  some  of  these  being  forked,  and  all  of  them  lying  in  one  plane ;  in  Caraipa 
glabrata  I  have,  in  isolated  cases,  also  met  with  a  secondary,  vertical  division- 
wall  in  the  shield.  O.  Bachmann  has  described  entirely  different  hairs  in 
Saurauja  spadicea^  Bl.,  namely,  multicellular,  scale-like  tncbomes^  which  pro- 
perly belong  to  the  category  of  tufted  hairs ;  their  ray-cells,  which  arc  fairly 
thin-walled  and  free  at  theu:  ends,  and  which,  moreover,  now  and  then  show 
a  transverse  wall,  are  spread  out  horizontally,  and,  lying  one  above  another 
in  more  than  one  layer,  form  a  small  scale-like  structure  (Fig^  30,  C).  Lastly, 
we  may  mention  the  shaggy  hairs  of  Saurauja  napaultnsis  (Fig.  30,  D),  whidi 
vary  in  len|^th,  are  conical  or  filiform,  and  pomted  at  their  ends ;  the  superficial 
cells,  especially  at  the  end  of  the  hair,  have  projecting,  papillose  tips. 

Glandular  hairs  have  not  been  observed  m  the  Order.  Of  the  glands,  which 
Wittmack  (in '  Flora  brasiliensis,'  vol.  xii,  i,  p.  214  et  seq.)  describes  *  as  occurring 

*  Cf.  Delpino,  Mem.  Accsd.  Bologaa,  1886^  p.  304. 
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in  varying  numbers  on  the  leaves  in  species  of  the  genera  Marcgravia^  NoranUa^ 
Ruysaiia^  and  Souraubea  (Marcgravieae),  those  of  Marcgravia,  at  any  rate, 
are  in  part  identical  with  cork-warts  (e.c'.  according  to  my  own  investiga- 
tion, those  of  M.  SinUnisii^  Urb.,  in  which  plant  the  lower  side  of  the  leaf 
bears  abundant  black  dots  owing  to  the  organs  in  question),  the  cells  of  which 
are  filled  with  brown  tanniniferous  contents.  Similar  structures  resembling 
cork-warts  or  lenticels  had  previously  been  observed  in  other  members  of  the 
Order  by  Borzi,  E.  Bachmann,  and  others,  e.g.  in  Anmslea  crassipes.  Camellia 
mxiUawis  and  C.  japonica^  Caryocar  glabrum^  Eurya  latifolia  and  Temstroemia 
denUUa,  True  nectaries,  however,  of  large  si2e  also  occur  in  the  Marcgravieae ; 
they  are  present  in  various  positions  on  the  lower  side  of  the  leaf  as  circular 
or  elliptioJ  depressed  spots.  I  have  examined  them  in  detail  in  NaranUa 
droserifarmis^  Rusby.  The  depression,  which  is  often  filled  with  a  brown  secre- 
tion, is  lined  by  a  small-celled  epidermis,  which  in  part  contains  mucilage; 
adjoining  the  epidermis  we  find  numerous  sclerosea  and  pitted  parenchy- 
matoos  cells,  the  latter  being  in  connexion  with  the  bundles  of  the  veins.  In 
addition  to  the  nectaries  mentioned  above,  the   leaf-teeth   also  figure  as 


FM.  |0.  Hairy  toming  ot  the  TernttroeintaceAr.  A,  branched  trkbome  of  Samrau/a  napamUnsis,  DC. ; 
■.  lo»*r  tpfckfiii  of  tlM  leaf  of  Carmipa  jlabratm^  Mart.,  with  stellate  haire ;  C,  scale  of  iimurmuja  tfadiota^  Bl. ; 
a.  ifcsm  Wr  o#  Smmrmmja  iM/«MiWi/i^aIK:.— OrifioaL 

secretory  organs,  e.^.  in  Camellia  japonica ;  they  contain  the  termination  of 
a  vascular  bundle  m  connexion  with  an  epithemoid  tissue,  and  above  the 
latter  a  secretory  epidermis  of  palisade-like,  radially  elongated  cells. 

3.  SnucTURE  OF  THE  Axis.  Besides  my  own  general  preliminary  investi- 
ntions  on  the  structure  of  the  wood  (in  species  of  Caryocar^  Marc^ravia, 
SofanUa^  Temstroemia^  Visnea^  Saurauja,  Stachyurus,  Stuariia^  Gordanta,  and 
Kteimuyera)^  there  are  earlier  researches  by  Molisch  on  species  of  Ternstroemia 
and  CamuUia  and  more  recent  work,  which  is  unfortunately  not  very  clearly 
presented,  by  Hitzemann  on  species  of  Visnea^  Ternstroemia,  CUyera^  Freziera, 
bmya^  Auinidia^  Saurauja^  Stachyurus,  Stuariia,  Schima,  Gordania,  Laplacea^ 
and  Camellia.  The  last-named  memoir  also  contains  statements  regarding 
the  structure  of  the  cortex. 

The  vessels  have  lumina  of  varied  size  (maximum  diameter » -09  nmi.  in 
Kielmeyera  coriacea^  Mart. ;  -03  mm.  in  Temstroemia  japonica,  Thunb.).  The 
breadth  of  the  meduUary  rays  also  varies.  In  Marc£ravia  and  NoranUa,  in 
addition  to  narrow  medullary  rays,  I  have  observed  broad,  5-6-seriate  rays, 
but  in  the  remainder  of  the  s{>ecies  investigated  by  me,  narrow,  1-3-seriate 
nys  only.    Broad,  s-^-seriate  medullary  rays  are  also  stated  by  Molisch  to 
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occur  in  Ternstroemia  meridionalis.  The  nature  of  the  pitting  found  on  the 
vessel-wall  where  it  is  in  contact  with  the  parenchyma  of  the  medullary  rays 
also  varies ;  Marcgravia^  NoranUa^  Ternstroemia^  Visnea^  Saurauja^  and 
Stachyurus  have  bordered  pits  on  these  walls,  while  Caryocar,  Stuartia^  Gar- 
donia,  and  Kielmeyera  have  large  simple  pits  with  transitions  to  bordered  pits. 
The  perforations  of  the  vessels  are  scalariform  in  most  members  of  the  Oroer. 
According  to  the  investigations  hitherto  carried  out  scalariform  perforations 
appertain  especially  to  the  members  of  the  Temstroemieae,  Sauraujeae,  Gor- 
donieae,  and  Marcgravieae,  simple  perforations  to  the  Rhixoboleae  and 
Bonnetieae ;  in  almost  all  the  Temstroemiaceae,  however,  a  tendency  to  the 
formation  of  scalariform  perforations  appears  to  be  present,  for  even  in  the 
two  tribes  last  named  scalariform  perforations  with  few  bars  are  usually  present 
in  subordinate  nimibers  side  by  side  with  the  simple  perforations. 

Exclusively  scalariform  perforations,  which  sometimes  have  very  numerous  bars, 
have  been  observed  in  species  of  Visnea,  Cleyera,  Frexiera,  Ternstroemia^  and  Eurya 
(Temstroemieae) ;  Acttnidia,  Saurauja,  and  Stachyurus  (Sauraujeae) ;  Stuartia^ 
Schima,  Gordonia,  Laplacea,  Camellia  (Gordonieae).  Simple  perforations  have  been 
found  in  species  of  Marcgravia — exclusively ;  Norantea — together  with  predominat- 
ing, scalariform  perforations  which  have  as  many  as  nine  bars  (Marcgravieae) ; 
Caryocar — together  with  i-2-barred  perforations  in  the  neighbourhood  of  the  primary 
wood  (Rhizoboleae) ;  Actinidia — together  with  scalariform  perforations  (Saurau- 
jeae) ;  Kielmeyera — exclusively  simple  or  together  with  scalariform  openings,  and 
Marila — exclusively  simple  (Bonnetieae). 

Spiral  thickening  has  been  met  with  on  the  vessel- wall  in  Stachyurus  ptaecox^ 
Sieb.  et  Zucc,  and  Ternstroemia  japonica,  Thunb.,  on  the  ends  of  the  segments 
of  the  vessels  in  Visnea  Mocanera,  L.,  and  Stuartia  monadelpha^  Sieb.  et  Zucc. 
The  wood-parenchyma  is  usually  little  developed,  but  more  abundantly  in 
Stuartia,  Regarding  the  pitting  of  the  wood-prosenchyma  the  following  state- 
ments are  derived  from  my  own  observations.  Typical  bordered  pits  occur  in 
Ternstroemia  Visnea^  Saurauja^  Actinidia^  Stachyurus^  Stuartia^  and  Gordonia^ 
simple  pits  in  Caryocar.  The  pits  of  the  prosenchyma  of  Marceravia^  Norantea^ 
and  Kielmeyera  are  small  but  usually  distinctly  bordered.  Septation  of  the 
prosenchyma  by  means  of  delicate  cross-walls  has  been  observed  m  Marcgravia^ 
rforantea^  and  Caryocar. 

The  following  facts  should  be  mentioned  regarding  the  structure  of  the 
cortex.  The  place  of  origin  of  the  cork  varies,  but  in  most  of  the  Temstroemia- 
ceae (species  of  Ruyschia,  Visnea,  Ternstroemia,  Frexiera,  Eurya,  Actinidia^ 
Saurauja,  Schima,  Gordonia,  Bonnetia,  Kielmeyera,  Caraipa,  and  Maritm)  the 
subepiaermal  cell-layer  becomes  the  phellogen.  In  Hapiodathra,  on  tiie  other 
hand,  the  periderm  arises  in  the  middle  of  the  primary  cortex,  in  CameUia  in 
the  pericycle  on  the  inner  side  of  the  primary  hard  bast.  The  cork-cells  vary  in 
their  nature.  They  are  not  uncommonly  thickened  on  their  inner  tangential 
walls  (Camellia  japonica,  Cleyera  gymnan^iera,  &c.).  In  Stuartia  gra$id%fiora  the 
cork-cells  have  thin  walls.  Sclerosed  cells  are  intercalated  as  layers  in  the 
thin-walled  cork  of  Caraipa  tereticaulis.  In  Kielmeyera  tomentosa  the  cork 
contains  unsuberized  cells  with  thin  walls  in  addition  to  the  typical  oork-cells. 
Formation  of  phelloderm  sometimes  occurs  in  the  Order,  e.g.  in  Hmptodatkra 
paniculata  and  Kielmeyera  tomentosa,  in  which  the  phellodenn  is  fonned  by 
cells  thickened  in  the  form  of  a  U. 

The  pericycle  either  contains  isolated  groups  of  bast-fibres  (species  of 
Cleyera  and  Gordonia),  or  a  ring  of  bast-fibres,  or  a  composite  and  continuous 
sclerenchymatous  ring  (species  of  Actinidia,  Eurya^  Fregiera^  Kidmayera^ 
Saurauja,  Schima,  Stachyurus,  Ternstroemia,  Visnea).  In  the  secondary  bast 
only  sclerenchyma  in  the  form  of  rod-cells  is  known  (in  small  amount  in 
Schima  Kashiana). 
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The  pith  has  been  accurately  investigated  only  in  species  of  Stuartia  and 
in  CameUia  jafxmica^  and  in  these  plants  it  is  reticulately  heterogeneous.  That 
is  to  say,  the  peripheral  part  of  the  pith  consists  of  smaller  active  cells,  the 
central  part  chiefly  of  larger,  empty  cells,  but  traversed  by  bands  of  active 
cells. 

Sderenchjmia  in  the  ground- tissue  of  the  axis — in  the  pith  and  primary 
cortex — is  of  very  wide-spread  occurrence  in  the  Order.  The  same  different 
types  of  spicular  cells,  which  were  fully  described  above  as  occurring  in  the 
leaf-parenchyma,  reappear  in  the  ground-tissue  of  the  axis  in  those  species, 
whioi  possess  them  in  the  leaf.  Moreover,  ordinary  stone-cells  or  groups  of 
them  are  also  common  in  the  ground-parenchyma  of  the  axis  in  Uie  Tem- 
stroemiaceae.  It  may  be  mentioned  that  in  Actinidia  the  peripheral  part  of 
the  pith  is  formed  by  a  cylinder  of  stone-cells,  which  encloses  the  inner  thin- 
walled  pith,  and  that  in  species  of  CUyera,  Eurya,  Freziera^  Temsiroemia^ 
and  Visnea^  the  stone-cells  of  the  pith  are  arranged  in  the  form  of  horizontal 
diaphragms. 

Finally,  the  features  presented  by  the  secretions  and  cr5^tals  of  the  axis 
may  be  referred  to.  The  secretory  canals,  which  have  already  been  shortly 
discussed  under  the  leaf-structure,  are  only  present  in  the  genera  of  the  Bonne- 
tieae  (excluding  Bonndia  >  and  Afchytaea\  i.e.  in  Kielmeyera^  Caraipa^  Mahurea^ 
Marila^  and  Haploclalkra.  According  to  Van  Tieghem  they  are  found  in  the 
branch  either  only  in  the  pith  and  primary  cortex  {Kidmeyera^  Marila\  or  in 
the  outer  part  of  the  bast  as  well  {taraipa,  Mahutea^  HaphckUkra — according 
to  K.  Miiller  in  Kidmeyera  excelsa  also).  The  features  presented  by  the  cr3^tab 
of  the  axis  correspond  to  those  of  the  leaf.  In  the  Sauraujeae  and  Marcgravieae 
raphide-sacs  are  found  in  the  axis,  and  elsewhere  clustered  cr3^tals  and  ordinary 
solitary  crystals.  Hitiemann  has  observed  sphaerocrystalline  masses  (gypsum  ?) 
in  the  pith  of  AcHnidia  polygama. 

Anomaloas  structure  of  the  axis  does  not  occur  (H.  Schenck)  even  in  the 
lianes  belonging  to  the  Order  (Actinidia  and  species  of  Marcgravia), 

Appendix  :    On  thb  genus  Microsemma, 

The  anomalous  genus  Microsemma  (Af.  saiici folia,  Labill.  and  Af.  Balansae^ 
BailL).  which  is  placed  by  Bentham  and  Hooker  at  the  end  of  the  tribe  Gordonieae, 
has  recently  been  investigated  bv  Van  Tieghem  with  regard  to  its  anatomical  charac- 
ters. The  investigation  showed  that  the  appearance  of  sderenchyma-fibres  in  the 
mesophyll  recalls  analogous  features  in  the  Temstroemiaceae,  but  that  the  phloem- 
masses  m  the  branch,  which  are  narrowed  outwards  in  the  form  of  wedges,  and  are 
stratified  into  hard  and  soft  bast,  indicate  an  approach  to  the  Tiliaceae.  Passing  to 
other  characters,  the  foUowing  statements  may  oe  made  regarding  the  anatomy  of 
the  genus.  The  stomata  occur  only  on  the  lower  surface  of  the  leal.  Cork-forma- 
tion takes  place  in  the  outermost  cell-layer  of  the  primary  cortex  of  the  branch* 
The  cork-cells  are  flat  and  considerably  thickened  on  their  inner  tangential  walls. 
Fibrous  sderenchyma-ceUs  are  present  in  the  primary  cortex  as  weU  as  in  the  leaf- 
tissue.  The  xylem  has  normal  structure,  ana  possesses  uniseriate  medullary  rays. 
Oxalate  of  lime  is  excreted  in  the  form  of  ordinary  solitary  cr3rstals.  The  hairv 
covering  of  the  branch  consists  of  unicellular,  hammer-shaped  (i.e.  two-armed  ?), 
sclerotic  hairs,  the  walls  of  which  appear  as  though  spirally  thickened.  As  the  genus 
in  question  has  recently  been  referred  by  Baillon  to  the  Thymelaeaceae,  it  may  be 
pointed  out  that  the  vascular  bundles  are  simply  collateral  in  structure,  which 
does  not  accord  with  classification  among  the  Thymelaeaceae 

Litrrmtorv:  Rdnke,  Sekrctiootorg.,  Pringilieim  Jmhrb.,  Bd.  x,  1876,  p.  167.— Moll^.  HoUstr., 
Denkichr.  Wicoer  Akmd.  1876,  pp.  81  and  377.— MoUich,  Vergl.  Anmt.  a.  Ebeoac  etc,  Sitx.-Ber. 
\\  icner  Akad.,  Bd.  Uxx,  AbC.  i,  1879,  p.  54  et  tcq.— Wiiunmck.  Marcgnv.,  Verb.  hot.  Vcr.  Prov. 

*  K.  MiiUcr't  itatcmeiit,  that  a  plant  described  by  bim  at  B^mmstia  t^mmUsm  poeaeties  icstn-caDals, 
It  to  be  explatDcd  by  tbe  &ct  tbat  tbere  is  clearly  a  mistake  in  tbe  naming  of  tbe  genos  as 
Bnmttim  instead  of  Kuhmftrm  (witb  regard  to  this,  see  also  Van  Tieghem). 
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Brandenburg,  Bd.  zzi,  1879,  p.  43. — E.  Bacfamann,  Korkwnch.,  Pringiheim  Jahrb.,  Bd.  zU,  1879-S1, 
pp.  194  and  305  etseq.— K.  MQller,  Engler,  Bot  Tahrb.,  Bd.  iJ,  1881,  p.  453  et  seq. — MoUer,  Rindcs- 
anat.,  i88a,  pp.  351. — Blenk,  Flora  1884,  p.  306  et  seq.,  separate  copy,  pp.  jfi-io, — Van  Tieghem, 
Bull.  Soc.  bot  de  France  1884,  p.  148. — Mentovich,  Mark,  Klausenbnrg,  1885,  Himgariaii,  abstract 
in  Just  1885,  i,  p.  787.— Solereder,  Holzstr.,  1885,  pp.  78-81. — Van  Tieghem,  Ann.  ic.  nat.,  ler.  7, 
t.  iy  1885,  pp.  43-6. — O.  Bachmann,  Schildh.,  Flora  1886,  separate  copy,  p.  31. — Bord,  Alcime 
lenticelle  fogliari,  Malpighia  i,  1886,  p.  319  et  seq.  and  Tal  v.— Hitzemann,  Vergl.  Anal.  d.  T.  etc, 
Diss.,  Kiel,  pp.  9-57  and  77-84.— Juel,  Anat.  d.  Marcgraviac.,  Bihang  K.  STrensiui  Vetensk.-Akad. 
Handl.,  Bd.  xii,  1887,  abstract  m  Just  1887,  ii ;  see  also  the  same,  Bot  CentralbL  1888,  i,  p.  37.— 
Donliot,  Piriderme,  Ann.  sc.  nat,  s^r.  7,  t.  x,  1880,  pp.  336,  337.— J.  E.  Weiss,  KorkbOd.,  Denkschr. 
Regensb.  bot.  Gesellsch.  185)0,  separate  copy,  p.  d(S.--Szyszylowicz,  in  NatiirL  Pflanxenfiaiiu,  iii.  Teil, 
"  -      ^      -    ■  iilg,  in -^ -" ^    " 

AnnT  sc.  nat,  s^r.  7,  t.  xvii,  1893,  pp'.  358^0.— ^teppnhn,  Vergl.  Anat.  d.  DiHeniac.,  Di».,  Bern, 
1895. — Vesqae,  Eutya,  Bull.  Soc.  bot  de  France  1895,  pp.  151-61.— Virchow,  BlattdUuie,  Archiv 
der  Pharm.  1896,  p.  47  et  seq. — [A.  Richter,  Z.  phy8.-anat  n.  syst.  Kenntn.  d.  MarpgraTieen,  etc., 
Term^szetrajzi  Fiisetek  1899,  p.  37  and  Tab.  ii  et  seq.  (Hungarian  and  German.)] 


Kegensb.  bot  Uesellscn.  105)0,  separate  copy,  p.  Oo. — bzyszylowicz,  in  l^aturL  rnanxentmnu,  ui.  leu, 
Abt.  6,  1893,  pp.  153,  158  and  176  et  seq. — Gilg,  in  Natiirl.  Pflanrenfiim.,  iii  Teil,  Abt.  6,  1893, 
P*  193- — H.  Schenck,  Anat  d.  Lianen,  1893,  pp.  73,  73  and  Tab.  iii.— Van  Tiegfaem,  MtavM^mmm, 
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I.  Review  of  the  Anatomical.  Features.  For  the  diagnosis  of  the 
Order  a  series  of  excellent  anatomical  characters  exists.  Foremost  among 
these  is  the  possession  of  resin-canals,  which  occur  in  the  pith  and  in  the 
secondary  wood.  Secondly,  the  structure  of  the  phloem,  which  recaUs  the 
well-known  bast  of  the  lime-tree;  i.e.  the  bast-portions  of  the  individual 
vascular  bundles  are  narrowed  outwards  in  the  form  of  wedges  in  the  trans- 
verse section  of  the  branch,  while  the  primary  medullary  raj^  (of  the  phloem) 
lying  between  them  are  broadened  outwards  like  wedges  to  a  corresponding 
extent ;  the  phloem  also  consists  of  alternating  layers  of  hard  and  soft  bast. 
Further  anatomical  characters  of  the  Order  are :  as  regards  the  structure  of 
the  wood,  the  simple  perforations  of  the  vessels  and  the  abundant  development 
of  wood-parench]i[ma ;  in  the  leaf,  the  almost  universally  bifacial  leaf-struc- 
ture and  the  vertically  transcurrent  smaller  veins  ;  the  occurrence  of  vascular 
bundles  in  the  primary  cortex  of  the  branch  ;  lastly,  the  structure  of  the  petiole 
and  also  of  the  midrib  with  a  completely,  or  almost  completely,  closed  annular 
system  of  vascular  bundles,  which  surrounds  a  pith  containing  medullary 
bundles. 

Oxalate  of  lime  is  usually  developed  in  the  form  of  clustered  crystals, 
but  also  of  ordinary  solitary  crystals.  Mucilage-ceUs  or  mucilage-cavities 
occur  not  uncommonly  in  the  primary  cortex ;  further,  one  sometimes  meets 
with  mucila^ous  epidermal  cells  in  the  leaf.  The  hairy  covering  consists 
of  simple  unicellular  hairs,  of  tufted  hairs  and  of  variously  shaped,  glandular 
hairs.  The  latter  (Fig.  31),  in  addition  to  a  short  stalk,  either  possess  a  disc- 
shaped, unicellular  head  lobed  at  the  margin  {Dryobalanops^  Hapea^  Aniso- 
ptera)  or  a  2-4-celled  head,  owing  to  the  development  of  vertical  walls  {Dryo- 
balanops.  Hoped),  or  a  scutiform  head  composed  of  a  varying  number  of 
cells  and  having  the  structure  of  the  well-known  Oleaceous  glajids  (Anisaptera^ 
Doona^  Valeria^  Shorea), 

For  the  diagnosis  of  the  genera  the  following  features  may  be  made  use  of : 
the  course  of  the  cortical  vascular  bundles  in  the  branch,  the  structural  details 
of  the  vascular  system  in  the  petiole,  and  the  position  as  well  as  the  numbor  of 
the  resin-canals  ;  likewise  the  pitting  of  the  wood-prosenchyma,  which  is  eitiier 
simple  or  indistinctly  bordered  (Vateria^  Shorea^  nopea)  or  t3^cally  bordered 
{DipUrocarpus,  Dryobalanops,  Vatica).     Specific  characters  are  found  in  the 

'  The  three  genera  AnHstro€ladu$,  Lophira  and  Monota,  referred  to  the  DiptoooMpeae  m 
Dnrand's  Index,  are  excladed  from  the  following  descriptioa,  and  are  diacoated  tepantdy  in  aa  1 
to  the  Order. 
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occurrence  or  absence  of  mucilaginous  epidermal  cells  in  the  leaf,  in  the  appear- 
ance of  sderenchymatous  fibres  in  the  mesophyll,  &c. 

To  conclude  the  general  diagnosis,  it  remains  to  be  mentioned  that  the 
stomata  are  sometimes,  but  not  always,  accompanied  by  special  subsidiary 
cells,  and  regarding  the  origin  of  the  cork,  that  the  phellogen  arises  in  the 
epidermis  itself  or  in  the  outermost  ceU-layer  of  the  priroary  cortex. 

2.  Structure  of  the  Leaf.  In  the  following  statements  on  the 
leaf-structure  I  rely  partly  on  Heim's  work,  but  partly  also  on  my  own  observa- 
tions and  on  unpublished  notes  which  Dr.  O.  Bachmann  has  placed  at  my 
disposal. 

The  leaves  of  the  Dipterocarpeae  are,  as  a  rule,  bifacial  in  structure.  The 
epidermal  cells  have  a  small  polygonal  outline  in  surface-view.  According  to 
Heim  the  epidermal  cells  of  the  upper  side  of  the  leaf  of  Pierrea  and  Dryobalanops 
(including  BaiUanodendron)  are  characterixed  by  their  long  (high)  palisade-like 
form.  Granulation  of  the  cuticle  is  common ;  cuticular  ridges  have  been 
observed  by  Bachmann  in  Vatica  lanceaefolia^  Bl.  (jelatinuation  of  the 
epidermis  of  the  leaf  is  found  in  Dipterocarpus  geniculaius,  Vesque,  according 
to  Bachmann.  The  stomata  are  restricted  to  the  lower  surface  of  the  leaf ; 
they  are,  as  a  rule,  surrounded  by  several 
ordinary  epidermal  cells,  or  by  several  cells 
differentiated  more  or  less  like  subsidiary  ceUs. 
Special  subsidiary  cells  are  known  to  me  only 
in  Shorea  robusUi,  Gaertn.  f.,  and  Richetia  can- 
aaa^  Heim ;  in  the  first  species  two  subsidiary 
cells,  in  the  second  species  one,  are  placed  on 
each  side  of  the  pair  of  guard-cells,  parallel  to  the 
pore.  The  meoium-sired  veins  of  the  leaf  are 
probably  always  vertically  transcurrent,  accord- 
ing to  Bachmann  and  Heim ;  the  tissue  adjoining 
the  vascular  bundle  of  the  vein  on  both  sides  or  fio.  H  }f^,JS$S[S**^  *^ 
at  any  rate  on  the  upper  side  consists,  in  most  orifuLL*"^*'*"  ^'^'^'^-  '"^ 
cases,  of  sclerench3rma-fibres  ;  more  rarely  it  is 

thin -walled.  Sderenchyma-fibres  occur  not  only  accompanying  the  vascular 
bundles  of  the  veins,  but  sometimes  also  independently  in  the  mesophyll ;  e.g., 
according  to  Bachmann,  in  VaUria  indica^  L.  and  Hapea  discolor^  Thw.  Oxalate 
of  lime  occurs  in  the  leaf  (and  likewise  in  the  axis)  principally  in  the  form  of 
clustered  crystals,  but  accompanying  them  ordinary  solitary  crystals  may 
occur.  The  resin-canals,  whidi  will  be  considered  in  greater  detail  in  the 
discussion  of  the  structure  of  the  branch,  are  met  with  in  almost  all  the  mem- 
bers of  the  Order  (exception  :  Cotyldobiopsis,  Heim,  see  below)  in  the  larger 
veins  at  the  apex  of  the  xylem-portions  of  the  vascular  bundles,  but  never 
free  in  the  mesophyll.  The  hairy  covering  consists  of  clothing  and  glandular 
hairs.  The  clothing  hairs  are  firstly  simple,  unicellular  tnchomes,  which 
mostly  have  thick  walls  and  narrow  Itmuna ;  secondly,  tufted  hairs,  composed 
of  a  varied  number  of  unicellular  hairs  with  thick  walls  and  narrow  lumina, 
or  with  less  thickened  walls  and  wider  lumina.  Among  the  external  glands 
(Fig.  31)  we  may  first  mention  the  peltate  glands,  which  are  identical  in  their 
structure  with  the  well-known  Oleaceous  type,  and  accordingly  possess  a 
disc-shaped,  cellular  plate  of  a  varied  number  of  cells,  which  in  surface-view 
either  meet  at  a  central  point  or  along  a  middle  line  {Anisoptera  lanceoUUa^ 
Walp.,  Doona  odoraU^  Burck,  Manoporandra  cordifoUa,  Thw.,  PerUacme  suavis^ 
A.  DC.,  Shorea  robuka,  Gaertn.  f.,  Vaieria  indica^  L.).  With  these  peltate 
elands  are  connected  those  of  Paraskorea  sUUaia^  Kurz,  the  shield  of  which  has 
less  numerous  cdls  and  a  margin  which  is  somewhat  lobed,  not  entire  ;  and 
also  the  external  glands  of  Dryobdanops  BtfcomY,  Dyer,  and  Hapea  Beccaruma^ 
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Burck,  with  a  2-4-celled,  discoid  head ;  in  the  last-named  of  these  species  the 
glandular  hairs  are  sunk  in  the  epidermis  of  the  leaf.  Lastly,  in  certain  mem- 
bers of  the  Order,  in  addition  to  the  peltate  Oleaceoos  elands,  there  are  some- 
times shortly  stalked  glands  with  a  similarly  disc-shaped,  but  unicellular  head, 
which  is  more  or  less  deeply  lobed  at  its  margin,  e.g.  in  Anisaptera  lanceoUda, 
Walp.,  Hopca  Beccariana^  Burck,  and  EhyobcUanaps  Beccarii^  uyer.  In  Bail- 
lonodendron  malayanum^  Heim,  Richetia  coriacea^  Heim,  and  Dipterocarpus 
Beccariif  Dyer,  I  have  not  observed  glandular  hairs  of  any  kind.  To  what 
extent  the  individual  forms  of  the  external  glands  are  of  importance  in  generic 
diagnosis  still  remains  to  be  determined  by  the  examination  of  more  numerous 
species. 

The  petioles  of  the  Dipterocarpeae  have  repeatedly  formed  the  subject 
of  thorough  investigation  by  Burck,  Pierre,  Heim,  and  Brandis,  with  regard 
to  the  systematic  significance  of  their  structure.  For  the  diagnosis  of  the 
Order,  as  shown  by  these  investigations,  prominence  should  firstly  be  given 
to  the  fact,  that  a  closed  ring  of  vascular  bundles  is  always  present  in  the 
petioles,  or,  at  any  rate,  a  ring  that  is  not  open  at  more  than  one  point ;  this 
ring  encloses  a  medullary,  va^:nilar  bundle-system  of  varied  and  more  or  less 
complicated  structure.  The  detailed  composition  of  the  vascular  system  of 
the  petiole  at  the  base  of  the  lamina  ('  caract^ristique '  of  French  authors),  the 
varying  abundance  of  resin-canals  on  the  inner  side  of  the  xylem-groups  of  the 
outer  rmg  or  arc  of  vascular  bundles,  and  the  absence,  or  the  varied  number,  of 
resin-canals  appearing  in  relation  to  the  inner  (medullary)  bundle-system  have 
been  employed  with  success  by  the  authors  named  for  the  diagnosis  of  the  genera, 
as  will  be  shown  more  fully  by  the  conspectus  of  anatomical  characters  given 
at  the  end  of  the  section  on  the  axis. 

3.  Structure  of  the  Axis.  The  following  facts  may  be  pointed  out  with 
regard  to  the  structure  of  the  wood  on  the  hskis  of  my  investigations,  which 
extended  to  species  of  the  genera  VaUria^  Dipterocarpus,  Hopea,  DryobalanopSj 
Vatica,  and  Shorea.  A  transverse  section  ot  the  wood  shows  mostly  isolated 
vessels  with  round  lumina  and  varying  diameter  (maximum  -07  to  -105  mm.) 
and  rather  broad,  3-5-seriate  medullary  rays.  The  vessels  have  simple  perfora- 
tions and  on  the  walls,  which  are  in  contact  with  ray-parenchyma,  they 
show  transitions  from  typical  bordered  pits  to  simple  pitting.  The  wood 
parenchyma  is  abundantly  developed,  as  is  especially  conspicuous  in  Vatica 
indica,  L.,  and  Shorca  robusta,  Gaertn.  f.  In  Snorea  robusta  the  parenchyma- 
cells  are  occasionally  septate  and  contain  solitary  crystals.  In  Vateria,  Skarea^ 
and  Hopca  the  wood-prosenchyma  possesses  very  small,  often  indistinct  pit- 
borders  ;  in  Dipterocarpus,  Dryobalanops,  and  Vatica,  on  the  other  handC  it 
shows  typical  bordered  pitting.  The  more  recent  statement  on  this  subject 
by  Branms  and  Gilg,  according  to  which  the  pitting  of  the  wood-prosenchyma 
is  not  constant  for  the  genus  Dipterocarpus  (reference  being  made  to  D.  alatus^ 
Roxb.  with  distinct,  and  D.  tuberculatus,  Roxb.  with  very  indistinct  bordered 
pitting)  requires  further  examination.  According  to  Brandis,  septation  of  the 
wood-prosenchyma  occurs  in  Pentacme, 

As  regards  the  structure  of  the  cortex,  it  may  l&rst  be  mentioned  that, 
according  to  Heim,  cork-formation  takes  place  quite  generally  in  a  superficial 
position.  Douliot  observed  the  appearance  of  the  phdlogen  m  the  epidermis 
of  Dryobalanops  Camphora  and  Dipterocarpus  nobilis ;  Van  Ti^hem  observed 
it  in  the  subepidermal  cell-layer  in  a  plant  described  as  Dipterocarpus  BmiUouu 
Not  uncommonly  the  primary  cortex  contains  stone-cells^  which  are  either 
uniformly  thickened  on  all  sides,  or  only  on  the  inner  tangential  walls  and 
the  adjoining  parts  of  the  radial  walls.  Heim  met  with  sclerosed  parenchyma- 
cells  of  the  second  kind,  the  thickened  walls  of  which  appear  in  the  fbnn 
of  a  U  in  a  transverse  section  of  the  branch,  in  species  of  DipUrocempm^  Doona^ 
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DryobaUmops  (ind.  BaiUonodendron),  IsopUra^  and  Shorea.  A  further  pecu* 
liahty  of  the  primary  cortex,  appertaining  only  to  some  members  of  the  Order, 
is  the  occurrence  of  cells  with  mucilaginous  membrane,  and  of  mucilage- 
cavities  derived  from  groups  of  these  cells.  Mucilage-cavities  and  mucilage- 
cells  of  this  kind  have  been  observed  by  Heim  and  Brandis  in  species  of  the 
genera  Dipterocarpus^  Daona,  Richetia^  and  Shorea,  It  may  be  noted  that 
these  structures  sometimes  also  occur  in  the  parenchyma  of  the  petiole  *  in 
the  genera  named.  The  secondary  cortex  has  a  very  characteristic  structure. 
The  phloem-portions  of  the  individual  vascular  bundles,  forming  the  bundle-ring, 
are  narrowed  outwards  in  the  form  of  wedges  in  a  transverse  section  of  the 
stem  ;  the  parts  of  the  primary  medullary  rays  lying  between  these  phloem- 
masses  are  correspondingly  broadened  outwards  m  the  form  of  wedges.  In 
addition  to  this  the  phloem-portions  of  the  individual  vascular  bundles  are 
stratified  by  means  of  tangential  bands  of  hard  bast  in  the  same  way  as  in  the 
Lime.  To  judge  by  Heim's  investigations,  this  structure  of  the  bast  is  common 
to  all  the  Dipterocarpeac. 

The  occurrence  of  cortical  vascular  bundles  forms  a  further  anatomical 
characteristic  of  the  axis.  In  a  transverse  section  the  cortical  bundles  are 
either  concentric  or  semilunar,  they  are  accompanied  by  hard  bast,  and  each  of 
them  possesses  a  resin-canal  in  connexion  with  its  xylem -portion. 

The  cortical  bundles  in  Question  originate  in  the  following  manner.  Each 
leaf  has  three  vascular  bundles  (leaf -traces),  one  median  and  two  lateral.  The  median 
one  usually  (in  all  the  genera  except  those  named  below)  only  separates  from 
the  bundle-ring  of  the  axis  at  the  node,  while  the  lateral  strands  pass  of!  from  the 
bundle-line  earlier,  at  a  lower  level  *,  as  cortical  bundles,  as  do  also  the  vascular 
bundles  belonging  to  the  stipules,  where  stipules  arc  present.  The  stipular  bundles, 
howo'er.  are  not  always  independent,  but  may  branch  of!  from  the  lateral 
leai-traces.  According  to  Brandis  the  genus  Stemonapuros,  and  probably  also 
Vahca  and  Afonoporandra,  forms  an  exception  to  the  general  type.  In  these  cases 
the  median  leaf-trace  leaves  the  bundle-ring  far  below  the  node  and  divides  into 
1-5  isolated  bundles,  which  finaUy  pass  into  the  petiole.  In  these  genera  the  lateral 
bnndles  leave  the  bundle-ring  at  a  higher  level  and  do  not  pass  into  the  leaf,  but 
only  into  the  stipules. — The  three  bundles,  which  usually  pass  into  the  petiole, 
branch  in  the  latter,  as  also  do  the  resin-canals '  accompanying  them,  in  the  most 
varied  manner,  and  thereby  bring  about  the  differences  presented  by  the  appear- 
ance of  the  transverse  section  of  the  petiole  (see  above). 

Lastly,  mention  may  be  made  of  the  resin-canals,  which  are  present  in  all 
the  Dipterocarpeae  (with  the  exception  of  Lophira^  A  ncistrocladus,  and  Monotes^ 
see  note  on  p.  136).  In  the  axis  they  are  found,  in  the  first  place,  in  the  pith. 
They  are  present  in  the  middle  of  the  pith  in  the  genus  Dryobalanops  only, 
which  possesses  a  central  resin-canal  or  a  group  of  canals  produced  by  division 
of  the  single  one.  In  the  rest  of  the  Dipterocarpeac  the  resin-canals  are  found 
only  in  the  peripheral  part  of  the  pith,  and  always  in  close  relation  to  the 
xylem-portions  of  the  vascular  bundles  of  the  bundle-ring,  the  connexion  being 
sometimes  so  close  that  one  is  inclined  to  regard  them  as  belonging  to  the 
primary  wood,  as  indeed  they  were  previously  described  by  Van  Ticghem.  The 
number  of  these  *  perimedullary '  resin-canaJs  varies.  In  Dipterocarpus  their 
number  amounts  to  100  ;  in  the  remaining  genera  3-30  resin-canals  are  present ; 
they  vary  not  only  in  number  but  also  in  diameter.    The  balsam-canals  occur 


*  Stcfttory  rcoeptmclet,  possibly  of  «  similar  naturr,  are  (iescrided  by  Heim  in  the  following 
■■■oer,  for  the  petiole  of  the  very  incompletely  known  (;enus  Ctftj^Ulobi^ptis  :  '  Toot  ce  parrnchyme 
oi  v*"!?!!  ^  oitH^,  k  cODtenu  r^frinj^ent,  bordeet  de  cellnles  aplatiet.* 

*  This  Ukci  place  at  different  levels  in  the  different  genera ;  for  this  see  the  cootpectus  at  the 
cad  of  the  itractwc  of  the  axis. 

'  It  it  a  rare  occvrcnoe  for  the  three  resin-canals  to  traTeree  the  entire  petiole  ( VtUua  obscura^ 
TiiM.  aeeofdiof  to  Braadii). 
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in  the  secondary  wood  as  well  as  at  the  periphery  of  the  pith.  These  interxylary 
resin-canals  are  mostly  surrounded  by  wood-parenchyma,  but  sometimes  by 
wood-prosenchyma,  and  they  are  often  arranged  in  concentric  circles ;  I  have 
invariably  met  with  them  in  the  species  enimierated  in  my  '  Holzstruktur/ 
belong^ing  to  the  genera  Valeria,  Dipierocarpus,  Hapea^  Dryobalanops^  Vatica, 
and  Shorea,  and  recently  also  in  BaiUonodendfon  malayanum,  Heim,  Richeiia 
coriacea,  Heim,  and  Parashorea  stellaia,  Kurz.  Their  course  has  not  yet  been 
traced,  nor  their  distribution  in  the  Order.  Regarding  the  latter  point, 
it  must  be  kept  in  view,  that,  according  to  Van  Tieghem,  the  interxylary  resin* 
canals  sometmies  do  not  appear  until  late  in  the  secondary  growth  of  the 
wood  and  hence  cannot  always  be  observed  in  branches  from  herbarium 
material ;  and  further  that,  according  to  Leblois  and  Brandis,  the  resin-canals 
of  the  wood  become  filled  up  by  means  of  a  kind  of  tylosis-formation,  as  is 
the  case  with  the  resin-canals  of  Brucea  ferruginea  (Simarubaceae),  &c.,  and 
consequently  they  may  easily  escape  observation.  The  last-named  phenomenon, 
moreover,  occurs  also  in  the  perimedullary  resin-canals.  These  latter  pass  out 
with  the  vascular  bundles  into  the  primary  cortex  and  finally  into  the  petiole 
and  the  veins  of  the  leaf,  and  through  their  whole  course  retain  the  same  position 
with  regard  to  the  xylem-groups  as  in  the  bundle-ring  of  the  stem.  Resin- 
canals  completely  indepencfent  of  the  vascular  bundles  are  not  present  in  this 
Order. 

It  is  an  interesting  fact,  that  the  resin-canals  are  already  present  in  the 
embryo,  accompanying  the  procambial  strands  *  both  in  the  plumule  and  in  the 
cotyledons  (in  DipUrocarpus  turbiruUus  and  Dryobalanops  according  to  Van  Tieghem, 
and  in  Doana  according  to  Brandis).  The  origin  of  the  balsam-canals  is  tchixo- 
lysigenous '  according  to  the  more  recent  developmental  investigations  made  by 
dieck  in  species  of  DipUrocarpus,  Doona,  Dryobalanops,  IsopUra  and  VaHca, 
According  to  Brandis  the  contents  of  the  resin-canals  consist  of  balsam-like  substances, 
which  are  liquid  in  the  living  plant,  but  in  the  air  rapidly  become  converted  into 
resin  ;  the  resin-canals,  however,  may  also  contain  camphor-like  substances,  e.g.  in 
Dryobalanops  aromaHca,  Gaertn.  t,  the  source  of  Borneo-camphor.  The  liquid 
contents,  which  are  present  in  the  living  plant,  and  are  obtained  from  species  ci 
DipUrocarpus  as  wood-oil,  consist  of  an  aromatic  fluid,  which  is  lighter  than  water, 
and  as  a  rule  fluorescent,  and  is  mostly  insoluble  in  alcohol  and  ether,  but  prob- 
ably soluble  in  chloroform,  carbon  m-sulphide,  and  ethereal  oils.  It  finally 
becomes  resinous  and  is  obtained  as  resin  from  many  members  of  the  Order.  Lastly, 
it  may  be  noted,  that  in  the  older  wood  the  same  substances  as  are  contained  in  the 
resin-canals,  are  also  present  in  the  medullary  rays,  in  the  vessels  and  in  the 
wood-parenchyma. 

In  connexion  with  the  description  of  the  structure  of  the  axis  there  now 
follows  a  synopsis  of  the  distribution  of  the  resin-canaU*  of  the  course  of  the 
cortical  vascular  bundles  and  of  the  structure  of  the  petiole  at  its  upper  end 
('  caract^ristique '),  features  which  have  been  made  use  of  by  Burck,  Pierre, 
Heim,  and  Brandis  for  the  anatomical  diagnosis  of  the  genera.  With  respect 
to  these  points  it  may  be  remarked  that  small  divergences  are  sometimes  to  be 
found  between  the  statements  of  the  authors  named,  and  that  in  the  succeeding 
description  I  chiefly  follow  the  most  recent  work  of  Brandis  in  the  Journal  of 
the  Lmnean  Society,  when  not  otherwise  expressly  stated,  as  Brandis  was  able 
to  take  into  consideration  the  results  of  all  the  other  authors.  The  serial  suc- 
cession of  the  genera  in  the  following  synopsis  is  that  adopted  by  Brandis  and 
Gilg  for  the  revision  of  the  Order  (in  '  Die  natOrlichen  Pflwsenfamilien'). 

( I )  DipUrocarpus,  Gaertn.  f.  Pith  with  as  many  as  loo  perimedullary  nmn- 
canals,  sometimes  m  two  circles.  Of  the  three  leaf-traces  the  two  lateral  ones  pom  into 


*  Heim  moreoTer  eUimi  to  haTe  alio  obtenred  indqwodciit  rcdn-caiMls  ia  the  ooCyledoat  of 
Ritim^Andrwm  (  «  VaiUm) ;  tee  Hdm,  loc  dt,  p.  ty 
'  Regardiof  this  tcnn,  ooapare  wider  Rnuceae. 
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the  cortex  at  various  levels^usuallv  in  the  upper  half  of  the  intemode  ;  in  the  cortex 
there  are  also  7-12  stipular  bundles.  Petiole  :  peripheral  bundle-S3rstem  (a)  con- 
ssting  of  a  lower  semicircle  of  5-12  separate  or  connected  vascular  bundles,  each 
provided  with  one  resin-canal,  and  of  an  upper  band  of  xylem  and  phloem  (b) 
cofttisting,  in  D.  pilosus^  Roxb.  only,  of  a  closed  bundle-ring  ;  central  bundle-mass 
with  1-8  resin-canals. 

(2)  Anisoptera^  Korth.  (inch  Antherotriche,  Turcz.).  Pith  with  18-24  peri- 
medullary  resin-canals,  the  latter  often  rather  large  and  close  to  one  another.  Of 
the  three  leaf-traces  the  two  lateral  strands  run  in  the  primanr  cortex  through  the 
entire  intemode  in  some  of  the  species,  throufi'h  the  upper  half  of  the  intemode  in 
the  rest  of  the  species.  Petiole :  peripheral  bundle-system  consisting  of  a  closed 
ring  of  7-13  bundles,  the  latter  either  {Anisoptera  Curtisii,  Dyer)  separate,  or 
fosed,  and  provided  each  with  one  resin-canal ;  central  bundle-mass  without  or 
with  few  resin-canals. 

(3)  Dryobaianofs,  Gaertn.  f.  (incl.  Baillonodendrofit  Heim).  At  the  base  of  the 
intemode  in  the  miadle  of  the  pith  there  is  a  single  principal  resin-canal,  which  higher 
op  in  the  intemode  sends  off  branches,  in  order  to  fumish  resin-canals  for  the  leaf- 
traces  of  the  next  higher  leaf  as  well  as  for  the  bundles  of  the  axillary  bud ;  in 
Dryobalanops  oblangijoiiay  Dyer,  there  are  two  principal  canals  according  to  Heim. 
Of  the  three  leaf-traces  the  two  lateral  strands  detach  themselves  from  the  bundle-ring 
at  the  base  or  in  the  middle  of  the  intemode.  Petiole  :  peripheral  bundle-system 
with  five  resin-canals,  central  bundle-system  without  resin-canals. 

(4)  Doona,  Thw.  Pith  with  3-20  pcrimedullary  resin-canals  of  unequal  diameter, 
the  larger  canab  three  times  as  wide  as  the  cells  of  the  pith.  Of  the  three  leaf- traces 
the  lateral  strands,  like  the  median  trace,  usually  pass  out  from  the  bundle-ring 
ooly  a  short  distance  below  the  node,  but  in  some  cases  in  the  upper  third  of  the 
intemode ;  each  trace  has  one  or  sometimes  2-3  resin-canals ;  independent  stipular 
bundles  in  the  species  with  large  stipules.  Petiole :  a  semicircle  of  ^-11  usually 
connected  bundles  each  with  one  resin-canal ;  central  bundle-mass  without  or  witn 
arean-canaL 

(5)  Hapea,  Roxb.  (incL  Petalandra,  Hassk.  and  Hancea,  Pierre).  The  ana- 
tomical features  are  very  variable  in  Hopea,  and  to  an  extent  found  in  no  other 
Dipterocarpous  genus. 

(a)  section  Dryobalanoides^  Miq.  {Hancea,  Pierre).  Hopea  ctmua,  T.  et  B. 
shows  at  the  base  of  the  intemode  a  triangular  pith  with  three  resin-canals  in  the 
angles ;  sometimes,  owing  to  branching,  a  fourtn  rcsin-canal  appears,  and  passes 
over  into  the  leaf-trace  of  the  next  higher  intemode  ;  of  the  three  resin-canals  first 
mentioned,  two  run  through  the  whole  length  of  the  axis,  while  the  third  has  branched 
ofi  in  the  next  lower  intemode  and  divides  into  five  canals,  of  which  two  belong  to 
the  axillary  bud,  and  three  to  the  leaf.  Burck  states  that  of  these  three  the  two 
lateral  canals  with  the  corresponding  leaf-traces  do  not  enter  the  petiole,  but 
belong  to  the  stipules  in  the  species  of  the  section  in  question.  Branais  is  unable 
to  confirm  this  in  the  case  of  Hopea  cemua  ;  but  he  states  with  certainty  that  in 
H.  Msngarawan,  Miq.  and  H.  Pterreu  Hancc,  belonging  to  the  same  section,  the 
third  resin-canal  mentioned  above  instead  of  dividing  into  five  divides  into  a  still 
larger  number  of  canals  (as  many  as  eight),  some  of  which  belong  to  the  axillary  bud, 
the  rest  to  the  petiole.  In  all  three  species  the  lateral  leaf- traces  only  separate 
from  the  bundle-ring  immediately  below  the  node.  Petiole :  Hopea  cemua  shows 
at  the  base  of  its  petiole  three  isolated  vascular  bundles  with  one  resin-canal  each, 
besides  a  central  bundle-mass  without  resin-canals;  the  upper  end  ('caract6ristique') 
of  the  petiole  is  similar,  except  that  the  two  lateral  resin-canals  have  each  divided 
mto  two.  H,  Pierrei  resembles  //.  cernua  in  these  respects.  Lastly,  H,  Mengarawan 
has  at  the  base  of  its  petiole  three  isolated  vascular  bundles  and  five  resin-canals ; 
at  the  top  of  the  petiole  the  central  bundle-mass  also  contains  three  resin-canals. 

(6)  Section  Euhopea,  Miq.,  and  Petalandra,  Hassk.  Number  of  the  peri- 
mcdaUary  resin-canals,  which  differ  among  themselves  in  diameter:  8-12  in  //. 
fs^foita,  Mio^  H,  Recopei,  Pierre,  //.  dealbata,  Hancc,  and  H,  oblongi folia.  Dyer, 
according  to  Pierre,  ana  in  H.  odorata,  Roxb.,  and  H,  glabra,  W.  et  A.  according  to 
Brandis,  only  4  in  H.  ferrea,  Pierre.  As  in  the  section  Dryobalanoides  the  lateral 
leaf-traces  run  only  for  a  short  distance  in  the  cortex  ;  the  resin-canal  of  the  median 
trace  divides  into  two,  of  which  one  passes  into  the  axillary  bud,  the  other  into 
the  leaf.  The  structure  of  the  petiole  differs  essentially  from  that  of  the  section 
Drfobalanoid§s^  in  that  the  number  both  of  the  vascular  bundles  and  of  the  resin- 
canab  in  the  peripheral  bundle-system  is  greater. 
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(6)  Pentacme,  A.  DC.  Pith  with  12-25  peiimedoUary  resin-canals.  The  lateral 
leaf-traces  pass  out  from  the  bundle-ring  immediately  below  the  node.  Petiole 
with  7-9  vascular  bundles  in  a  semicircle  and  the  same  number  of  resin-canals; 
central  bundle-mass  with  three  resin-canals. 

(7)  Shorea,  Roxb.  (incL  Parahapea,  Heim).  Pith  with  3-30  perimedullary 
resin-canals ;  resin-canals  either  with  a  small  lumen  (especially  in  some  species  of 
the  section  Anthoshorea),  or  with  a  wider  lumen.  Of  the  three  leaf -traces  the 
lateral  ones  separate  from  the  bundle-ring  at  various  levels :  in  Shorea  robusU, 
Gaertn.  f .  in  the  middle  of  the  intemode,  in  S,  obtusa^  WalL  scarcely  below  the  node ; 
for  5.  scaberrima,  Burck,  5.  aptera,  Burck,  5.  Pinanfa,  Schefier,  5.  Uprosula^  Miq. 
(5.  Marantic  Burck)  and  5.  inappendiculaia,  Burck,  it  is  stated  by  Burck  that  tl^ 
lateral  leaf -traces  with  the  resin-canals  belonging  to  them  run  for  i^  intemodes  in 
the  cortex  ;  the  consequence  of  this  is  naturally,  that  in  the  upper  half  of  the  inter- 
nodes  one  meets  with  double  the  number  (four)  of  lateral  leaf-traces  and  of  the  resin- 
canals  belonging  to  them.  In  species  of  Shorea,  in  addition  to  the  cortical  lateral 
leaf-traces,  one  also  finds  cortical  stipular  bundles  with  resin-canals,  which  either 
branch  ofi  from  the  bundle-ring,  or  u-om  the  lateral  leaf-traces.  The  structure  of 
the  petiole  varies ;  the  characteristic  region  ('  caract^ristique ')  generally  shows 
a  semicircle  composed  of  7-9  isolated  vascular  bundles,  each  witii  one  resin-canal, 
and  a  central  bundle-system  without  resin-canals  ;  in  other  species  (Shorea  cbhua) 
a  bundle-ring  and  a  central  bundle-system  without  or  with  1-3  resin-canals  are 
found  ;  in  5.  robusta  10-12  resin-canals  occur  both  in  the  peripheral  and  in  the  central 
bundle-system. 

(8)  Paras horea,  Kurz.  Pith  with  15  small  peripherally-placed  resin-canah. 
Cortical  lateral  leaf-traces  only  in  the  upper  part  of  the  intemode.  Petiole :  peri- 
pheral semicircle  of  five  vascular  bundles,  each  with  one  resin-canal;  central 
Dundle-system  without  resin-canals. 

(9)  isoptera,  Schefier  (according  to  Pierre).  Pith  at  the  base  of  the  intemode 
with  16-18  canals.  The  lateral  traces  here  also  only  leave  the  bundle-ring  close  to 
the  node.  Petiole  :  peripheral  arc  of  bundles  closed  above  by  a  band  of  wood  and 
bast ;  numerous  resin-canals  also  in  the  central  bundle-system. 

(10)  Balanocarpus,  BeddL  (incL  Richetta^  Heim).  (a)  Baianocarpus  (sensu 
Heim) :  Not  very  numerous  resin-canals  of  uneaual  diameter  at  the  periphery  ol 
the  pith.  Petiole  with  a  peripheral  arc  of  bundles ;  inner  bundle-S3fstem  of  the 
petiole  without  resin-canals  ;  (b)  RicheHa  :  6-8  resin-canals  at  the  periphery  of  the 
pith.  Petiole :  outer  arc  of  bundles  with  2-3  resin-canals,  inner  bundle-system 
without  resin-canals.     (Preceding  statements  according  to  Heim.) 

(10  a)  Pierrea,  Heim  ^  Two  resin-canals  in  the  peripheral  part  of  the  pith  at 
the  base  of  the  intemode  ;  higher  up,  as  many  as  twelve  canals  owing  to  branching. 
The  lateral  leaf-traces  enter  the  cortex  in  me  upper  third  of  the  intemode,  the 
median  trace  in  the  uppermost  fifth.  Petiole :  peripheral  bundle-system  with 
12  resin-canals  ;   inner  system  without  any.     (According  to  Heim.) 

(11)  Cotylelobium,  Pierre  (incL  Dyerella,  Heim).  In  Coiylelobium^  Pierre, 
numerous  perimedullary  resin-canals  of  large  diameter  in  the  axis.  Petiole  :  peri- 
pheral bundle-system  with  large  resin-canals ;  central  bundle-system  with  no 
resin-canals  (Cotylelobium)  or  with  one  (Dyerella).  (Preceding  statements  according 
to  Heim.) 

( 1 1  a)  Cotylelobiopsis,  Heim  ^  About  50  resin-canals  at  the  periphery  of  the 
pith.  Petiole  even  at  its  base  without  resin-canals.  (Preceding  statements  accord- 
ing to  Heim.) 

(12)  Vatica,  L.  (incl.  Pter  anther  a,  BL,  Retinodendron^  Korth.,  Isauxis^  Am.  and 
Synaptea,  Griff,  j.  PreUminary  results :  In  the  pith  at  the  base  of  the  intemode 
10-20  small  peripheral  resin-canals.  The  leaf-traces,  as  a  rule,  only  past  out  into 
the  cortex  immediately  below  the  node.  Petiole :  peripheral  bundle-system  with 
3-10  resin-canals,  central  bundle-system  with  few  resin-canals  or  without  any. 

(13)  Pachynocarpus,  Hook.  f.     Agrees  anatomically  with  VaHca^ 

(14)  Stemonoporusy  Thw.  (incl.  KUnckelia,  Heim,  V$sq%Ma^  Heim«  and  Shim- 
pteopsis,  Heim).  Pith  with  numerous  (25-50)  peripheral  resin-canals,  which  are 
sometimes  of  unequal  size,  and  may,  in  some  cases,  be  of  very  lar^  diameter.  Of 
the  three  leaf- traces  the  median  one  leaves  the  bundle-ring  at  the  middle  d  the  inter- 
node,  while  the  lateral  strands  do  not  branch  off  from  the  bundle-ring  nntil  cksse  to 


^  Based  on  incomplete  material,  and  therefore  not  marked  with  a  cantnt  iramber  la  the  teiki. 
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the  node  and  only  piss  into  the  stipules,  not  into  the  petiole  ;  the  median  trace  in 
its  inrtber  course  divides  first  into  three,  then  into  five  bundles,  which  pass  into  the 
petiole.  Petiole :  bundle-system  consisting  of  two  peripheral  arcs  of  bundles  and 
of  one  central  bundle-system ;  lower  arc  of  bundles  with  16  (5.  WighHit  Thw.), 
9-1 1  (5.  rigidus^  Thw.,  and  5.  acumimUus,  Bedd.),  or  13  (5.  reticulaius,  Thw.)  resin- 
canab ;  upper  arc  of  bundles  in  5.  Wightii  with  6  resin-canals ;  central  bundle- 
system  with  1 1  resin-canals  (5.  Wightiiu  or  2  (5.  rigidus  and  5.  acuminaius)  or 
none  at  all  (5.  teticulatus). 

(15)  Monofarandta,  Thw.     Anatomically  like  Stemonoporus  in  essentials. 

(x6)  Koltrto,  L.  (inch  Vaieriopsis,  Heim).  At  the  periphery  of  the  pith,  25-60 
resin-caiials,  which  are  of  very  unequal  size  and  are  abundantly  branched.  VaUria 
SeyckeiiarHm^  Dyer,  agrees  with  Stemonoporus  in  the  course  of  its  leaf-trace-bundles. 
Petiole:  anextomal  semicircle  of  vascular  bundles  with  10-15  resin-canals  ;  central 
tmndle-system.  consisting  of  two  flattened  semi-lunar  bundle-masses,  with  3-7 
Urge  resin-canals. 

4.  Structure  of  thb  Root.  In  the  roots  of  the  Dipterocarpeae  resin-canab 
mre  generally  only  present  in  the  secondary  wood.  In  a  few  species  the  perimedul- 
lary  resan-canab  of  the  hypocotyledonary  stem  extend  into  the  uppermost  part  of 
the  main  root,  which  then  contains  a  pith. 

Appendix  i  :  Ancistrocladus, 

The  genus  Ancistrociadus,  which  is  referred  to  the  Dipterocarpeae  by  Baillon 
and  also  by  Bentham  and  Hooker,  ranks 


i  naturally  as  an  independent  Order, 
in  accordance  with  its  exomorphic  and 
cndomorphic  characters,  and  had  al- 
ready been  regarded  as  such  by  Plan- 
cboD  and  A.  de  CandoUe. 

In  this  genus  resin-canab  are  ab- 
sent in  pith,  wood  and  cortex.  Van 
Tieghem  s  statement  as  to  their  occur- 
rence in  the  pericyde  is,  according  to 
Heim,  Gilg  and  my  own  investigation 
(the  latter  in  A.  §xtensus,  WalL,  and 
A»  Htyneanus,  Wall.),  incorrect  and 
consequently  also  Van  Tieghem's  specu- 
lation with  regard  to  the  svstematic 
position  of  the  genus.    Cork- formation 

takes    place   at    various    deoths    in    the  Fir..  ^     Kimlermis oriowr  side  of  Iraf  m  ^im«- 

pnmary  cortex  (e.g.  in  the*  second  and    j/w/a^w //of«*«i»w.  w*iL-Origin*L 
third    cell-layer   from   the    outside  in 

A,  Vmkltu  near  the  pcricycle  in  A.  guineensis)  and  is  frec^uently  accompanied  bv 
<le\'elopinent  of  pheiloderm.  Hard  bast  is  usually  wanting  in  the  pericycle  (A. 
Heyiuanus),  or  small  bundles  of  hard  bast  arc  present  {A,  extensus).  The  features 
characteristic  of  the  bast  of  the  Dipterocarpeae,  viz.  its  form  in  transverse  section 
and  the  stratification  into  hard  and  soft  bast,  arc  not  present.  The  secondary 
bast  and  sometimes  also  the  primarv'  cortical  tissue,  however,  contain  stone-cells, 
which  are  more  or  less  branched,  and  in  the  secondary  bast  arc  often  elongated  in 
the  vertical  direction,  and  which  in  their  form  recall  CtiicAaiia-sclercnchyma 
<v4.  tMUnsus  and  A,  Heyneanus). 

As  regards  the  structure  of  the  wood,  in  A.  extensus  I  find  narrow  medullary 
rays,  scattered  vesseb  with  lumina  of  medium  size,  and  with  simple  perforations 
and  bordered  pits  even  in  contact  with  the  parenchyma  of  the  medullary  rays, 
rather  thick-walled  wood-prosenchyma  with  bordered  pits  (according  to  Gilg  also) 
and  tangential  bands  of  wood-parenchyma  in  the  later  growth  of  the  wood. 

Acrarding  to  Heim  and  Gilg,  and  I  am  able  to  confirm  this  in  the  case  of  A.  ex- 
ffffUMi,  peculiar  clustered  and  solitary  crystals  consisting  of  oxalate  of  hme  occur  in 
the  pitli  and  cortex  of  the  branch.  The  former  resemble  sphaehtes ;  the  latter 
diller  from  ordinary  sohtary  crystab  in  having  a  more  rod-Uke  shape  and  a  some- 
what corroded  surface. 

The  Itmtt  in  the  two  species  investigated  by  me,  is  characterized  especially  by  the 
■on  of  verticaUy  transcurrent  veins  ana  of  peltate  hairs  (Fig.  32)  of  charac- 
;  itmctore.    The  latter  are  of  medium  size,  are  visible  even  to  the  naked  ejre. 
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and  do  not  cause  any  dense  covering  on  the  leaf-surface.  The  stalk  consists  of 
a  small  cell-plate,  which  is  formed  by  2-4  thick-walled  ceUs ;  the  shield  has  an 
entire  margin  and  is  composed  of  (a  layer  of  cells,  which  have  a  polygonal  oatline  in 
surface-view,  and,  in  their  arrangement,  indicate  more  or  less  clearly  the  original 
division  of  the  mother-cell  of  the  shield  into  four  cells.  Each  of  the  stomata  is 
surrounded  by  several  ordinary  epidermal  ceUs. 

2.  Lophira. 

The  genus  Lophira  included  among  the  Dipterocarpeae  by  Bentham  and  Hooker 
and  others,  but  recently  appended  to  the  Ochnaceae  by  Gilg,  deviates  anatomically 
from  the  previous  Order  according  to  Van  Tieghem.  In  L.  aiata.  Banks,  the  strati- 
fication of  the  bast  pecuhar  to  the  Dipterocarpeae  is,  in  the  first  place»  wanting  ;  in 
the  pericycle  isolated  groups  of  hard  bast  are  present,  while  secondary  hard  bast  is 
absent.  Secondly,  resin-canals  are  not  developed.  Thirdly,  the  petiole  is  dif- 
ferently constituted  from  that  of  the  Dipterocarpeae ;  for  it  contains  is<Mated  vascular 
bundles.  On  the  other  hand,  in  common  with  the  Dipterocarpeae,  Lophira  has 
cortical  bundles  (according  to  Douliot),  superficial  cork-formation,  and  also  (accord- 
ing to  Cas.  de  Candolle)  the  same  type  of  structure  in  the  midrib  of  its  leaL 

In  completion  of  the  anatomicsd  diagnosis  of  Lophira,  it  may  be  added  that, 
according  to  Van  Tieghem,  isolated  sclerenchyma-fibres  or  ^ups  of  these  elements 
occur  in  the  pith  and  primary  cortex,  and  that,  according  to  Heim,  the  leaf- 
structure  is  bifacial,  that  a  one-layered  hypoderm  is  developed  below  the  upper 
epidermis,  that  the  stomata  occur  only  on  tne  lower  side  and  are  accompanied  tnr 
two  subsidiary  cells,  which  are  parallel  to  the  pore,  and  that  oxalate  of  lime  is 
excreted  in  the  form  of  clustered  crystals. 

3.  Monotes, 

The  genus  Monotes  is  separated  from  the  Dipterocarpeae  by  Brandis  and  Heim 
on  account  of  its  exomorphic  features  (short  andro^ynophore)  and  the  absence  of 
resin-canals.  Heim  regaros  the  genus  as  an  intermediate  type  between  the  Diptero- 
carpeae and  the  TiUaceae. 

In  place  of  resin-canals,  as  in  certain  Dipterocarpeae  and  Tiliaceae.  numer- 
ous mucilage  spaces  are  found  in  the  pith,  primary  cortex,  and  bast  of  MonoUs ; 
these  are  approximately  isodiametric  or  are  elongated  in  the  vertical  direction  ;  in 
the  primary  cortex  they  are  provided  with  a  distinct  epithelium,  though  they  are 
lysigenous  throughout.  An  approximation  to  the  Dipterocarpeae  in  anatomical 
characters  is  afiorded  by  the  following  features :  the  three  leaf-traces  and  the 
occurrence  of  cortical  bundles,  owing  to  the  lateral  leaf-traces  running  in  the  pri- 
mary cortex  through  almost  the  entire  intemode ;  the  occurrence  of  nomeroos 
parenchymatous  sclerenchyma-cells  in  the  primary  cortex  of  the  axis  ;  the  excre- 
tion of  oxalate  of  hme  in  the  form  of  clustered  crystals ;  and  lastly  the  stomata, 
each  of  which  is  surrounded  by  several  epidermal  ceUs.  On  the  other  band,  the 
characteristic  form  of  the  grou^  of  bast  m  the  bundle-ring  of  the  axis  appertain- 
ing to  the  Dipterocarpeae  and  Tiliaceae  is  wanting  in  Monotes.  The  bast»  nowever, 
is  stratified.  The  pericycle  contains  an  almost  continuous  ring  of  fibres  ;  the  secon- 
dary bast  contains  concentric  sclerenchymatous  rings,  which  consist  of  secondary 
hard  bast  and  sclerosed  ray-parenchyma.  In  Monotes  Uie  hairy  covering  consists  A 
rather  long  simple  unicellular  trichomes,  which  are  often  somewhat  tortnons*  of 
rather  shorter  unicellular  hairs  grouped  in  tufts,  and  of  glandular  hairs  (the  last 
being  either  shortly  stalked  with  a  unicellular  spherical  or  eUipsoid  head,  or  dab- 
shaped,  but  even  then  uniseriate). 

To  complete  the  diagnosis  I  add  the  following  statements,  in  accordance  with 
what  is  found  in  Mechow's  specimen  No.  434 :  the  leaf-structure  is  centric,  the  whole 
of  the  mesophyll  being  formed  of  palisade-tissue  which  becomes  looser  towards  the 
lower  side  ;  there  is  a  1-2 -layered  hypoderm  below  the  upper  epidermis  of  the  leaf 
(while  Heim  figures  bifacial  structure  and  no  hypoderm  m  the  jdant  investigatMi 
by  him);  the  hypoderm  and  the  strikingly  sniiaLll-celled  lower  eptdermis  contain 
cells  with  mucilaginous  membranes. 

Literature :  Mbller,  Holiaoat.,  Denkschr.  Wiener  Akad.  1876,  pp.  80,  81,  sad  376.— Cai.  de 
Candolle,  Anat.  comp.  det  feoillet,  M^m.  Soc.  de  pbyi.  et  dliist.  nat  de  Gtn^ve,  t.  szvi,  a,  1879, 
pp.  440,  441,  pi.  ii.— K.  Miiller,  Engler,  Bot  Jahrb., Bd.  ii,  i88a. pp.  446-51.— Van Ticgfaem,BalL Soc 
bot.  de  France,  1884,  pp.  141  and  39a  et  leq — Solereder,  Holntr.,  1885,  PP-  8i-^---Vtti  Tkfhea, 
Ann.  ic.  nat,  i^r.  7,  t.  i,  1885,  pp.  27,  59  and  67  et  leq.^Hittemann,  Veift.  Anat.  dcrD.te.»  DiM. 
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Kiel,  1886,  pp.  84-«2.^Biirck.  D.  des  Indes  ateL,  Ann.  Jard.  bot.  de  Bnitenzocg,  tol.  tI,  1887, 
p.  145  et  teq.— (LeUoit,  Canmaz  wiaix,^  Thk^  Pmris,  1888).— Van  Tieghem,  Ann.  sc  naL,  s^r.  7, 
t.  Tiii,  1888,  p.  14a  ct  teq.— Donliot,  Ann.  tc  naL,  s^r.  7,  t  x,  1889,  p.  34a,  343.— Pierre,  Flore  foreit 
de  la  Cochmchine,  Fate  xri,  zrii,  Ub.  a50-7,  1891-a. — Van  Tiegbem,  Can.  atoft.  dans  les  D., 
Journal  de  bot  1891,  pp.  378-85.— Hcim,  AmistracUdm,  Boll.  Soc.  Iinn.de  Paris,  i89aj^pp.  1059- 


61  and  Keen,  snr  les  D..  Tbtse,  fans,  189a,  16O  pp.  and  11  dL— Becberax,  ^Mkrctbild..  Uias.,  Dcm, 
i^S*  P-  30  ct  "^^  ^^¥>  Ochnaoeae,  in  Nattirl.  Pflanxenfam.,  3.  Teil,  Abt  6,  1893*  p.  134  and 
Her.  devtsch.  bot.  Geiellich  ,  1803,  p.  ao  et  leq.,  as  also  Ancistrocladaceae,  in  Natiirl.  Pflanxenfam., 
loc.  cit,  189^1,  pp.  a74,  a7K.— Hnndis  and  Gilg,  in  Natfirl.  Pflanaenfun.,  3.  Teil,  AbC  6,  1895, 
pp.  a44-8.— Seek,  SdcretM.,  Pringsheim  Jahr^  fid.  zzvii,  1805,  p.  a3i  et  seq.— Brandis,  Ennm. 
of  tbe  D.,  Ac,  Jonm.  Linn.  Soc,  toL  zzxi,  1895.  pp.  1-148,  and  3  pL,  especially  pL  1. — [Ponlsen, 
Nektarier,  Vidensk.  Meddelels.  fra  natnrb.  For.  i  Kj^bcnbaTn,  1897,  pp.  356-71,  3  tab.] 

CHLAENACEAE. 

Only  a  few  statements  >  have  been  published  on  the  anatomy  of  this  small 
Order,  which  is  endemic  for  Madagascar.  In  addition  to  these,  a  casual  in- 
vestigation of  my  own  on  the  leaf-structure  of  Sarcdaena  muliiflora,  Thouars, 
Leptolaena  muUiflora^  Thouars,  Schizolaena  rosea,  Thouars,  and  Rhodolaena 
sp.  Hildebrandt  n.  3823,  is  taken  into  consideration  in  the  following  description. 

The  leaf  is  bifacial  in  structure.  The  epidermal  cells  on  botih  sides  of  the 
leaf  have  a  polygonal  contour,  and  are  characterized  by  their  small  dimen- 


PiG.  vv    A,  Truwrerae  Mcttoo  thrcMfh  one  of  the  •mall  dcprtiBioni  (pits)  on  the  lower  Nfflaoe  ofths  leaf  of 
SckiMoimtnm  rtmm,  TInaarB.    ■,  Scnall  tale  of  Smrmlmtmm  muUtOffrm,  Tboaan  in  isTCsoe-view.— Original. 

sions  in  Sarcolaena  muUiflora  (on  the  upper  side)  and  in  Rhodolaena  sp.  (on  both 
sides).  In  Sarcolaena  muUiflora,  Schizolaena  rosea,  and  Rhodolaena  sp.,  the 
integumental  tissue  of  the  upper  side  of  the  leaf  is  strengthened  by  the  develop- 
ment of  a  i-2-layered  hypoderm.  The  latter,  in  Sarcolaena  muUiflora  and 
Schizolaena  rosea,  contains  cells  with  mucilaginous  inner  membranes,  while 
in  Leptolaena  muUiflora  similar  cells  are  present  in  both  upper  and  lower 
epidermis  and  in  this  plant  penetrate  deep  into  the  mesophyll.  The 
»tomatm  are  surrounded  by  a  rather  large  numoer  of  ordinary  epidermal  cells. 
They  occur  only  on  the  lower  side  of  the  leaf,  and  are  uniformlv  distributed 
over  it  in  Leptolaena  and  Rhodolaena,  while  in  Sarcolaena  and  Schizolaena 
they  are  restricted  to  small  depressions  on  this  surface  (Fig.  33).  The 
vascular  bundles  of  the  veins  are  always  accompanied  by  sderenchyma. 
They  are  either  embedded  in  the  mesophvU  {Leptolaena)  or  are  vertically 
transcurrent  {Sarcolaena,  Schizolaena,  Rhodclaena).  In  the  latter  case  the  vein 
is  either  {Sarcolaena,  Schizolaena)  transcurrent  on  the  upper  side  by  means  of 
plates  of  sclerenchyma,  while  parenchymatous  tissue,  having  large  lumina  and 
sometimes  containing  mucilage-cells,  adjoins  the  vascular  bundle  on  the  lower 
sjde«  or  {Rhodolaena)  it  is  vertically  transcurrent  on  both  sides  by  means 
of  lignified  parenchyma. 


*  Literature  :  Solereder.  Holntr.,  1885,  p.  83.— Van  Tiesbcm,  Ann.  tc  nat.,  i^r.  7,  t  i,  1885, 
p.  75.  noce.^IIitwmann,  Dift.,  Kiel,  1886,  pp.  9J-4.— K.  Schnmann,  Natiirl.  Pflanienfam.,  3.  Teil, 
Abt.  6,  1893,  pp.  i68-9b 

m  L 


146  CHLAENACEAE 

The  hairy  covering  (Fig.  33)  consists  of  clothing  and  glandular  hairs. 
The  clothing  hairs  are  either  (a)  ordinary  simple  unicellular  trichomes  with 
thick  walls  and  narrow  lumina,  as  a  rule  compressed  at  the  base,  not  much 
elongated,  and  pointed  at  their  ends  (branches  of  Rhodolaena) ;  or  (b)  two- 
armed  unicellular  hairs,  with  thick  walls  and  narrow  lumina,  and  with 
arms  which  are  usually  of  very  unequal  length  and  often  curiously  twisted 
(leaves  and  parts  of  the  flower  of  Sarcolaena^  Schizolaena  and  LepMaena, 
and,  according  to  Schimiann,  in  Xerochlamys  also) ;  or  lastly,  (c)  peltate  hairs 
(small  pits  in  the  leaf  of  Sarcolaena  and  Sckizolaeka  and  parts  of  the  flower  of 
Leptolaena)^  which  consist  of  a  unicellular  thin-walled  shield  with  more  or  less 
numerous  ra}^  and  of  a  unicellular  or  multicellular  stalk,  which  is  often  elon- 
gated.  The  glandular  hairs  are  multicellular  and  either  club-shaped  or  stalked, 
beingprovideid  in  the  latter  case  with  an  ellipsoid  few-celled  head. 

The  following  is  to  be  noted  with  regard  to  tiie  structure  of  the  branch. 
A  transverse  section  of  the  wood  {SarcolatnOy  Leptolaena)  shows  1-2-seriate 
medullary  rays  and  mostly  isolated  vessels  with  rather  small  lumina  (maximum 
diameter,  *o^  mm.).  The  vessels  have  simple  perforations,  and,  where  they 
are  in  contact  with  parenchyma  of  the  medullary  rays,  they  bear  bordered 
pits  with  transitions  to  large  simple  elliptical  pits.  Here  and  there  the  wood- 
parenchyma  is  abundantly  developed.  The  wood-prosenchyma  has  thick  walls, 
and  rather  narrow  lumina,  and  bears  typical  bordered  pits  on  its  walls. 

The  pith  of  Sarcolaena  muUiflora  and  Leptolaena  muliiflora^  and  likewise, 
according  to  Schumann,  of  Xerochlamys  pilosa^  Baker  \  contains  mucilage- 
spaces  formed  by  cells,  the  membranes  of  which  are  mucilaginous  on  all  sides 
or  on  one  side  only ;  in  Sarcolaena  muUiflora  similar  elements  are  also  present 
in  the  primary  cortex.  Moreover,  stone-cells  have  been  observed  in  the  pith 
and  primary  cortex  in  Sarcolaena  muUiflora.  The  pericyde  {Sarcoliuna^ 
Leptolaena^  Rhodolaena)  contains  isolated  groups  of  bast-fibres,  and  the  seoHidary 
bast  contains  bands  of  bast-fibres,  which  are  sometimes  united  by  sclerosed 
ray-parenchyma. 

Oxalate  of  lime  is  excreted  in  branch  and  leaf  in  the  form  of  clustered 
crystals. 

MALVACEAE. 

I.  Review  of  the  Anatomical  Features.  The  Malvaceae  are  character- 
ized by  the  possession  of  stellate  hairs,  of  secretory  organs  containing  mudlage, 
and  of  bast  with  a  characteristic  structure,  although  these  three  anatomical 
features  do  not  appear  in  every  member  of  the  Order.  The  mucilage-containing 
secretory  organs  are  either  (a)  epidermal  cells,  which  have  a  mudlaginous 
inner  membrane  and  frequently  give  rise  to  traLnsp>arent  dots  in  the  leaf,  or 
(6)  cells  with  mucilaginous  walls  in  the  g[round-tissue  of  axis  and  leaf,  or 
(c)  mucilage-cavities  of  lysi^enous  origin,  wmch  are  sometimes  differentiated  as 
canals.  In  a  transverse  section  of  the  branch  the  phloem-portions  of  the  vascular 
bundles  have  a  wedge-shaped  contour,  which  narrows  outwards,  while  conversdy 
the  primary  medullary  phloem-rays  lying  between  them  become  broader  out- 
wards ;  the  bast-portions  are,  moreover,  stratified  into  hard  and  soft  bast. 

The  leaves  of  the  Malvaceae  are  almost  always  bifacial  in  structure; 
embedded  as  well  as  vertically  transcurrent  veins  occur ;  a  special  type  of 
stoma  is  not  present ;  in  certain  species  sclerenchymatous  dements  are  present 
in  the  mesophyll  (Bombax^  Goethea,  and  Pavonia)  and  stomata  occur  on  both 
sides  of  the  leaf.  The  structure  of  the  axis  shows  uniformity  as  regards  the 
occurrence  of  simple  perforations  in  the  vessels  and  the  lack  of  wood-prosen- 

■  K.  Schamann's  dtation  'X,  multijlora^  Bak.'  b  piobably  only  an  ovtnifliu 
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chyiTia  with  typkal  bordered  pits.  The  medullary  rays  of  the  wood  vary 
in  breadth  ;  woiod-parenchyma  is  either  abundant  or  scant ;  the  wood-prosen- 
chyma  either  has  thick  walls  and  narrow  lumina  or  has  broad  lumina.  The  cork 
arises  in  the  outermost  cell-layer  of  the  primary  cortex  or  in  the  epidermis. 

The  hairy  covering  (Fif.  54),  apart  from  the  stellate  hairs  already 
mentioned,  consists  of  simple,  unicellular  or  uniseriate  brisUe-hairs,  and 
of  peltate  and  glandular  hairs  of  varied  structure.  Oxalate  of  lime  is 
deposited  in  the  form  of  ordinary  solitary  or  clustered  cr5^tals.  Lastly,  in 
some  members  of  the  Order  {Gossyfnum^  Fugosia^  Thespesia)  there  are  schizo- 
eenous  ( ?)  secretory  .cavities,  which  are  filled  with  brown  contents,  and  are 
frequently  to  be  observed  even  with  the  naked  eye  as  opaque  or  transparent 
dots  in  the  leaf,  &c. 

2.  Structure  of  the  Leaf^  According  to  the  investigations  of  G.  Kuntze 
and  Dumont  the  leaves  of  the  Malvaceae  are  almost  always  bifacial  in  structure. 
On  trie  structure  has  only  been  observed  in  CAoristacns^t/Iora,  by  Dumont,  and  in 
Malva  parvi/hrm  L.,  by  Volkens.  The  epidermal  cells  have  straight  or  undulated 
lateral  walls.  A  many-layered  epidermis  has  only  been  met  with  in  three 
species  {Gossypium  drynariaideSfBambax  puhescens^  and  Durio  zibetkinus).  Occa- 
sionally only  a  certain  number  of  the  epidermal  cells  are  divided  by  horizontal 
walls  into  two  cells,  e.g.  in  Chorisia  asperifolia,  St.  Hil.,  and  Quararibea 
fiahbunda^  K.  Schum.  Hypoderm  is  described  by  Radlkofer  in  Durio  lanceo- 
laius^  Mast.  The  cuticle  varies  very  much  in  thickness  ;  thus  in  the  Hibisceae 
and  Althaceae  it  is  thin ;  in  most  of  the  Bombaceae  thicker,  while  in  Bambax 
pubescens^  Mart.,  it  is  very  thick  and  strong,  besides  being  provided  with 
a  coating  of  wax.  Striation  of  the  cuticle  is  of  frequent  occurrence ;  high 
cuticular  ridges  are,  however,  found  only  in  Pachira  aquatica,  Ceiba  Rivicri^ 
K.  Schum.,  C.  eriantkus^  K.  Schum.,  Carolinea  aiba,  Lodd.,  and  Charisia  tnstgnts, 
H-  B.  K.  The  occurrence  of  cells  with  mucilaginous  membranes  in  both  upper 
and  lower  epidermis  is  a  very  wide-spread  phenomenon  in  the  Order.  These 
cells  are  found  especially  in  the  upper  epidermis,  where  they  are  often  of 
considerable  size,  and  in  that  case  their  inner  portions  penetrate  the  meso- 
phyll,  e.e.  in  Althaea  rosea,  Cav.,  Pavonia  monatherica,  Cas.^  several  species  of 
.\/J7:  jtiscMs,  all  the  Hibisceae  and  Adansonia  according  to  Kuntze,  and  in 
sjieries  of  Durio  and  Boschia  according  to  Radlkofer ;  in  these  latter,  the 
large  mucilaginous  epidermal  cells  are  flask-shaped  and  cause  transparent 
dots  m  the  leaf.  In  the  development  of  the  stomata,  according  to  Dumont  an 
epidermal  cell  divides  once,  twice,  or  three  times  ;  the  cell  last  separated 
becomes  the  mother-cell  of  the  two  guard-cells.  Consequently,  the  guard-cells 
in  this  Order  are  surrounded  by  a  variable  number  of  epidermal  cells, 
and  hence  the  stomatal  apparatus  presents  a  constant  anatomical  character 
only  m  so  far  as  special  subsidiary'  cells  are  wanting.  In  the  Ureneae  and 
R-rmhaccae,  according  to  Kuntze's  statements,  the  stomata  are  present  only 
on  th^  lou-er  surface  of  the  leaf  ;  in  the  remainder  of  the  Malvaceae,  according 
to  the  same  author,  stomata  are  as  a  rule  also  present  in  the  upper  epidermis 
when  the  leaf  is  densely  covered  with  hairs  on  its  upper  side.  Malformed  stomata 
occur  m  large  numbers  in  Ttuspesia  populnea,  Corr.  According  to  the  investiga- 
tion* of  Kuntze,  the  smaller  veins  are  vertically  transcurrent  or  embedded  ;  em- 
bedded veins  were  observed  in  some  of  the  Malveae,in  the  Ureneae  andHi^isreae, 
vertically  transcurrent  veins  in  the  Mai veac  and  in  the  Bombaceae.  Sclerenchjina 
may  occur  accompanying  the  vascular  bundles  (in  the  Malveae  rarelv, 
e.  g.  m  Kydia  catycina^  Roxh.,  and  Hoheria  populnea^  A.  Cunn.,  where  only 


^  Moa  inporunt  litcntore :  r>cineot.  i^^;.  ^rA  Klh'zc.  i*«gi.  U.  cc  The  grnerm  invncifBlcd 
bjr  iMaoot  an  cnuMsntcd  bdow  in  the  defcnp-cion  of  the  maaUgfrecepUelci;  with  r^fud  to  the 
matcrul  nvcttifited  bjr  Kantn,  we  the  work  of  th«t  aatfaor. 
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two  or  three  bast-fibres  are  present ;  further,  in  most  of  the  Ureneae  and 
Hibisceae  as  weU  as  in  the  majority  of  the  Bombaceae),  or  it  may  be  absent 
(in  most  of  the  Malveae,  in  Sema  incana^  Cav.,  Hibiscus  diversifoUus,  Jaoq^ 
Gossypium  herbaceum^  L.,  in  Adansonia]  and  Ockroma).  Sclerenchsrmatous 
elements,  running  freely  in  the  mesophyll,  are  stated  by  Kuntze  to  occur  in 
the  form  of  fibre-like  cells  in  Bombax  pubescens,  Goethea  cocdnea^  and  Pavonia 
intermedia. 

The  structure  of  the  principal  vein  is  often  complex  in  the  Bombaceae, 
according  to  Kuntze.  Transitions  to  this  complex  type  occur  in  representatives 
of  the  remaining  tribes.  For  details  on  this  point,  Kuntze's  work  should  be 
referred  to. 

Regarding  the  petiole,  it  may  be  mentioned  that  in  the  Bombaceae,  and 
in  speaes  of  Abutihn^  Anoda^  nibiscus,  and  Lavatera^  a  transverse  section 
exhibits  an  uninterrupted  ring  of  wood,  while  in  other  Malvaceae  the  petiole  is 
traversed  by  isolated  vascular  bundles  embedded  in  the  ground-tissue.  The 
number  of  the  bundles  varies,  and  does  not  agree  even  in  the  most  closely  related 
species  of  the  same  ^enus.  According  to  Kuntze  and  Dumont  (U.  cc),  the 
fibro- vascular  system  m  the  petioles  of  Bombax  pubescens^  Mart.,  Durio  zibethinus 
and  of  Coelostegia,  possesses  a  very  complicated  structure. 

To  complete  the  description  of  the  leaf-structure,  some  anatomical 
features  appertaining  to  the  axis  as  well  as  to  the  leaf,  viz.  the  secretory  organs, 
the  features  of  the  crystals  and  the  hairy  covering,  may  be  reviewed.  The 
mucilaginous  contents  of  the  epidermis  of  the  leaf  in  many  species  has  already 
been  discussed  above.  In  the  members  of  this  Order,  mucilage  however  also 
occurs  elsewhere,  in  the  axis  as  well  as  in  the  leaf,  and  always  originates 
by  metamorphosis  of  the  cell-wall  *.  The  mudlage-receptades  are  either 
cells  or  spaces  of  lysigenous  origin,  which  are  sometimes  of  the  nature  of 
canals. 

Dumont  makes  a  series  of  very  valuable  statements  on  the  occurrence  and 
distribution  of  the  mudlage-containing  elements  in  the  axis  and  leaL     Below 


I  will  only  give  quite  a  short  abstract  ofthese  statements,  and  refer  to  the  original 
treatise  for  further  particulars.  We  cannot  here  enter  into  the  detailed  statements 
of  Kuntze  and  Walficzek,  dealing  with  the  same  features. 

Dumont,  in  the  first  place,  describes  mucilage-cells  and  mudlage-cavities  as 
occurring  in  the  axis  (pith  and  cortex)  of  the  Eunialveae  (Afo/vo,  AUkasat  Lavaiera^ 
Nafaea),  Sideae  {Anoda,  Sida,  Cristaria,  Hoheria),  and  Malopeae  {KitaibeliOt  Malope^ 
and  Palava)  investigated  by  him.  In  the  Sideae  only  a  few  mudlage-ceUs  are 
present  in  the  pith ;  they  here  become  united  into  short  Ijrsigenous  cimals.  Still 
more  elongated  mucilage-canals  are  found  in  the  pith  of  the  Malopeae.  In  the 
Abutileae  (A  butilon,  Wissadula,  Sphaeralcea^  Kydia),  m  the  Ureneae  ( C/nms,  PmHmis, 
Malvaviscus,  Goethea,  Malachra),  and  in  the  Hibisceae  (Hibiscus^  Loftmorts,  Gossy- 
pium, Thespesia,  Fugosia)  the  number  of  mudlage-cdls  and  mucilage-cavities  is 
much  smaller  than  in  the  Eumalveae,  &c  In  the  Ai>utileae,  Ureneae,  and  Hibisceae 
canal-like  mudlaee-cavities,  which  correspond  to  those  of  the  Malopeae,  appear 
in  Malachra  and  Hibiscus  only.  Lastly,  in  the  tribe  Bombaceae,  the  Adanaoniese 
{Eriodendron,  Bombax,  Adansonia,  Chorisia,  Packifa)  yos»tas  mudlage-ceUs  and 
mudlage-cavities  in  abundance ;  these  are  rare  in  the  Matisieae  (QnsrsrtMM,  Ockrotaa, 
Scleronema,  Hampea),  very  rare  in  the  Durioneae  (Dufio,  Coelasiegia^  Bosckim).  In 
the  three  genera  of  the  Durioneae  last  mentioned  canal-like  mudlage-cavities  are 
present  in  the  pith.  Before  leaving  the  subject  of  the  mucilage-elements  of  the 
axis,  the  occurrence  of  these  elements  in  the  wood-  and  ba8t-paiench3rma  of  the 
roots  of  Althaea  and  Napaea  deserves  special  mention. 

In  the  leaves,  according  to  Kuntze,  apart  from  the  epidermis,  mucilage  is 
frequently  found  in  elongated  canals  on  the  lower  side  of  the  vascular  bandies  o< 
the  veins.     Mudlage-receptacles  also  occur  in  the    mesophyll,   e.g.   mncilage- 


'  Hartwich*!  ttatement  (Hartwich,  loc.  cit)  that  the  macilmgc  of  the  manh^MdWiiv  it  a  dtiect 
product  of  the  protoplasm  is  incorrect 
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cellt  in  PlmfimUku$  sidoidss^  Hook.,  Hokma  populnsop  A.  CtmiL,  QumrmHb$m  htr* 
b$nmtm.  Pair.  (Radlkofer). 

Secretory  cavities,  filled  with  brown  contents,  must  not  be  confused  with 
the  mucilage-receptacles.  They  occur  in  the  closely  allied  genera  Gossyfium, 
Tkespesta^  and  Fugosia^  and,  according  to  Dumont,  are  of  scmzogenous  origin  ^. 
They  cause  translucent  or  dark  opaque  dots  in  the  foliage-leaves,  sepals,  &c. 

Oxalate  of  lime  is  excreted  in  the  form  of  ordinary  solitary  or  clustered 
crystals.  Bodies  resembling  crystals,  of  unknown  chemical  composition,  and 
consbting  of  numerous  rapmde-like  needles,  are,  according  to  Kuntze,  found  in 
the  epidermal  cells  of  Gcetkea  cocdnea. 

The  types  of  hairs  in  this  Order  are  very  diverse,  embracing  stellate  hairs, 
tufted  hairs,  small  scales,  simple  bristle-hairs,  and  glandular  hairs  of  various 


Pm.  S4-    Hairy  covtriaf  of  tke  MahraoMe.    a.  Stellate  hair  of  AWkmim  ^ffkimmlit^  L.    B,  Stellate  hair  of 


M^imkrm  wmii^u,  L»  c,  Stelkte  hair  of  M»lvasirum  msjhtrn'mmm,  Garcke.  D,  Peltate  hair  of  DmrU  Immeto- 
Satm,  Mam,    I,  Hairy  cofcrlaf  of  Mmhmstrmm  cmfnut^  Gray.— a.  After  Yogi ;  »-€  aad  B.  after  I 


shapes.  Several  of  these  sometimes  occur  in  one  and  the  same  species.  The 
ileUate  and  tufted  hairs  (Fig.  34,  A-C)  are  to  be  regarded  as  the  characteristic 
form  of  hair  in  the  Order,  on  account  of  their  wide  distribution  in  it.  Different 
forms  of  stellate  hairs  depending  on  the  number,  length,  arrangement,  and 
insertion  of  the  ray-cells  are  found,  but  cannot  be  more  fully  described  here. 
I  wiU  only  mention  that  the  stellate  hairs  are  sometimes  seated  on  multiseriate 
emergences  (Fig.  34,  C)  and  that  in  Malachra  radiata,  L.  (Fig.  34,  B),  according 
to  Kuntte,  the  rays  are  not  unicellular  as  is  usually  the  case,  but  uniseriate. 

The  peltate  hairs  have  been  investigated  by  O.  Bachmann  in  species  of 
Tkitpetim,  Hibiscus^  Boschia,  Durio,  and  Neesia.  Kuntze,  moreover,  states 
that  peltate  hairs  occur  also  in  Plagianihus  squamatus^  Benth.,  and  in  Bamhax 


(  to  Hfllael,  the  origin  of  the  lecretory  caTitiet  in  the  cotyledoos  of  C^ssyfimm 
is  Ihtcqwif  fhriti  of '  TTutpiria  maivacta  *  Is  lytigMOiu. 
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pubescenSf  Hart. ;  according  to  Dumont,  they  are  found  in  '  Lagunea  squamea  ' 
{^Hibiscus  sp.)  and  Coelostegia  GriffUhii^  and  according  to  K.  Schumann  in 
all  the  genera  of  his  group  D^oneae  (L  e.  in  Cumingia^  CampiosUman^  Durio^ 
Dialycarpa^  Neesia^  Efoschia,  Codostegia^  and  CuUenia)  and  in  species  of  Quara- 
ribea.  The  peltate  hairs,  investigated  in  detail  by  Bachmann,  show  three 
types  of  structure.  The  first  form,  which  occurs  in  the  genus  Thesfesia^  presents 
no  special  peculiarity ;  its  ray-cells  are  thin-walled,  pointed  at  tneir  ends,  and 
almost  completely  united.  The  peltate  hairs  of  Hibiscus  PaUrsanii^  Ait., 
on  the  other  hand,  are  characterized  by  the  possession  of  a  *  small  upper 
scale ' ;  the  ray-cells  here  have  fairly  thick  walls,  run  out  to  a  point,  and 
are  united  with  one  another  for  unequal  distances.  The  third  form  (Fig.  34,  D) 
is  represented  in  the  genera  of  Bombaceae  by  peltate  hairs,  in  which  the 
shield  exhibits  a  more  or  less  pronounced  doubling  in  the  ntdial  direction, 
inasmuch  as  the  ray-cells  extending  outwards  from  the  centre  of  the  shield 
mostly  stop  short  of  the  margin,  while  those  forming  the  margin  do  not  reach 
itie  centre,  so  that  the  marginal  cells  form,  as  it  were,  a  frame  round  the  central 
cells,  which  in  themselves  are  already  united  to  form  a  small  scale.  It  may 
be  added  that  the  bristle-shaped  hairs  are  either  unicellular  or  uniseriate. 

Lastly,  the  glandular  hairs  (Fig.  54,  £)  are  of  various  forms,  accord- 
ing to  Kuntze.  Small  unicellular  or  few-celled  glandular  hairs,  frequently 
enclosed  in  depressions  of  the  epidermis,  occur  in  species  of  Alihaia^  Hibiscus^ 
Malva,  and  Pavonia.  In  species  of  Abutilan^  in  Hibiscus  setosus^  and  tf .  splen- 
denSf  for  example,  they  are  formed  by  a  filament  of  cells,  of  which  the  uppermost 
cell  is  somewhat  enlarged.  The  glandular  hairs  of  Cristofia  andicola^  Gay 
consist  of  a  very  long  basal  cell,  followed  by  two  or  three  verv  small  ceUs  and 
then  a  large  cell  forming  the  head.  Hidticellular,  glanduhu-  hairs,  which 
are  spherical,  pitcher-shaped,  or  flask-shaped,  are  of  frequent  occurrence  in 
species  of  Malva^  Malvastfum^  and  Wissadula,  FinaUy,  the  depressed  glandular 
hairs  of  Adansonia  and  of  AUhaea  officinalis^  L.,  also  deserve  mention.  In 
section  they  exhibit  a  basal  cell,  a  disc-shaped  stalk-cell,  and  a  tier  of  elongated 
cells  arranged  in  the  form  of  a  fan ;  seen  from  above,  these  hairs  have  the 
appearance  of  ordinary  many-celled  glandular  hairs. 

Extra-floral  nectaries  occur  as  depressed  callosities  of  the  midrib  on  the 
lower  side  of  the  leaf  in  species  of  Hibiscus^  Urena^  and  Gossypium.  In  H. 
tiliaceus,  L.  they  consist  essentially  of  a  pit,  which  is  often  deep,  with  a  number 
of  recesses,  and  is  provided  with  a  narrow  orifice,  while  the  basal  surface  of  the 
pit  is  beset  with  multicellular  glandular  hairs  (Delpino). 

3.  Structure  of  the  Axis.  To  bj^in  with  the  structure  of  the  wood, 
the  following  features  may  be  speciallv  pointed  out,  as  shown  by  my  own  investi- 

Stions,  which  extended  to  species  of  the  genera  P/^^faitiAics,  iioAmtf,  Patfonia^ 
alvaviscus.  Hibiscus,  Thesi>esia,  Adansonia^  and  ffeesia.  The  medullary  rays 
of  the  wood  vary  in  breadth ;  thus  they  are  as  much  as  9-seriate  in  nokerim 
populnea,  A.  Cunn.,  as  much  as  3-seriate  in  Malvaviscus  arbareus^  Cav.,  and 
ihespesia  populnea,  Corr.  The  arrangement  of  the  vessels  and  the  size  of  their 
lumina  also  show  diversity  ;  the  maximum  diameter  varies  between  -036  mm. 
{Plagianthus  sidoidcs.  Hook.)  and  -105  mm.  (Adansonia).  The  vessels,  where 
they  are  in  contact  with  one  another,  have  bordered  pits  of  varied  size  (diameter 
of  the  border  -  .003—006  mm.).  On  the  vessel-walls,  which  are  in  contact  with 
parenchyina  of  the  medullary  rays,  either  bordered  pits  are  present  or  simple  pits 
with  transitions  to  the  former  ;  the  last-mentionea  character  of  the  vessel-wall 
is  p>eculiar  to  the  genera  A  dansonia,  Hokeria^  and  Plagianthus.  Spiral  thickenins 
of  the  vessel-wall  has  been  described  by  me  in  Hoheria  populnsa^  A.  Cunn.  and 
Plagianthus  sidoidcs.  Hook.,  and  by  Mdller  in  Sida  pulchella^  Bonpl.  The 
perforations  of  the  vessels  are  simple.  The  wood-parenchyma  is  some- 
times abundant,  e.g.  in  Adansonia^  Durio^  Neesia^  fa^t  scanty  in  Pavonia. 
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The  wood*pro8enchyina  has  lumina  of  varying  width  ;  it  either  has  thick  walls 
and  narrow  lumina,  as  in  Plagianihus,  or  wide  lumina,  as  in  Malvaviscus  ;  the 
walls  are  orovided  with  pits  which  are  simple,  or  have  a  small  and  indistinct 
border,    beptation  of  the  wood-prosenchyma  occurs  in  Adansonia  '. 

I  have  recently  observed  an  extremely  noteworthy  anatomical  feature  in  the 
stmcture  of  the  medullary  rays  of  the  wckkI  in  DuHo  lanceolaius^  Mast.»  Boschia 
scMhfoiia^  Mast.,  and  Neesia  purpurascens,  Becc.  These  rays  exhibit  tiers  of  cells; 
the  Utter  are  brick-shaped  and  are  placed  with  their  greatest  dimension  in  the  vertical 
directkm*  and  with  their  next  largest  dimension  in  the  tangential  direction,  so  that, 
in  a  transverse  section  of  the  branch,  they  are  elongated  in  the  tangential,  and  not, 
as  is  nsoally  the  case,  in  the  radial  direction,  while  in  a  radial  lon^tudinal  section 
tbev  are  disongnished  from  the  other  cells  of  the  medullary  ray  by  their  slight  breadth 
ana  considerable  elongation  in  the  vertical  direction. 

According  to  Hdhnel,  the  wood  of  the  stem  of  Thespesia  populnea^Qxxt.^  possesses 
wefl-maiked  tiers  in  its  medullary  rays. 

Regarding  the  pith,  mention  may  be  made  of  the  occurrence  of  stone-cells 
in  MaHsia  ac^rocalyx^  K.  Schum.  according  to  Kuntze,  and  of  sclerenchyma- 
fibres  resembling  hard  bast  on  the  inner  side  of  the  wood  in  Pla^ianthus  sidoides^ 
Hook.,  and  Hokeria  populma,  A.  Cunn.  according  to  my  own  observations ;  and 
in  Hibiscus  seU)sus  and  Bambax  malabaricum^  DC.  according  to  those  of  Kuntze. 
The  pith  of  the  species  of  Hibiscus  is  homogeneous  according  to  Mentovich. 

With  regard  to  the  cortex,  the  origin  of  the  cork  deserves  s|:>ecial 
mention.  According  to  Dumont  and  others,  it  arises  in  the  outermost  cell-layer 
of  the  primary  cortex  in  most  cases.  The  following  are  the  onlv  exceptions, 
according  to  Dumont :  the  majority  of  the  Ureneae,  almost  all  the  siDecies 
of  Hibiscus^  and  lastly,  Sida  pulcheUay  in  which  the  epidermis  becomes  the 
phellogen. 

Three  zones  may  usually  be  distinguished  in  the  primary  cortex.  The 
outermost  is  parenchymatous,  and  is  not  very  thick  ;  according  to  Dumont, 
mucilage-receptacles  occur  here  in  the  Eumalveae  only.  The  middle  zone  is 
coUenchymatous  ;  the  innermost  is  parenchymatous,  and  is,  as  a  rule,  the  seat 
of  formation  of  the  mucilage-elements.  In  a  large  number  of  the  Bombaceae, 
e.  g.  in  Boschia  acutifolia^  Mast.,  a  ring  of  stone-cells  is  present  in  the  primary 
cortex.  Stone-cells,  according  to  Kuntze,  also  occur  in  the  cortex  of  Pavonia 
intermedia  and  Godkea  coccinca. 

The  ba8t*portion8  of  the  vascular  bundles  always  possess  the  same  charac- 
teristic type  of  structure,  recalling  that  of  the  bast  of  the  lime.  That  is  to 
say.  in  a  transverse  section  of  the  branch  they  are  narrowed  outwards  in  the 
form  of  wedges,  while  the  intervening  portions  of  the  primary  medullary 
ra>'5  show  a  corresponding  broadening  outwards.  Further,  each  phloem- 
group  is  bounded  towards  the  primary  cortex  by  a  group  of  primary  bast-fibres  ; 
groups  of  bast-fibres  occur  likewise  in  the  secondary  bast,  and  usually  cause 
a  distinct,  more  rarely  (in  the  Ureneae,  according  to  Dumont)  an  indistinct, 
stratification  of  the  bast ;  according  to  Dumont,  the  secondary  groups  of 
hard  bast  are  scanty  in  Gossypium  and  its  allies  as  well  as  in  the  Durioneac. 

The  mucilage-receptacles  and  the  features  presented  by  the  crystals  in 
the  axis  have  already  been  discussed  above  in  the  section  on  the  leaf- 
structure. 

I  may  add  two  observations  regarding  the  root-structure  of  the  Malvaceae. 
The  first  of  these  refers  to  Lanessan's  statement  as  to  the  appearance  of  concentric 
la>'ers  of  cork  around  a  vessel  or  a  group  of  vessels  in  the  wooa  of  the  root  of  Althaea 
oficinaJis,     The  second    is    that,  according   to  Van   Tieghcm,  the  development 


'  Acoordingto  K.  Schonumn,  Oekrcma  Laj^0^s,Sw.  poi^eues  an  QDosoally  light  wood,  contiiting 
wXmom,  cBtiftly  c(  vood-|Nireiichyiiui  and  vetseli. 
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of  primary  hard  bast,  which  elsewhere  is  rare  in  the  root»  is  of  frequent  occiir- 
rence  in  this  Order  and,  it  may  be  added,  in  the  Stercoliaceae  and  Tiliaceae 
also. 

Literature :  Tr^cal,  Mndlages  chez  les  M.  etc.,  Adansooim,  t  vii,  1866-7,  P*  ^i^  ^  Kq. — Cludoo, 
Tiges  ligneases,  etc,  M^m.  1,  Gmnd,  1867,  pp.  9-1 1. — Ranter,  Trichomgeb.,  Deokiclir.  Wiener 
Akad.  1 87 1,  p.  33  et  seq.  and  Taf.  vil— Moller,  Holisanat,  Denkichr.  Wiener  Akad.  1876,  pp.  75- 
77  and  371  et  seq. — De  Bary,  Vergl.  Anat.,  1877. — Laneasan,  Form,  particnl.  de  phdlog.  et  de 
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p.  307  note. — Schumann,  in  NatSrl.  Pflanienfam.,  3.  Teil,  Abt  6, 1890,  pp.  31  and  55^ — Haxtwich, 
Schleimg.  d.  Althaea^  Pharmazent  Centralhalle  1891,  p.  586  et  leq.  and  Phaxm.  Pott  i89i^p.  835. — 
Kuntze,  VergL  Anat  der  M.,  Bot  Centralbl.  1891,  i,  pp.  161,  197,  339,  361,  393  and  335  et  teq.— 
Walliczek,  Membranschleime,  Pringsheim  Jahrb.,  Bd.  xxr,  1893,  p.  309  et  tea. — Gnirand,  IXhr.  et 
local,  des  mncilages  chez  les  M.  offic,  Th^,  Montpellier,  1894, 117  pp.  and  4  pL— Herbst,  Markstr., 
Bot  Centralbl.  1894,  i,  p.  334  et  seq — Virchow,  Blattzilhne,  Archir  o.  Pharmade  1896,  ppw  30-3.^ — 
[Nestler,  Schleimz.  d.  Lanbbl.  d.  M.,  Oest  bot.  Zeitschr.  1898,  pp.  94-9  and  Taf.  tL— Terradano^ 
Nett.  estrannz.  nelle  Bombacee,  Contiib.  1st.  bot  di  Palermo,  toI.  ii,  1898,  pp.  135^^^!,  4  tar.] 


STERCULIACEAE. 

I.  Review  of  the  Anatomical  Features.  In  agreement  with  the  close 
relationshipof  the  Sterculiaceae  with  the  Malvaceae,  thesame  anatomical  features 
are  found  here  as  in  the  latter  Order,  namely,  stellate  and  tufted  hairs^  the 
same  form  and  structure  of  the  phloem  in  the  vascular  bundles  of  the  stem, 
and  lastly,  mucilage-receptacles.  The  latter  are  either  cells  with  mucflaginous 
membranes,  (lysigenous)  mucilage-cavities  or  (schisogenous  or  lysigenous  ?) 
mucilage-canals.  The  mucilage-canals  are  especiaUy  characteristic  of  the 
Sterculieae  and  Dombeyeae,  but  belong  also  to  genera  of  other  tribes. 

The  leaves  of  most  members  of  Uie  Order  are  bifacial  in  structure ;  the 
stomatal  apparatus  belongs  to  no  special  t}^.  The  petiole  as  a  rule  contains 
medullary  bundles  in  the  middle  of  a  bundle-ring.  The  cork  arises  in  the 
outermost  cell-layer  of  the  primary  cortex.  The  wood  consists  (a)  of  medullary 
rays  of  varied  breadth,  (b)  of  vessels  which  vaiy  in  their  arrangement  and 
size  of  lumen  and  usually  have  simple,  very  rarely  (LasiopeUUum)  few-barred 
perforations,  (c)  of  wood-parenchyma  devdoped  m  varymg  abundance,  and 
(d)  of  wood-prosenchyma,  which  as  a  rule  bears  simple  pits,  but  has  typical 
bordered  pits  in  the  Lasiopetaleae. 

Besides  the  stellate  and  tufted  hairs  already  mentioned,  the  following 
structures  also  contribute  to  form  the  hairy  covering:  simple  unicdlular  or 
uniseriate  hairs,  glandular  and  peltate  hairs  (Fig.  35).  Oxalate  of  lime  occurs 
in  the  form  of  clustered  and  of  ordinary  solita^  crystals,  rarely  also  of  small 
prismatic  crystals.    Tannin  is  usually  present  in  abundance. 

The  following  specially  noteworthy  features  have  been  demonstrated  in  the 
Order  :  hypoderm  m  the  leaf  (Ungeria  flaribunda) ;  a  xylem-mass  with  tier- 
like  structure  (Pterospermum  suberifMum,  Lam.) ;   medullary,  ooooentrically 
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constructed  vascular  bundles  with  centrally  placed  phloem  (stem  of  Lepionychia 
UfopkyUa), 

2.  Structure  of  the  Leaf.  On  this  subject  the  following  facts  ma)^  be 
pointed  out,  on  the  authority  of  Dumont*.  The  leaf-structure  is  mostly  bifacial ; 
rarely  (Reevesia)  the  whole  mesophyll  consists  of  palisade- tissue.  The  epidermal 
ctUa  sometimes  (Sierculia)  have  a  thick  cuticle  ;  in  Theobroma  Cacao^  they  are 
of  considerable  size  on  the  upper  side  of  the  leaf.  Gelatinization  of  the  epidermis 
b  common  (e.g.  in  Sierculia).  In  Ungeria  floribunda,  a  one-layered  hypoderm 
containing  clustered  crystals  has  been  observed.  The  stomata  present  the 
same  features  as  in  the  Malvaceae  ;  no  specially  pronounced  type  in  the  arrange- 
ment of  the  neighbouring  cells  occurs.  Regardmg  the  structure  of  the  petiole 
Van  Tieghem  and  Dumont  point  out  that  the  ring  of  bundles  in  most 
members  of  the  Order  encloses  an  inner  arc  of  wood  and  bast,  which  is  open 
on  the  upper  side ;  this  is  wanting  in  the  Buettnerieae  and  Lasiopetaleae 
only.  In  SUrctdia  acerifolia  and  in  Theobroma  Cacao^  Petit  oescribes 
a  bundle-rin^  as  occurring  in  the  characteristic  region  ;  in  the  initial  region 
a  rinf  likewise  occurs  in  SUrculta^  but  in  Theobroma  there  are  four  vascular 
bundles  which  are  orientated  in  the  form  of  an  orthogonal  cross. 

As  in  the  Malvaceae,  mucilage-receptacles  are  also  frequent  in  the 
Sterculiaceae.  They  are  either  cells  with  mucilaginous  membranes,  or 
lysigenous  secretory  cavities,  derived  from  groups  of  similar  cells,  or  lastly 
mudla^e-canals,  which,  according  to  Van  Tieghem,  have  a  schizogenous, 
according  to  Dumont  a  lysigenous,  origin. 

The  mucilage-canals  are  present  in  varying  abundance  in  the  individual 
species  ;  they  vary  also  with  regard  to  their  diameter.  Thev  are  found  in  the 
pith  and  primary  cortex  of  the  branches,  or  in  the  pith  only ;  further,  they  occur 
m  the  ground-tissue  of  the  petiole,  while  they  are  absent  in  the  root.  In  the 
pith  they  form  one  or  two  more  or  less  regular  circles,  but  in  the  primary 
cortex  only  one.  The  medullary  mucilage-canals  of  the  single  circle  or,  when 
two  of  these  are  present,  those  of  the  outer  circle,  are  situated  either  opposite 
the  primary  xylem-groups  of  the  bundle-ring  (Dombeya,  Heritiera^  Tarrietia^ 
according  to  Van  Tieghem),  or  alternating  with  them  {Eriolaena^  Melhania, 
SUrcuiia^  according  to  Van  Tieghem). 

Regarding  the  distribution  of  the  mucilage-canals  within  the  Order  the 
general  statement  may  be  made  that,  according  to  the  existing  investigations, 
these  structures  are  characteristic  of  the  tribes  Sterculieae  and  Domoeyeae, 
and  that  in  the  other  tril)es  of  the  Sterculiaceae  they  only  occur  sporadically. 

Regarding  the  details  of  their  distribution,  we  may  give  the  following  short 
statement  of  Dumont  and  Van  Tieghem*s  results.     Mucilage-canais  are  found  : 

<L)  in  the  pith  and  primary  cortex  of  the  branch,  as  well  as  in  the  parenchyma 
of  the  petiole  in  :  Sterculia  Balanghas,  5.  diversi folia,  S.  mexicana,  S.  plaianifolia ; 
BwatkyckitOH  acerifolium,  B.  pofulneum ;  Tarrietia  Argyrodendron,  T.  javanica: 
Ccia  acuminata,  C,  cordi folia ;  Ertolaena  Wallichii  (but  not  in  E.  Hookeriana) :  Ptero- 
ipermum  acerifoiium,  P.  platanifolium  ; 

(II.)  in  the  pith,  but  not  in  the  cortex  of  the  branch,  besides  being  usually 

prcient   in  the  parenchyma  of   the  petiole  in  :    Heritiera   macrophylla,  Dombeya 

hbtdtniflora  '  (Dumont),    D.  mollis,  D.  natalensis,    Trochetia  Boivini  {sphalmaU 


'  DaowQt,  Am.  k.  nat..  1887,  loc  cit.     The  following  ^cdctsl,  in  the  enumeration  of  which 
1  iollow  the  clAMaficBtion  of  Bentham  and  Hooker,  were  investigated  by  Dnmont : 

Tribe  1.  Scercnlicae:  Sierm/ia  ,incl.  Hrachychiton\  Tarrittia,  Cola^  Iieritiira\  tribe  J.  Helic- 
ttrrae :  Retvttia,  Umgiria,  KUinhtvia,  lieticteres,  I^erosp^rmum  /  tribe  3.  hnolaeneae :  Frio- 
ihflM:  tribe  5.  Dombeycae:  A*uiua,  Pomheya,  Cheirolaena,  Trochttia,  Peniafettt,  Meihamia\ 
Wbe6.  Hefnaaaicae :  Herwumnia.  Mahemia,  Mtlotkia,  \\'altheria\  tribe  7.  Buettnerieae:  Ahrotma, 
GumMumm,  LepUmythia,  Ayenia^  fituttturta^  KuHngia,  Commtnonia*,  tribe  8.  Lailo- 
Strimgm,  Keromdrtnia,  Thomasia^  Guichenotia^  Lasiopeiaimm. 
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*  Boivira '  in  Dumont's  work),  Ckeirolaena  lineaHs.  Rmtia  UbaU^  M$ikmma  /mtm- 
gineay  M.  Kotschyi^  PetUapeUs  acerifolia,  P.  suberifalia^  Thsobroma  Cac^o^  Aoroma 
angusta^  Guasuma  iUmifolta^  Sifingia  plafyphylla^ 

Regarding  the  distribution  of  the  mucilage-cavities  and  mucilage-cells  in 
the^axis  and  in  the  leaf,  I  wiU  only  refer  to  tl^  most  important  bets  in  broad 
outline,  and  for  other  particulars  will  refer  to  the  more  detailed  statements  of 
Dumont.  These  two  kinds  of  mucilage-receptacle  are  to  be  met  with  in  all  the 
tribes,  but  not  in  all  the  genera  and  species ;  they  occur  in  the  bast  and  in  the 
primary  cortex  of  the  branch,  as  well  as  in  the  ground- tissue  of  the  petiole.  They 
are,  as  Dumont  mentions  in  summarizing  the  subject,  fairly  numerous  in  the 
cortex  of  the  Dombeyeae,  often  absent  in  the  brancn  and  lealof  the  Helictereae, 
numerous  in  the  leaf,  but  scanty  in  the  branch  of  the  Buettnerieae  and  Herman- 
nieae,  and  are  developed  in  small  numbers  in  all  the  tissues  of  the  Lasiopetaleae. 
Oxalate  of  lime,  as  a  rule,  takes  the  form  of  clustered  or  solitary 
crystals.  K.  Schumann's  statement  as  to  the  occurrence  of  raphides  in  the 
Sterculiaceae  is  erroneous  and  is  perhaps  due  to  a  misinterpretation  of  a  cita- 
tion made  by  Dumont,  according  to  which  small 
prismatic  crystals  are  present  in  the  mesophyll 
m  Leptanychia  uraphylla  and  Ayenia  magna. 
The  clustered  crystals  of  the  leaf-tissue  arc 
sometimes  large,  and  they  then  occupy  en- 
larged cells  of  the  palisade-tissue  {Rulingia 
pannosa).  We  may  here  refer  to  the  abundant 
tannin  contained  m  the  tissues  of  the  Stercu- 
liaceae. 

The  hairy  covering,  like  that  of  the 
Malvaceae,  consists  of  simple  unicellular  or 
uniseriate  hairs,  of  glandular  hairs,  similar  in 
nature  to  those  of  the  Malvaceae,  of  tufted 
J^\ii!^H:^c:^^j^  or  stellate  hairs,  which  are  sometimes  seated 
o.  Bachnuuin.  on  an  emeigence,  and  lastly  of  peltate  hairs. 

Peltate  hairs,  according  to  O.  Bachmann  and 
Dumont,  are  present  in  HeriHera  Fomes^  Buch.-Ham.,  H.  liUoraliSt  Ait.,  H, 
macrophylla^  Hort.  Calcutt.  (Fig.  35),  Tarrietia  Argyrodendron^  TrocJuiia 
unifloraj  DC.,  T.  Boivini,  Dambeya  sp.  Hildebr.  No.  3575,  and  in  Ckeiro- 
laena linearis.  According  to  O.  cachmann,  the  peltate  hairs  are  of  varied 
structure.  The  peltate  scales  of  species  of  HeriHera  show  a  peculiar  arrange- 
ment of  their  wiae-lumened  ray-cells  in  relation  to  two  middle  lines,  which  are 
at  right-angles  to  one  another;  those  of  Trochetia  uniflora  have  a  small 
upper  scale  of  half  the  diameter  of  the  principal '  shield,'  and  those  of  Dambeya 
sp.  present  no  special  structure  beyond  having  ray-cells  with  thick  walls. 
According  to  Dumont,  spiny  emergences  occur  m  Eriolaena  Hookeriana  and 
species  of  BueUneria. 

3.  Structure  of  the  Axis.  An  examination  of  the  wood  in  twelve  genera 
belonging  to  the  different  tribes  *  led  to  the  following  general  results.  The 
medullary  rays  of  the  wood  vary  in  breadth ;  thus  they  attain  a  breadth  of  ten 
cells  in  Sterculia  coccinea^  Roxb.,  but  are  only  one  to  two  cells  broad  in 
Hermannia  chrysophylla,  Eckl.  et  Zeyh.  Variation  is  likewise  found  in  the 
arrangement  of  the  vessels  and  in  the  size  of  their  lumina  (maximum  diameter 
« -024  to  -I  mm.).   In  the  majority  of  the  species  bordered  pitting  is  present  on 


*  Soleredcr,  Holntruktiir,  1885 :  tpeciet  of  the  following  genera  wcte  invetdgatcd :  Stsremiis, 
Htritiira^  Hilieterts^  Kuvaia^  Dembiya,  Melkama^  Htrwtamna^  WmUhirim^  BmsitmeHm^  Csmmur^ 
sMuOj  Laswptiaium^  Thcimasia\  tec  aUo  Mollcr,  loc  ctL,  icgmrdinf  Dmmktym^  Gunwmmm,  and 
Sterculia, 
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the  vessd-waU  where  it  is  in  contact  with  ray-parenchyma ;  on  the 
other  hand,  in  Sterculia  coccinea^  transitions  to  simple  pits  are  found  on  these 
parts  of  the  waU.  Spiral  thickening  of  the  walls  of  the  vessels  has  been 
observed  in  Reivesia  WaUichii^  R.  Br.  and  HerUiera  macrophyUa^  Hort.  Calcutt. 
The  perforations  of  the  vessels  are  simple ;  but  accompanying  this  type 
scalariform  perforations  with  1-2  bars  are  met  with  in  LasiofetMum  Gunnii, 
Steetx.  According  to  the  species  the  wood-parenchyma  is  developed  in  varying 
abundance.  The  wood  of  ^Urculia  coccinea^  Heritiera  macrophylla  and  Reevesia 
WMlUckii^  is  very  rich  in  wood-parenchyma.     In   the  genera  of  the  Lasio- 

Gtaleae  {LasiopOalum  and  Thomasia)  the  wood-prosenchyma  is  provided  with 
rdered  pits,  elsewhere  only  with  simple  or  with  narrowly  and  indistinctly 
bordered  pits.  The  wood-prosenchyma  either  has  wide  lumina  and  thin 
walls,  or  m  some  cases  thick  walls  and  narrow  lumina,  e.g.  in  Hermannia 
ckrysapkyUa^  Eckl.  et  Zeyh.,  and  in  the  Lasiopetaleae.  Xylem  with  tier-like 
construction  of  the  medullary  rays  has  been  met  with  by  Hdhnel  in  Ptero- 
spermum  suberifoliumy  Lam. 

With  r^ard  to  the  structure  of  the  cortex  it  may  first  be  mentioned 
that  the  cork,  as  far  as  has  been  observed,  always  arises  in  the  outermost 
cell-layer  of  the  primary  cortex.  Sclerosed  cells  are  stated  by  Dumont  and 
MdUer  to  occur  in  the  cork  of  Reevesia  and  of  SUrculia  cardifolia,  Cav.  Accord- 
ing to  Dumont  the  cork  of  the  Lasiopetaleae  has  a  characteristic  appearance 
in  a  transverse  section  of  the  branch,  masmuch  as  the  radial  walls  ot  the  rows 
of  cork-cells  form  zigzag  lines.  Stone  cells  are  met  with  in  the  middle  of  the 
orimary  cortex  in  some  cases,  e.g.  in  Tarrietia  Argyrodendran,  Cola,  and 
Vngeria^  according  to  Dumont.  The  bast  has  essentially  the  same  form  and 
structure  as  in  the  Malvaceae  and  Tiliaceae  ;  the  primary  medullary  rays  of 
the  bast  are  broadened  outwards  in  the  form  of  wec^es,  between  the  groups  of 
bast,  which  consequently  become  narrower  in  the  same  direction  ;  the  secondary 
groups  of  hard  l^t  are  more  or  less  distinctly  arranged  in  tangential  bands, 
and  thus  stratification  of  the  bast  of  varying  distinctness  is  produced. 

The  twining  species,  which  are  restricted  to  the  genus  Buettneria,  are 
normal  in  structure.  Medullary  vascular  bundles  (with  centrally  placed 
phloem)  have  been  observed  (Dumont)  in  Leptonychia  urophylla  only. 

Literatvc:  Tr^l,  Modlmge1^  AdansonU,  t.  rii,  1866-7,  P-  ^4^  ^^  seq.— Mbller,  Holuuiat., 
Dcakidtf.  Wioi.  Akad.  1876,  pp.  78,  79  and  374.— Mollcr,  Rindenanat.,  i88a,  pp.  243-5.— Hbhncl, 
SCockvcrk.  aa%.  Holzk.,  Sitx.-Ber.  Wiener  Akad.,  Bd.  Ixxxix,  Abt.  i,  1884,  p.  43.— Kloppel, 
Sektetbck,  I>iaa.,  Halle  a.  S.,  1885,  lee  alto  Zeitichr.  f.  Natnrw.,  Bd.  Iviii,  pp.  1 59-96.— Soleredcr, 
Holalr.,  1885,  pp.  84-6.— Van  Tieghem,  Can.  4  gomme  des  St,  Ball.  Soc.  bot.  de  France  1885, 
p.  II  ct  Mq.  and  Ann.  ic  nat.,  i^.  7,  t.  i,  1885,  pp.  7^-9.— Bachmann,  Schild.,  Flora  1886,  leparate 
«py.pP-  33f  34.— Plitt,  Blattit,  Diaa.,  Marburg,  1886,  p.  37.— Dumont,  Ann.  tc.  nat.,  icr.  7,  t.  yI, 
its;,  p.  198  et  icq.  and  pi.  7— Petit,  Petiole,  M^m.  Soc.  so.  phvs.  et  nat.,  i^r.  3.  t.  iii.  1887, 
pp.  $oa,  305.— Schumann,  in  NatUrl.  Pflanxenfam.,  3.  Teil,  Abt.  6,  1890,  pp.  69,  70. — Scbenck, 
AaaL  d.  Liaoca,  1893,  pp.  77,  78. — Walliczek,  Membrantcbl.,  Pringtheim  Jahrb.,  Ed.  xxv,  1883, 
pp.  954  cC  wtq, — [Mangin,  Gomme  chex  let  St.,  Compt.  rend.,  t.  cxxt,  1897,  pp.  725-8.] 


'JILIACEAE. 

I.  Review  of  the  Anatomical  Features.  In  their  anatomical  structure 
the  Tiliaceae  show  their  relation  to  the  Sterculiaceae  and  Malvaceae.  In  the 
Holopetalae  (of  Bentham  and  Hooker),  with  the  exception  of  Muniingia, 
mucilage  is  found  in  cells  or  in  cavities,  the  latter  when  situated  in  the  pith 
being  sometimes  elongated  like  canals  (e.g.  in  Luhea,  Corchorus,  &c.),  while 
in  the  Heteropetalae  and  in  Muniingia  it  is  usually  absent ;  in  the  Hetero- 
petalae,  however,  mucilaginous  cells  sometimes  occur  m  the  epidermis  of  the  leaf. 
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The  stomata  have  no  special  subsidiary  cells.  The  veins  are  embedded  in  the 
mesophyll ;  more  rarefy  (Brownlowieae)  they  are  vertically  transcurrent  by 
means  of  sclerenchyma.  Oxalate  of  lime  occurs  in  the  form  of  ordinary  clustered 
or  solitary  crj^tals,  in  TUia  and  in  Solmsia  also  in  the  form  of  styloid-like 
crystals.  Resin-cells  have  been  observed  in  HasseUia  and  Prockia^  caoutchouc- 
receptacles  resembling  laticiferous  tubes  in  PlagiopUran.  The  hairy  covering 
consists  of  simple  unicellular  or  uniseriate  hairs,  as  well  as  tufted,  peltate  and 
glandular  hairs. 

The  wood  contains  (a)  vessels  with  simple  perforations,  but  occasionally 
with  scalariform  perforations  side  by  side  witn  the  former,  and  (b)  wood- 
prosenchyma  with  simple  pits,  and  usually  possessing  relatively  wide  lumina. 
The  vessel-walls,  where  they  are  in  contact  with  parenchyma  of  the  medullary 
rays,  possess  simple  pits  or  bordered  pits  which  sometimes  pass  over  into  simple 
pits.  The  varying  breadth  of  the  medullary  rays,  the  varjonfi^  diameter  and 
arrangement  of  the  vessels,  the  occurrence  or  absence  of  spiral  thickening  on 
the  walls  of  the  vessels,  the  varied  nature  of  the  wood-prosenchyma,  which  is 
sometimes  septate  by  means  of  a  few  division-walls,  and  the  varying  abtmdance 
of  wood-parenchyma  can  all  be  made  use  of  for  spcKufic  diagnosis,  and  probably 
in  part  for  generic  diagnosis  also. 

The  nature  of  the  bast  is  as  a  rule  the  same  as  in  the  Sterculiaceae 
and  Malvaceae.  The  bast-portions  of  the  vascular  bundles  are  narrowed  oat- 
wards  in  the  form  of  wedges ;  between  them  the  primary  medullary  rays 
become  broader  in  the  same  direction.  The  primary  hard  bast,  m  tlus 
case,  consists  of  isolated  bands,  which  are  separated  by  the  tissue  of  the 

f)rimary  medullary  rays,  while  in  Elaeocarpusy  Prockia^  and  HasseUia^  the  outer 
imit  of  the  bast  is  formed  by  an  interrupted  and  composite  sderenchymatoos 
ring.  In  most  members  of  the  Order  the  secondary  bast  is  characteriied  by 
the  possession  of  hard  bast,  which  is  generally  developed  in  layers.  Secondary 
hard  bast  is  wanting  in  Prockia  and  HassdUa  only.  The  cork  arises  inune- 
diately  beneath  the  epidermis. 

2.  Structure  of  the  Leaf.  According  to  the  statements  of  Dumont  *  the 
mesophyll  is  bifacial  in  structure  in  themaiority  of  the  species.  In  the  Brown- 
lowieae investigated  (species  of  the  genera  Berrya^  DipioaiscuSf  ftc.)  as  weU  as 
in  Muniingia  and  Apeiba^  the  whole  of  the  mesophyll  consists  of  palisade-cells. 
MucOaginous  epidermal  cells  are  described  by  Dumont  in  Glybhaea  gremioides 
and  Desplatzia  subericarpa,  by  Van  Tieghem  in  Solmsia  \  and  by  S2]^zylowic2 
in  certain  Elaeocarpeae  andf  Sloaneae.  In  the  two  tribes  last  named  the 
epidermis  is  occasionally  many-layered,  according  to  Szyssylowics.  I  have 
observed  a  one-layered  hypoderm  on  the  upper  side  of  the  lesdf  in  PlagiaMeron 
fragrans.  Griff. ;  this  tissue  in  places  contains  clustered  crystals,  wbicn  also 
occur  in  considerable  numbers  m  the  lower  epidermis.  In  the  TiUaceae  the 
stomata  are  not  accompanied  by  any  special  subsidiary  cells,  and  are  generally 
present  only  on  the  lower  surface  of  the  1^ ;  in  Ari^oidia  water-pores  occur, 
according  to  Reinke.  In  the  Brownlowieae  the  veins  are  vertically  trans- 
current  both  above  and  below  by  means  of  sclerenchyma;  in  the  other 
tribes  the  vascular  bundles  of  the  veins  are  embedded  in  the  mesophyll. 

^  Damont's  (1887)  iDYestigationi  extend  to  the  following  genera:  tribe  i.  Brownlowieae: 
Brownlcwia,  Pentact,  Dipiodiscus,  Pityrantki^  Christiamia^  ^^'Vlf^  Cm^ptdiptwrn ;  tribe  a. 
Grewieae :  Grewia,  Daplatua,  Duboscia,  Erinocarfms^  yaswata,  THuwrftita ;  triba  3.  Tllieae : 
EnteUa,  Sparmannia,  Corckorus,  Lukea,  MoHia^  Muntingia^  THlia  ;  tribe  4.  Apeibcae :  GJyfkmm^ 
Apeiba  ;  tribe  5.  Prockieae:  Prockia,  Hasseltia ;  tribe  7.  Elaeocarpeae  :  Etamctafm^  Aritm&m. 

*  The  gcnnt  Soimsia,  newly  foonded  by  BaiUon,  and  at  firrt  iacMed  by  liiai  in  tlK 
Tiliaceae,  bnt  snbMqiiently  (Bull.  See.  Linn.,  1888,  p.  728)  in  the  Thymdaeaceaa,  k  oae  of  the 
Tiliaceae  on  the  eridenoe  of  its  anatomical  featoret ;  according  to  Van  Ticgbcm  it  pOHOMa  nmd* 
laginoos  epidermal  cells,  prismatic  crystals,  bast  like  that  of  the  lime  and  (Uiif  bdag  the  dcdii^ 
point)  simply  collateral  vascular  bandies. 
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Oxalate  of  lime  is  usually  deposited  in  the  fonn  of  ordinary  solitary 
or  clustered  crystals.  In  Tilia  (bast  of  the  axis)  and  in  Solmsia  prismatic 
crystals  of  oxalate  of  lime,  resembling  styloids  in  form,  occur. 

As  in  the  nearly  allied  Orders  Sterculiaceae  and  Malvaceae,  some  of  the 
Tiliaceae  are  characterized  by  modiage-contenta,  which  occur  both  in  the  axis 
and  in  the  leaf.  Szyszylowicz's  researches  on  the  structure  of  the  axis  have 
shown  that  the  Tiliaceae  may  be  divided  into  two  groups  in  relation  to  their 
mucilage-contents  ;  the  first  of  these  comprises  the  genera  which  are  charac- 
terized by  the  presence  of  mucilage-cells,  or  of  lysigenous  mucilage-spaces,  both 
in  the  cortex  and  in  the  pith,  or  only  in  one  of  these  tissues ;  to  this 
group  belong  all  the  genera  included  in  the  Holopetalae  of  Bentham  and  Hooker 
(Brownlowieae,  Grewieae,  Tilieae,  and  Apeibeae)  with  the  exception  of  Mun^ 
tingia.  The  second  group  includes  the  genera  without  mucuage-contents ; 
viz.  all  the  Acropetalae  of  Bentham  and  Hooker  (Prockieae,  Sloaneae, 
Elaeocarpeae),  as  well  as  Muniingia.  The  more  detailed  statements  of  Dumont, 
as  to  the  occurrence  and  absence  of  mucilage-receptacles  in  the  genera  investi« 
gated  by  him,  coincide  with  these  results  of  Szyszylowicz. 

The  following  statements  may  be  extracted  from  Dumont's  detailed  observa- 
tions on  tins  subject.  The  Brownlowieae  investigated  contain  mucilage  in  numerous 
cells  or  cavities  ;  mudlage  is  entirely  wanting  in  only  one  species,  namely,  Pi/yraii/A# 
vtmsccsA,  Among  the  Tilieae,  Tilia  possesses  mudlaffe-cells  and  mucilage-cavities, 
neither  being  spraally  numerous ;  MunHnHa  is  characterized  by  the  absence 
of  mucilage ;  in  Lukea^  Corckorus^  MoUia^  EnieUa^  and  Sparmannia  (which,  ac- 
cording to  Bentham  and  Hooker,  likewise  belong  to  the  tribe  Tilieae,  but  are 
included  by  Dumont  in  the  Grewieae)  gr^tly  elongated  mucila^-cavities,  diffe- 
rentiated like  canals,  are  found  in  the  pith.  Among  the  Grewieae  this  type  of 
mucilage-cavity  also  occurs  in  the  genera  vasivaea  and  Erinocarpus,  while  in  Crewis^ 
DtspUuia^  TnumfeUa^  and  Duboscia^  belonging  to  the  same  tribe,  they  are  replaced 
by  mucilage-cavities,  which  are  only  slightly  elongated.  Among  the  Apeibeae, 
Aptiba  shows  the  same  features  as  Lukea^  Vasivaea,  &c.,  Le.  it  possesses  elongated 
mucilage-spaces  in  the  pith,  while  only  mucilage-cells  have  been  observed  in  Glypkaea. 

In  connexion  with  the  mucilage-receptacles  we  may  mention  Szyszy- 
lowicz's  statement  as  to  the  occurrence  of  aecretory  cella  with  yellow 
contents,  resembling  gmn-resin,  in  the  bast  of  Hasseliia  (abundant)  and 
Prockia  (scanty),  and  of  Radlkofer's  observation  regarding  the  occurrence 
of  elements  filled  with  caoutchouc  in  the  cortex  and  medullary  sheath  and  in 
the  leaf- tissue  of  the  monotjpic  ^enus  PlagiapUron.  The  latter  secretory 
organs  are  elements  resembling  laticiferous  tub^  ;  in  the  leaf  they  are  restricted 
to  the  veins,  where  they  are  found  in  abundance  below  the  bast-portion  of 
the  vascular  bundles.  Chi  breaking  the  leaf  they  become  visible  to  the  naked 
eye  as  elastic  threads. 

The  hairy  covering  consists  of  unicellular  or  uniseriate  {TriumfeUa 
piiosa)  simple  hairs,  of  stellate  and  tufted  hairs,  the  rays  of  which  are  ustially 
unicellular,  though  sometimes  uniseriate  (Grewieae),  of  peltate  hairs,  and  of 
glandular  hairs.  The  uniseriate  hairs  of  TriumfeUa  piiosa  referred  to  above 
are  embedded  in  emergences.  According  to  O.  Bachmann  the  peltate  hairs  have 
no  specially  characteristic  form  ;  their  ray-cells  are  numerous  and  have  fairly 
thick  walls,  and  each  of  them  runs  out  into  a  point.  Small  scales  of  this  kind 
are  stated  to  occur  in  species  of  Brownlowia^  Peniace^  MoUia^  and  also  in  DiplO' 
discus.  In  TriumfeUa  keUrophylla^  Lam.,  I  have  met  with  stalked  glandular 
hairs,  having  a  multicellular  head,  and  unicellular  glandular  hairs,  consisting  of 
pear-shaped  epidermal  cells.  With  these  structures  we  may  class  the  coUeters, 
which  were  found  by  Reinke  on  the  leaf- teeth  of  ArisioUlia  Macqui;  they 
occur  above  the  terminations  of  the  veins,  and  consist  of  a  nucleus  of 
elongated  parenchymatous  cells  and  of  a  palisade-like  secretory  epidermis, 
the  cells  of  which  are  elongated  at  right  angles  to  the  central  cells. 
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In  the  characteristic  region  of  the  petiole  in  most  of  the  species  investigated 
a  closed  rin^  of  wood  and  bast  is  found,  and  sometimes  internal  to  this  one  or 
more  medmlary  bundles.  In  Aristotelia  Macqui^  L'Hdrit.,  the  main  Sj^tem 
is  not  closed,  but  consists  of  three  parts,  a  large  arc-shaped  bundle  below,  and 
two  smaller  upper  strands,  which  together  form  a  circle  ;  besides  these,  there 
is  one  vascular  bundle  corresponding  to  the  angle  of  the  petiole  on  each  side 
of  the  groove. 

3.  Structure  of  the  Axis.  Regarding  the  structure  of  the  wood  the 
following  points  may  be  referred  to  in  accordance  with  my  earlier  statements  ^ 
The  breadth  of  the  medullary  rays  varies  considerably  within  the  Order ;  they 
are  often  broad,  but  sometimes  not  more  than  three  cells  in  breadth,  e.  g.  in 
Elaeocarfus  robusius^  Roxb.  Nor  do  the  arrangement  of  the  vessels  and  the  size 
of  their  lumina  (maximum  diameter  between  03  and  -12  nun.)  afford  any  fea- 
tures constant  for  the  whole  Order.  According  to  Dumont,  in  most  members 
of  the  Order  with  the  exception  of  the  genera  of  the  tribe  Tilieae,  the  vessels 
form  long  radial  rows  in  a  transverse  section  of  the  branch.  Where  the  vessel- 
walls  touch  the  medullary  rays,  we  find  either  simple  (Elaeocarpust  ShaneOy 
Echinocarpus)^  or  more  frequently  one-sided  bordered  pits,  often  with  transitions 
to  simple  pits  (e.g.  in  Pentace  and  Sparmannia).  Spiral  thickening  of  the 
vessel-wall  has  been  observed  in  Tilia  parvifolia^  Ehrh.  and  Eckinocarpus 
assamicus,  Benth.  Differences  are  also  found  m  the  Order  with  regard  to  the 
perforations  of  the  vessels.  In  the  representatives  of  the  tribes  Proddeae, 
Sloaneae,  and  Elaeocarpeae  hitherto  investigated,  a  tendency  to  the  formation 
of  scalariform  perforations  in  the  vessels  is  recognizable ;  simple,  much-elon- 
gated, elliptical  perforations  occur  in  Elaeocarpus  robusius  ;  accompanying  these 
latter  in  Prockia  and  the  Sloaneae  which  have  been  investigated  scaLuiform 
perforations  occur.  Besides  the  above-mentioned  types,  simple  perforations 
of  the  ordinary  circular  or  elliptical  form  are  found.  The  wood-parench3mia 
varies  greatly  in  abundance  ;  mBrownlowia  elata^  Roxb.  and  in  Pentace  tripiera^ 
Mast.,  it  plays  a  very  prominent  part  in  the  formation  of  the  wood.  The 
wood-prosenchyma  has  simple  pits  on  its  walls,  but  sometimes  a  more  or  less 
distinct  narrow  border  is  present ;  for  the  most  part  the  wood-prosenchyma 
has  relatively  wide  lumina,  and  only  rarely  (Pentace)  thick  walls  and  narrow 
lumina.  Thin  division-walls  have  been  observed  in  the  wood-prosenchyma  of 
Eckinocarpus  assamicusy  Benth.,  Elaeocarpus  robustus,  Roxb.,  Prockia  CruciSj 
L.,  and  Sloanea  australis^  F.  v.  Miill. 

The  following  facts  relating  to  the  structure  of  the  cortex  are  known 
from  the  investigations  of  Moller  and  Dumont.  The  cork  arises  in  the  outer- 
most cell-layer  of  the  primary  cortex.  In  Tilia  the  walls  of  the  cork-cells  are 
fairly  thin  and  the  lumina  are  strongly  compressed  in  the  radial  direction. 
According  to  Dumont,  sclerotic  cork-cells  occur  in  the  Brownlowieae,  in 
Vasivaea  sjid  A  peiba ;  cork-cells,  thickened  on  one  side  (on  the  inner  tangential 
wall)  in  Luhea  grandiflora.  Mart.,  according  to  Mdller.  In  the  Tiliaceae— with 
the  exception  of  the  Prockieae — three  zones  may  be  distinguished  in  the 
primary  cortex,  according  to  Dumont,  viz.  an  outermost  parenchymatous, 
a  middle  coUenchymatous,  and  an  inner  parenchymatous  zone.  In  a  transverse 
section  the  bast-portions  of  the  vascular  bundles  show  the  form  of  a  trapezium 
narrowed  outwards,  while  the  intervening  primary  medullary  rays  consequently 
become  broader  outwards.  The  groups  of  bast  are  bounded  towards  tht 
primary  cortex  by  bands  of  primary  bast-fibres.  An  exception  in  this  respect 
IS  formed  by  the  genera  Elaeocarpus,  Prockia,  and  HasseUiOf  in  which  the 


^  Speciet  of  the  genera  Brownhwia,  Pgntaci^  Gnwia,  C^huMa,  Sparmaimim,  TV/iM,  A/nSm, 
ProcJtia,  Slotuua,  Eckinocarpus  and  Elaeocarpus  were  iiiTestigated  by  me ;  tpecict  of  Luhm  aad 
MuHiingia  by  Moller. 
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pencycle  is  fonned  by  a  more  or  less  interrupted  sclerencbymatous  ring, 
composed  of  small  groups  of  primary  bast-fibres  and  of  stone-ceUs.  In  most 
cases  the  secondary  bast  is  stratified  owing  to  the  presence  of  bands  of  hard 
bast ;  but  sometimes  the  secondary  hard  bast  is  irregularly  arranged,  or  (e.  e. 
in  Elaeocarpus)  only  represented  by  small  strands ;  in  Prockia  and  HasseUta 
secondary  hard  bast  is  completely  absent.  Lastly,  the  hard  Ixaist-fibres  do  not 
always  have  thick  walls  and  narrow  lumina,  as  in  lUia^  but  occasionally  (e.|;.  in 
the  drewieae  and  in  certain  Tilieae)  have  thin  walls  and  relatively  wide  lumma. 

Litersture  :  Trdcol,  Mncilaget,  AdansonU,  t.  vit,  1866-7,  p.  348  et  teq.— Reinke,  Sekretiooiorg., 
Fhogibcim  Jahrb.,  Bd.i»  1876, p.  i4i.~M61ler,  Holzanat,  Denkschr.  Wiener  Akad.  1876,  pp.  79,£>, 
aad  375.— ArcsduMg,  BUd.  anat.,  Mtneiskrift,  Lund,  1878,  p.  51  et  teq.~Moller,Riodcnaiiat,  i88a, 
pp.  J45-S. — C.  de  Candolle,  Anat.  comp.  d.  fraillei,  Mem.  Soc.  phyt.  et  hist,  nat.,  t.  xxti,  a,  1879, 
pp.  441.  44a.— Solereder,  Holntr.,  1885,  pp.  86,  87.— Szytzylowicz,  Syst.  d.  T.,  Kngler,  Bot.  Jahrb., 
Bd.  Ti,  1885,  p.  4a7  et  leq.  and  Bd.  rii,  1885,  p.  133  et  leq.— Bachmann,  Schildh.,  Flora  1886,  leparmte 
<^J»  P*  54* — PUtt*  BlatUtiel,  Diss.,  Marbarg.  1886,  pp.  37,  38. — Damont,  Ann.  sc  nat,  i^r.  7, 
I.  Ti,  1887,  pp.  179  and  a35  et  leq.  and  pi.  6,  7.— Petit,  Petiole,  M^m.  Soc.  ic  phri.  et  nat  de 
Bordcmaz,  1^.  3,  t.  iti,  1887,  pp.  303-7  and  pi.  iv.  —  Schumann,  in  Natiirl.  Pflanzenfam.,  3.  Teil, 
AbL  6,  1890,  pp.  I  and  9. — T.  E.  Weiss,  Denkschr.  Kegensbnrg.  bot  Gesellsch.  1890,  separate  copy, 
p^66.-»StrBab«irger,  Ban  n.  Verr.,  1891,  pp.  319-33. — Radlkofer,  Bot  Gaxette  i8i93,  p.  199.— Van 
Ticffaem,  Ssimuia,  Ann.  sc-  nat,  s^r.  7,  t  xrii,  1893,  pp.  a6o,  a6i. — Wallicz^k,  Pringsheim  Tahrb., 

Bd.  UT,  1893,  p.  ao9  et  seq.^Wittlin,  Kalkoxalattaschen,  Bot.  Ccntralbl.  1896,  iii,  p.  67 ^Knhla, 

PkeUoderm,  BoL  Centralbl.  1897,  iii,  p.  335. — Reiche,  Chilcn.  Holzgew.,  Pringsheim  Jahrb.,  Bd.  xu, 

«»9:.  p-  «•• 
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1.  Review  of  the  Anatomical  Features.  Among  the  few  facts  known 
concerning  the  anatomy  of  this  Order  it  may  be  pointed  out  that  the  stomatal 
apparatus  belongs  to  the  Rubiaceous  type,  that  oxalate  of  lime  is  met  with 
only  in  the  form  of  ordinary  solitary  crystals,  that  the  hairy  covering  is 
constituted  by  unicellular  simple  trichomes  and  by  glandular  shaggy  hairs ; 
further,  that  the  perforations  of  the  vessels  are  mostly  simple,  being  rarelv 
accompanied  by  others  of  the  scalariform  type,  and  lastly,  that  the  wood- 
prosenchyma  usually  bears  bordered,  more  rarely  (Reinwardtia)  simple  pits. 

Special  features  to  be  mentioned  here  are  :  mucilaginous  epidermal 
cells  in  the  leaf  {Hugonia,  Linum),  peculiar  spiral  tracheides  in  the  mesophyll 
{OcJUkocosmos  Roraimae^  Benth.),  formation  of  papillae  on  the  lower  epidermis 
of  the  leaf  (Eryihroxylon  Coca,  Lam.). 

2.  Structure  of  the  Leaf.  The  following  statements  are  chiefly  based 
on  my  own  general  preliminary  investigation  of  some  few  species '.  The  leaf- 
structure  in  these  is  bifacial.  The  epidermal  cells  have  straight  to  undulated 
Utend  walls.  Mucilaginous  epidermal  cells  are  stated  by  Radlkofer  to  occur  in 
species  of  Hugonia,  where  they  cause  transparent  dots,  and  by  Wagner  in  Linum 
catharticum.  In  all  investigated  species  the  stomata  are  accompanied  by  sub- 
sidiary cells,  which  are  directed  parallel  to  the  pore.  The  stomata  occur  either 
on  both  sides  of  the  leaf  (Linum  viscosum)  or  only  on  the  lower  side  (the 
remaining  species  cited).  The  smaller  vascular  bundles  of  the  veins  are  em- 
bedded in  the  mesophyll,  and  are  either  accompanied  by  abundant  sclerenchyma, 
(e.  g.  in  Hugonia  Jenkinsii),  or  by  a  small  amount  (in  Eryihroxylon  Coca),  while 
sclerenchyma  is  wanting  in  Linum  viscosum.  The  spiral  tracheae,  which  run 
free  in  the  mesophyll  m  Ochtkocosmos  Roraimae,  and  are  similar  to  the  well- 
laiawn  spiral  cells  of  NepetUhes,  form  a  special  feature. 


•  Namely !   linum  viscMum,  1...  Hugonia  Jtnkimii,  F.  ▼.  Mull.,  Erytkroxylon  Coca,  Lam., 
Ckktk^tmmmt  Roraimmi,  Benth.,  Ixonantkes  icotandra^  Jack. 
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Oxalate  of  lime  has  hitherto  only  been  observed  in  the  form  of 
solitary  crystals.  In  Linum  ausiriacum  Zimmermann  met  with  fairiy  large 
acicular  crystalloids  in  the  nudei  of  the  epidermal  cells.  Regarding  the  hairy 
covering  it  may  be  mentioned  that  in  Linum  viscosum  long  narrow  unicellular 
trichomes  occur,  and  that  on  the  leaf-margin  of  the  same  plant  there  are 
glandular  shaggy  hairs  with  a  long  multiseriate  stalk  and  spherical  head,  the 
epidermal  cells  of  which  are  elongated  like  palisade-cells  in  the  radial  direction. 

3.  Structure  of  the  Axis.  The  structure  of  the  wood  has  been  investi- 
gated in  species  of  Reinwardtia^  Hugania,  Roucheria^  HebepeUUum,  and  Ixon- 
anthes.  The  medullary  rays  are  1-2-seriate  (Erythroxylon)  or  as  much  as  4-seriate 
(Hugonia),  The  vessels  attain  a  diameter  of  -07  nun.  In  Hu^onia  and  Rou- 
cheria  their  walls  bear  bordered  pits  where  they  are  in  contact  with  parenchyma 
of  the  medullary  rays ;  in  the  remaining  genera  the  walls  have  transitions 
from  bordered  to  large  simply  pits  at  these  places.  In  Roucheria  GriffUkiana^ 
Planch.,  delicate  spiral  thickening  of  the  pitted  vessels  has  been  observed. 
The  perforations  of  the  vessels  are  for  the  most  part  exclusivelv  simple  and 
circular  or  elliptical ;  in  IxonarUhes  icosandra  they  are  in  part  scalarifonn  with  few 
or  many  bars.  The  development  of  the  wood-parenchyma  varies.  In  Hugonia 
MystaXy  L.,  and  in  Roucheria  GriffUhiana  it  is  restricted  to  the  neighbourhood 
of  the  vessels;  in  Erythroxylon  Coca  and  Hebepetalum  laUfolium^  Benth. 
it  is  fairly  abundant,  and  in  IxonarUhes  icosandra  it  forms  tangential 
bands  in  the  xylem.  In  Hugonia^  Roucheria^  and  Ixonanihes^  the  wood- 
prosenchyma  bears  typical  bordered  pits  on  its  walls  ;  in  Erythroxylon  there  are 
small  but  for  the  most  part  distinct  bordered  pits ;  in  Reinwardtia^  where  the 
wood-prosenchyma  is  locally  provided  with  a  slight  gelatinous  layer  (*  GaUert- 
schicht ')  and  with  delicate  cross- walls,  it  bears  simple  pits. 

The  structure  of  the  cortex  has  so  far  been  very  little  investigated.  It  can 
only  be  stated  that  the  species  of  Linum  are  characterized  by  long  ^  (according  to 
Kallen,  multinucleate)  bast-fibres,  and  further,  that  the  cortical  structure  of 
Erythroxylon  Coca  is  known  from  Moller's  work.  In  this  species  the  cork 
consists  of  small  cells  with  wide  lumina^  and  arises  subepidermally.  The 
primary  bast-fibres  form  an  interrupted  ring,  which  is  often  only  uniseriate, 
and  the  interspaces  do  not  become  sclerosra.  The  secondary  bast  consists 
of  soft  bast  only. 

Litermtnre :  Moller,  Denkschr.  Wiener  Aluul.  1876,  pp.  5^  and  386.--Kallen,  Flocm  i88a,  p.  9s. 
— MoUer,  Rindeouiat,  188a,  p.  373^— Solereder,  HoUstr.,  1885,  pp.  87,  88.— Radlkofcr,  Sitx.-Ber. 
Miioch.  Akmd.  1886,  p.  304. — Tschirch,  Ang.  Pfl.-Anat.,  1889,  pp.  525  and  458. — Relcbe,  in  Natiiri. 
Pflanzen£am.y  3.  Teil,  Abt.  4,  1890,  pp.  a8,  38,  and  4a  —  Zimmennann,  PflanaenieUe,  a.  Heft, 
1 89 1,  p.  ia6.— A.  Wagner,  Sitz.-Ber.  Wiener  Akad.,  Bd.  d,  Abt.  i,  189a,  p.  515.— Herbit,  BoL 
Centralbl.  1894,  i,  p.  327. 
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This  small  Order,  which  consists  almost  solely  of  American  species,  shows 
for  the  most  part  uniform  features  as  regards  the  structure  of  the  wood  ■.  The 
medullary  ra}^  are  1-2-seriate  ;  the  vessels  (maximum  diameter-— 072  mm.) 
are  mostly  isolated.    The  perforations  of  the  vessels  are  scalariform  throogboot 


*  Length  —.a  — 1.4  mm.  according  to  Wiesncr. 

*  Solereder,  Holzftmktnr,  1885,  p.  88:  species  of  the  three  genera  FmUmmm,  /AMurait,  aad 
Sacoriottis  have  been  inTestigated ;  the  plant  named  HdUria  ^hmgifoiimy  Man.  MSS.  in  aj 
'  HoTzstruktur  *  is  only  a  form  of  H.  obovaia,  Nees  et  Mart.  (>  Vantanm  obtvaUh  Botth.).  See  alio: 
Moller,  Holzanat.y  Denkichr.  Wiener  Akademie,  1876,  pp.  83  and  370;  Hanaittck  aad  Ftiiilii, 
Humiriholz,  Zeitschr.  allg.  osterr.  Apoth..Ver.,  x886,  pp.  4o8>ll  aad  |  F%^;  Mtkkm^  IMkL 
Pfianxcnfam.,  3.  Teil,  Abt.  4,  1890,  p.  35. 
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and  have  many  bars.  The  wood-parenchyma  is  developed  in  abundance.  The 
pitting  on  the  walls  of  the  vessels,  where  they  are  in  contact  with  parenchyma  of 
the  medullary  rays,  likewise  varies ;  in  the  same  position  Humiria  and  Saoh 
glottis  have  bordered  pits,  which  are  sometimes  arranged  in  a  scalariform 
manner,  while  Vanianea  has  simple  pits  with  transitions  to  bordered  pits.  In 
all  three  genera  the  wood-prosenchyma  bears  bordered  pits. 

The  three  species  investigated  with  respect  to  their  cortical  sli  ucture 
{Vantanea  obovata^  Benth.,  Humiria  floribunda^  Mart.,  Sacoglottis  amazonica^ 
Mart.)  agree  primarily  in  the  p)ossession  of  a  composite  and  continuous  sderen- 
chymatous  rmg  in  the  pericycle.  Development  of  cork  takes  place  subepider- 
mally  in  Humiria  and  Sacoglottis.  The  cork  usuaUy  consists  of  thin-walled 
cork-cells,  somewhat  compressed  in  the  radial  directicm,  and  in  Vantanea 
obovata  it  includes  cells  which  are  strongly  thickened  on  their  inner  tangential 
walls.  In  the  species  of  Humiria  and  Sacoglottis  mentioned,  the  primary  cortex 
contains  stone-cells ;  in  the  same  species  the  secondary  bast  includes  groups  of 
secondary  bast-fibres,  between  which  the  tissue  of  the  medullary  rays  sometimes 
becomes 'sclerosed.  Oxalate  of  lime  is  excreted  in  ?hc  neighbourhood  of  the 
sclerench\-ma  in  the  form  of  ordinary  solitary  crystals,  in  Uie  soft  bast  in  the 
form  of  clustered  cr^-stals. 

There  is  nothing  p>articular  to  remark  regarding  the  structure  of  the  leaf, 
which  I  have  investigated  in  Vantanea  obovata,  Benth.,  Humiria  crassifolia. 
Mart.,  and  Sacoglottis  amazonica.  Mart.  The  leaves  are  leathery  and  bifacial 
in  structure.  In  Humiria  and  Sacoglottis  each  stoma  is  surrounded  by  several 
neighbouring  cells ;  in  Vantanea  obovata  subsidiary  cells  adjoin  the  guard- 
cells  ;  they  are  arranged  parallel  to  the  pore,  and  are  usually  divided  by 
a  wall  p>erpendicular  to  the  latter.  In  Humiria  crassifolia  clustered  crystals 
have  been  observed  in  the  mesophyll ;  in  Sacoglottis  amazonica^  solitary  cr>-stals 
which  are  not  well  differentiated. 

A  hairy  covering  is  rare  in  this  Order.  The  trichomes  in  the  floral  region 
of  Vantama  obovata  are  simple  unicellular  or  uniseriate  hairs.  Special  internal 
secretory  recepUcles.  the  occurrence  of  which  one  might  be  led  to  expect  from 
Bentham  and  Hooker's  statement  '  arbores  vel  arbusculae  balsamifluae  *  (see 
also  Flora  brasil.,  vol.  xii,  2,  pp.  453,  454).  are  wanting  in  the  Humiriaceae. 
The  elandular  dots  on  the  margm  of  the  leaf  of  Humiria^  which  are  mentioned 
by  Bentham  and  Hooker,  and  (e.g.  in  H.  fioribunda^  Mart.  var.  c  laurina^ 
I'rb.)  can  be  seen  even  by  the  naked  eye,  are  rather  large  external  glands  \ 
which  are  not  differentiated  in  the  form  of  hairs.  They  have  a  secretory 
epidermis,  which  is  differentiated  like  palisade-tissue,  and  is  seen  in  surface- 
\iew  to  consist  of  small  cells  with  thin  walls. 


MALPIGHIACEAE. 

I.  Review  of  the  Anatomical  Featvres.  This  Order  is  distinguished 
by  the  following  anatomical  characters  :  (a)  the  occurrence  of  unicellular  one- 
or  two-armed  trichomes  (Fig.  36),  which  are  replaced  by  unicellular  hairs 
of  star-like  form  (Fi^.  516,  G)  in  ThryaUis  only;  (6)  the  absence  both  of 
ordinary  glandular  hairs  and  of  internal  secretory  organs ;  (c)  the  type  of 
stoma  with  subsidiary  cells  arranged  parallel  to  the  pore ;  {d)  the  simple 
perforations  of  the  vessels ;  and  (e)  Uie  simple  pitting  of  the  wood-prosenchyma, 

la   ymUtmm,  t.g.  K.  §iwmai^  smilar  citemal  glaodi  occar  mlto  oo  the  ootcr  tide  of  the 
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which  is  sometimes  septate.  For  the  recognition  of  sterile  material  the  large 
fflands,  which  are  met  with  on  the  margin,  or  on  the  lower  side  of  the 
teaf,  or  on  the  petiole,  are  also  of  value ;  they  are  visible  even  to  the  naked 
eve»  and  have  a  complicated  structure.  Oxalate  of  lime  is  usuallv  excreted  in 
the  form  of  clustered  and  solitary  crystals,  rarely  (Peixoioa)  as  styloids. 

Special  anatomical  features  in  the  structure  of  the  leaf,  occurring  in  certain 
species  only,  are  :  the  occurrence  of  a  many-layered  epidermis,  of  mucilaginous 
epidermal  cells  and  of  fibre-like  spicular  cells  in  the  mesophyll.  Anomalous 
structure  of  the  axis  also  occurs  in  the  Order.  Interxylary  phloem  is  found 
in  the  genus  DiceUa  and  in  Stigmaphyllon  jairaphaejolium.  Stems  with  a 
furrowed  xylem-mass  (Fig.  37,  A)  occur  in  species  of  TetrapUris^  HeUropteris^ 
and  Peixoioa ;  stems  showing  the  same  character  together  with  subsequent 
cleavage  of  the  xylem  are  found  in  species  of  TdrapUris  (Fig.  37,  S),  Mas- 
cagnia^  Mexia^  and  BanisUria ;  stems  with  a  normal  outer  cambium  and  with 
secondary  cambium-formation  in  the  wood-parenchyma,  previously  increased 
bv  dilatation,  so  that  a  splitting  up  of  the  whole  mass  of  the  stem  is  brought 
about,  occur  in  Stigmaphyllon. 

2.  Structure  of  the  Leaf.  The  following  description  is  founded  entirely 
on  Niedenzu's  statements  in  his  revision  of  the  Oraer  for  the  '  Natiirliche 
Pflanzenfamilien.' 

The  leaf-tissoe  is  either  centric  or  bifacial  in  structure.  In  most  cases  the 
assimilatory  tissue  consists  of  one  layer  (in  species  of  Byrsonima  and  m  a  few 
other  cases  of  2-5  layers)  of  palisade-cells  which  are  usually  slender,  and  of 
2-12  layers  of  spongy  parenchyma,  the  lowest  layer  of  which  (more  rarely  the 
lowest  two  l^ers)  become  more  or  less  palisade-like  in  many  species  of  Hiraea, 
Tdrapteris^  Dinemagonum^  BanisUria^  Stigmaphyllon^  Byrsonima^  &c. ;  rarely 
{Stigmaphyllon  dichotomum^  Griseb.,  Byrsonima  lucida^  IK.,  J9.  coccdobaefolia^ 
H.  B.  K.,  &c.),  the  whole  of  the  mesophyll  consists  of  palisade-parenchyma ; 
in  Tricamaria  Usillo^  Hook,  et  Am.,  palisade- tissue  is  present  on  both  sides, 
spongy  parenchyma  in  the  middle.  In  Stigmaphyllon  angulosum^  Juss.,  and  in 
several  species  of  TetraptcriSf  i  or  2  layers  of  cells  with  verv  wide  lumina  and 
lying  at  the  boundary  between  palisade  and  spongy  parenchyma  are  differen- 
tiated into  a  kind  of  internal  aqueous  tissue.  'Hie  longitudinal  walls  of  the 
palisade-cells  themselves  also  frequently  become  crumpled  into  transverse 
folds  after  the  manner  of  aqueous  tissue.  The  cells  of  the  upper  epidermis 
possess  small  lumina  in  speaes  of  Hiraea  and  in  a  few  species  of  Tdrapieris^ 
these  being  almost  the  only  cases  ;  in  Banisteria  Clausseniana^  Juss.,  Burdachia 
prismatocarpa^  Mart.,  Byrsonima  ferruginea^  H.  B.  K.,  B.  crassifolia^  H.  B.  K., 
&c.,  they  have  narrow  lumina,  but  at  the  same  time  are  as  long  as,  or  even 
longer,  than  the  palisade-cells.  In  most  cases  they  are  fairly  large,  sometimes 
of  unusual  size  ;  thus  in  Camarea  afflnis^  St.  Hil.,  C.  hirsuta^  St.  Hil.,  Gaudi- 
chaudia  albida^  Cham,  et  Schlecht.,  this  single  layer  exceeds  the  whole  assimila- 
tory system  in  thickness,  the  latter,  it  is  true,  being  only  3-4  layers  thick  ;  in 
Camarea  affinis  the  same  holds  good  for  the  lower  epidermis,  which  elsewhere 
exhibits  large  cells  in  a  few  species  only.  In  most  cases  the  lumina  of  the 
epidermal  cells  are  of  equal  sire ;  but  in  Malpighia,  Sphedamnocarpus^  Rys- 
sopteris  and  other  genera,  extraordinarily  large  cells  are  found  scattered 
among  very  much  smaller  elements;  in  BanisUria  parvificra^  Juss.,  and 
Pterandra  pyroidea^  Juss.,  these  local  water-reservoirs  lie  along  the  track  of  the 
veins  in  the  upper  and  lower  epidermis.  The  lower  epidermis  always,  the 
upper  epidermis  for  the  most  part,  consists  of  one  layer;  in  Hiraea  lemifolia^ 
Juss.,  it  b  locally  two  layers  thick,  owing  to  which — as  in  the  case  of  epidermal 
cells  with  alternately  large  and  small  lumina — a  dovetailing  of  epidermis  and 
palisade-tissue  is  produced ;  in  Teirapteris  GuiUeminiana^  Juss.,  ftc,  the 
upper  epidermis  becomes  locally  two-layered  by  division  ;  in  BanisUna  Mer- 
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liiiiaiM,  Juas.9  and  Blepharandra  kypoUuca^  Griseb.,  it  is  two-layered  through- 
out, in  Tetrapteris  rotundifolia^  Juss.,  two-  or  three-layered.  Gdatinization  of 
the  epidermis  is  described  by  Radlkofer  in  Triaspis  squarrosa^  Radlk.  In 
Heieropteris  oUaefolia^  Griseb.,  StigmaphylUm  Sagraeanum^  Juss.,  S.  Lalan- 
dianum^  Juss.,  Burdachia  prismaiocarpa^  Mart.,  &c.,  the  epidermis  on  the  lower 
side  of  the  1^  b  papillose.  Stomata  are  almost  always  restricted  to  the 
lower  side;  in  TriaAis  squarrosa  and  T.hypericoides  stomata  are  found  on  both 
sides  of  the  leaf.  The  stomata  have  two  subsidiary  cells  parallel  to  the  pore  ; 
the  pair  of  guard-cells  is  usually  narrow  and  elongated-elliptical  in  surface- view; 
in  several  species  of  Heieropteris  the  pair  is  very  small,  circular,  and  deeply 
sunk  ;  in  Byrsonima  on  the  contrary  it  is  very  large,  circular,  and  provided 
with  well-developed  concentric  ridges.  The  vascular  bundles  of  the  v^s  very 
frequently  consist  almost  entirely  of  conducting  elements.  In  most  species  of 
Banisieria^  and  specially  of  Heieropteris^  harof  bast  and  libriform  are  abun- 
dantly developed,  although  scarcely  thick-walled.  In  Teirapteris  fimbripeiala^ 
Juss.,  StigmaphyUon  Sa^aeanum^  Juss.,  and  5.  Lalandianum,  Juss.,  the  vascular 
bundles  of  the  veins  give  off  sclerenchyma-fibres  towards  the  epidermis  on 
both  sides.  In  Heteropteris  especially  a  bundle  consisting  solely  or  almost 
solely  of  stereom  runs  along  the  leaf-margin  near  to  or  immediately  below  the 
epidermis,  and  consequently  forms  a  kind  of  marginal  bast. 

Oxalate  of  lime  is  contained  in  the  interior  of  the  leaf  and  axis  in  the  form 
of  clustered  or  ordinary  solitary  crystals,  which  are  unusually  large  in  Hiraea 
and  in  certain  species  'of  Banisteria,  &c. ;  all  the  species  of  Peixotoa  are 
characterized  by  the  fact  that  their  assimilatory  tissue,  and  especially  the 
palisade- tissue,  contains  crystals  resembling  styloids,  some  of  which  are 
bent. 

The  hairy  covering  (Fig.  36)  is  formed  of  unicellular,  two-armed ',  or 
star-shaped  hairs.  Niedenzu  makes  the  following  statements  as  to  the  de- 
tailed structure  of  these  hairs.  The  two-armed  hairs  exhibit  segmentation 
into  a  stalk  (which  may  be  short  or  very  long,  and  stands  up  perpendicularly 
to  the  epidermis)  and  an  upper  portion  ;  the  latter  is  sometimes  verrucose  on 
the  outer  side,  and  may  either  be  straight  and  boat-shaped,  inserted  at  its  centre 
at  ri^ht  angles  to  the  stalk,  and  plac^  parallel  to  the  epidermis,  or  mav  consist 
of  two  obliquely  divergent  branches,  which  are  of  equal  or  unequal  length, 
and  are  straight  or  twisted  in  a  serpentine  manner.  In  the  first  case,  the 
boat-like  parts  overlap  one  another  like  the  tiles  of  a  roof,  and,  when  densely 
packed,  give  a  golden  or  silvery  metalUc  or  silky  sheen  to  the  leaf-surface  ;  in 
the  latter  case,  the  organ  appears  coated  with  a  felt  of  varying  compactness. 
Tlie  stinging  hairs  of  the  species  of  Xfalpighia  and  the  bristle-hairs  of  the 
species  of  Camarea  are  similar  unicellular  two-armed  hairs  ;  but  in  the  hairs  of 
tne  genus  Camarea  (Fig.  36,  E)  one  of  the  arms  is  reduced  to  a  minimum.  All 
the  species  of  TkryaUis  are  distinguished  from  the  remaining  members  of  the 
Order  by  the  {x>ssession  of  star-sha{)ed  hairs  (Fig.  36,  (7),  i.e.  trichomes,  with 
a  base  of  ob-conical  form,  from  which  several  (as  many  as  eight)  arms  radiate 
as  in  a  star  or  sea-anemone.  The  stalks  of  the  hairs  are  either  sunk  more  or 
less  deeply  in  the  epidermis  or  they  rest  on  short,  few-celled  pedestals.  The 
walls  of^  the  hairs  arc  either  thin  (e.g.  in  the  malpighian  hairs  on  the  lower 
side  of  the  leaf  in  Peixotoa  cordistipula,  Juss.)  or  thick  and  sclerotic  (e.g.  in 
the  forked  hairs  of  the  upper  side  of  the  leaf  in  the  same  species). 

A  further  characteristic  of  the  Order  is  afforded  by  the  well  known  large 
glands,  which  are  not  uncommonly  met  with  on  the  petiole,  on  the  lower  side 
or  on  the  margin  of  the  leaf,  and  are  also  found  on  the  calyx.    According  to 


>  Two-armed  hain  have  long  been  known  in  this  Order  and  aro  familiar  onder  the  name  of 
Malpifhian  hain. 
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Martinet  and  Niedenzu  they  consist  of  a  stratum  of  cells,  frequently  many- 
layered  in  the  middle,  the  cells  being  more  or  less  elongated  at  right  angles 
to  the  surface  of  the  c^land ;  the  outermost,  secretory  layer  especially  is 
differentiated  like  palisade-tissue  (cf.  Fig.  36,  H). 

3.  Structure  of  the  Axis.  Regarding  the  structure  of  the  wood,  the 
following  statements  may  be  made  in  accordance  with  my  general  preliminary 
investigations,  which  extended  to  the  genera  Malpiekia^  Durdachia^  Banisteria^ 
Peixotoa^  Tetrapteris^  HiraeOy  Gaudichaudia^  and  S^wannia,  The  diameter  of 
the  vessels  is  sometimes  small  (maximum*- -036  mm.  in  Afaipigkia  coccigera^ 
L.),  in  the  twining  species  very  large  (maximum,  e.  g.  *-  -ii  mm.  in  Schwannia 


Pig.  36.  Hairy  coreriitf  of  the  llalpifliiMeM.  A,  MmlMwkim  urmt,  L.  •-€,  JHmtim  mmtvpkjMa, 
Grbcb.  D,  Mmnmgni*  egrH^U,  Grtecb.  V  Cmmmrm  kirmim,  8c  HO.  p.  Hirmm  ckrympkjU^  \£m,  O. 
ThrymUU  bradkyAckyiy  LiodL  H,  A  piece  of  the  marfia  of  a  calys-glaad  of  L^pkopitryt  §^tmdami,  jaat.— 
After  Ntedmra. 

eUgans^  Tuss.).  The  arrangement  of  the  vessels  varies.  The  medullary  rays 
are  usually  only  1-3  rows  of  cells  in  breadth.  The  perforations  of  the  vessds 
are  simple  and  circular,  or  elliptical.  On  the  portions  of  the  vessel-wall  in 
contact  with  the  medulkry  rays  bordered  pits  are  usually  found,  in  Burdackia 
frisnuUocarpa^  simple  pits  as  well.  Spiral  thickening  of  the  waUs  of  the  vessels 
has  been  observed  m  Peixotoa  kispidula^  Juss.  Wood-parenchyma  is  developed 
in  varied  abundance.  It  is  usually  restricted  to  the  neighbourhood  of  the 
vessels  but  is  more  strongly  developed  in  Maipighia  cocctgera^  L.,  and  in  {[r^t 
abundance  in  Burdackia  prismalocarpa  ;  it  contains  solitary  crystals  in  Bani- 
steria  graia,  Griseb.  and  Hiraea  ckrysopkylta^  Juss.  The  wood-prosenchyma 
bears  simple  pits ;  septation  of  the  dements  occurs  in  THrapUm  inaequatis^ 
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Cav.  and  in  Hiraea  ckrysa^kylla  and,  according  to  Hdller,  in  an  undetermined 
species  of  Maipigkia.  Unlignified  parenchyma  sometimes  also  takes  part 
in  the  formation  of  the  xvlem-mass,  e.  g.  according  to  Plitt,  in  Heteropteris 
parvifolia^  DC.  (erroneously  described  by  him  as  *  parviftora ')  and  in  the 
genus  SHgmaphyllan,  which  is  characterized  by  an  anomalous  xylem-mass 
(see  below). 

The  structure  of  the  cortex  in  this  Order  has  been  insufficiently  investi- 
gated. MdUer's  statements  are  merely  based  on  an  examination  of  Maipigkia 
punicifoliOy  L.  and  Byrsonima  spicata^  DC.  In  these  species  the  periderm  arises 
early  and  superficially  and  consists  of  cubical  (Maipigkia)  or  flat  (Byrsonima) 
cells,  certain  layers  being  sclerosed  on  their  inner  tangential  walls.  The 
primary  cortex  contains  groups  of  stone-cells  and  solitary  crystals,  in  Maipigkia 
punicifolia  clustered  crystals  as  well.  A  closed  sclerench3ana-ring  is  not  present 
on  the  outer  side  of  the  bast.  The  hard  bast  consists  of  unusually  thick,  deli- 
cately stratified  and  abundantly  pitted  bast-fibres,  which  are  disposed  in  layers 
in  the  secondary  cortex.  The  sieve-plates  are  simple  and  horizontal.  The 
medullary  rays  of  the  bast  have  cells  with  wide  lumina,  sometimes  in  five  series 
and  in  places  are  irregularly  broadened.  According  to  Vesque,  in  some  cases 
e.  e.  in  Hiraea  HaulUtiana^  double-chambered  crystal-fibres  with  clustered 
cr\*stals  occur  in  the  bast.  These  arise  by  the  fibrous  cells  first  becoming  septate 
by  means  of  cross-walls,  and  by  each  of  the  chambers  thus  produced  dividing 
by  means  of  a  longitudinal  wall  into  two  cells. 

A  number  of  species  are  characterized  by  anomalous  stem-stmctore. 
Interxylary  phloem  is  present  in  all  the  species  of  the  genus  Dicella  (Fritz  Miiller, 
Solereder,  Niedenzu,  Chodat)  and  in  StigmapkyUon  jairopkaefolium  (Chodat). 
According  to  Chodat,  it  is  given  off  internally  by  the  cambium  in  both 
genera. 

A  series  of  Malpighiaceous  lianes  possess  stems  with  a  lobed  or  grooved 
xylem-mass  (Fig.  37,  A).  In  these  plants  bast-tissue  fills  the  grooves  of 
the  xylem,  which  are  lined  by  the  cambium  ;  sometimes  (Heteropteris)  there 
are  superficial  grooves  on  the  stem  corresponding  to  the  largest  grooves  of 
the  xvlem.  Stems  of  this  kind  are  found  in  the  genera  Tetrapteris^  Heteropteris^ 
and  Peixotoa. 

The  anomaly  in  question  was  figured  by  Jussieu  in  the  first  two  of  these 
genera  (PI.  Ill,  Fig.  4  and  Fig.  7,  8).  The  piece  of  stem  of  Heteropteris}^ntermedia^ 
Gnseb.,  collected  by  Schenck,  which  is  4  cm.  in  thickness  and  is  represented  in  his 
Fig.  t^,  Taf.  VI,  only  shows  indications  of  the  anomaly.  It  appears  more  distinctly 
in  a  piece  of  stem  tielonging  to  Heteropteris  megaptera,  Juss.,  which  is  9  cm.  thick, 
and  IS  figured  by  Schenck  in  Fig.  $9*  Taf.  VI.  H.  Schenck  also  refers  a  piece  of 
stem  (No.  482  of  his  collection),  which  shows  the  same  anomaly,  and  which  he  has 
represented  in  Fig.  60,  Taf.  VI,  to  HeUrapteris  and  probably  also  the  liane  mentioned 
h\'  Wigand  (Flora,  1856,  Taf.  VII  and  p.  675).  Probably  most  of  the  species  of 
Tetrapteris  from  a  certain  age  onwards  possess  a  groovea  xylem-mass.  In  older 
stages  of  the  stem  of  Tetrapteris  we  find  associate  with  the  grooving  a  second 
anomaly,  the  subsequent  spUtting  of  the  xylem-mass,  which  will  be  discussed  below. 
H.  Schenck  described  grooving  alone  in  a  stem  of  Tetrapteris  lucida,  Juss.,  2^  cm. 
in  thickness  and  a  stem  of  T,  glabra^  Ghscb.,  2  cm.  m  thickness.  Grooving  is 
mentioned  as  occurring  in  Peixotoa  by  Fritz  MuUer*  (Bot.  Zeitung,  1866,  p.  58,  Taf. 
VII,  Fig.  2). 

*  The  deeply-grooved  ftem  of  a  liane  figored  by  Niedenzu  in  the  Natiirl.  Pflanxenfam.,  loc  cit., 
in  Fig.  37,  A-B  oa  p.  44  and  described  as  fianisttria  sp.,  does  not  belong  to  the  Nfalpi|;hiaceae, 
as  H.  Schenck  hat  almdy  mentioned,  and  as  may  be  refieated  here  in  consideration  of  the  wide 
cifcnUuioo  of  Eagler  and  Prantl's  work,  bat  possibly  to  the  Apocynaceae  or  Hippocrateaccae. 
It  It  trvc  that  intrazylanr  phloem,  which  occnib  in  the  Apocynaceae.  could  not  be  demonstrated  in 
thu  pfieoe  of  stem,  at  the  pith  and  the  innermost  parts  of  the  wood  had  perished,  bat  elements 
icscmbliac  Uticilefoiis  tabes  are  present,  and  give  rise  to  a  web  (<  Spinnen ')  on  breaking  the 
\  oecnr  in  both  the  Orders  last  named. 
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Stems  with  lobed  or  s^rooved  xylem-mass  and  with  subsequent  fission  of 
the  xylem  are  stated  by  H.  Schenck  to  occur  in  the  genera  Tetrapieris  (pro  parte), 
Mascagnia,  Mexia  and  Banisteria.  This  fission  of  the  xylem  is  imtiated  by 
the  formation  of  the  grooves,  and  takes  place  chiefly  in  the  radial  direction,  but 
may  at  the  same  time  occur  in  a  tangential  direction. 

The  species  concerned  are  :  TetrapUfis  GuilUminiana,  Juss.  (loc  dt,  Taf.  VI, 
Fig.  62,  o-c),  T.  inaequalis,  Cav.  (loc.  cit..  Tat  VI,  Rjf.  65),  Tetrapteris  sp.  (loc.  cit*, 
Taf.  VI,  Fig.  66,  a,  6,  reproduced  in  our  Fig.  37,  B),  T.  muitiflara,  Joat. ;  Mascagnia 
sp.  (loc  dt,  TaL  VI,  Fig.  67^  a) ;  Metia  Araujei,  Schwacke  (loc  dt.,  TaL  VI,  Fig.  68 ) ; 
Banisteria  (?)  macropkyUa,  Juas,  (loc.  dt,  TaL  VII,  Fig.  69),  B.  a^tenUa^  Sprcng., 
B.  Rieddiana,  Kegel,  B.  nigrsscens,  Juss.  (according  to  Jussaeu,  Taf.  Ill,  Fig.  6,  AJ. 

The  genus  SiigmaphylUm  shows  the  last  and  at  the  same  time  most  highly 
differentiated  type  of  anomaly.  Here  the  wood  at  first  grows  in  thickness  by 
a  normal  cambmm,  which  is  not  undulated,  and  is  enclosed  in  a  normal 
manner  by  a  broad  zone  of  phloem.    The  wood  contains  abundant  wood- 


P10.37.  A,  Grooved  stem  or/rtfJ^r«^^tor^i|i(SclwMk,Holn.  00. 4S7.  Rio).    ■,  Stem  witlitpfitsyleflB  of  TWfnt 
PitriM^  ip.  (Scheock,  Hola.  aa  500^  RioX   Both  tnuwrene  MctioM  •ppmiiBately  muvaI  abe.— After  H.  Sckeock. 


parenchyma  and  broad  medullary  rays,  both  having  thin  walls ;  owing  to  this 
the  hard  elements  of  the  wood  appear  broken  up  into  strands.  Sooner  or  later, 
in  consequence  of  cell-division  m  the  parenchymatous  tissue,  new  cambial 
layers  are  formed  in  connexion  with  these  strands,  and  produce  new  bundles 
of  wood  and  bast. 

Jussieu  first  observed  this  anomalous  structure  in  Stigmapkyllan  acuminatum 
(loc  cit.,  p.  113,  Plate  III,  Fig.  2) ;  according  to  Jusdeo  the  same  anomaly  also 
occurs  in  S,  Fituayanum,  5.  affine,  5.  cilialum  (in  the  latter  according  to  De  Bary  also, 
but  the  correctness  of  his  determination  is  doubtful  according  to  H.  Schenck) 
and  in  5.  Gayanum.  H.  Schenck  has  fully  discussed  the  anou^y  in  question  in 
5.  acuminatum,  Juss.  (see  also  his  Figs.  70,  71  on  Plate  VII),  and  has  observed  it 
in  stems  of  5.  puberuJum^  Ghseb.,  and  5.  tomentosum,  Juss.  3-3*5  cm.  in  thickness. 

It  may  be  added  that  the  anomalies  last  described  only  appear  in  rather  thick 
axes,  and  are  therefore  not  present  in  herbarium-material,  while  the  islands  of  soft 
bast  in  DiceUa  are  to  be  met  with  in  the  branches  found  in  herbaria. 

It  may  also  be  mentioned  that  some  of  the  Malpighiaceous  Uanes,  e.g.  species 
of  Hiptag$^  Schwannia^  ThryaiJis,  Tetrapteris  pro  paite,  and  Heteropieris  pro  parte, 
have  been  proved  to  have  normal  structure  (Hi  Scoeock). 
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Litenusre:  GaadidMad,  in  Gnfllem.  Arch.  boC,  t.  ii,  1833,  p.  50a,  t.  119.— JnsueUy  CompU 
rend.,  t  zii,  p.  541,  m  Ann.  sc  nat.,  ser.  a,  L  zr,  1841,  p.  334  tnd  Arch.  Mot.  dliist.  nat»  t.  lii, 
1843,  p.  100  etjKq.^Chiger,  BoL  ZdL,  1850,  p.  97  et  leq.— Wigand,  Flon,  1856,  p.  673,  Fig.  7.— 
Fritt  Mailer,  BoC.  Zeit.,  \H6,  p  59.— Martinet,  €>rg.  de  secret.,  Ann.  tc.  nat.,  ter.  5,  t.  xiv,  187a, 
pp.  i83-$jind  pi.  18.— Moller,  Denkschr.  Wiener  Akad.,  1876,  pp.  88  and  384.— Vetqoe.  Anat.  de 
ricoree,  TheM,  Paris,  1876,  pp.  90,  91.— Moller,  KindcnanaL,  I58a,  pp.  a7i-3.— Radlkofer,  Abh. 
natnrw.  Ver.  Bremen,  Bd.  viii,  1883,  p.  378.— Sokreder,  Holtstr.,  1885,  pp.  88>90-~^^'itte,  Uanen, 
Dim.,  Freihoorg  i.  Br.  a.  Kiel,  1886,  pp.  4-ia^Niedenxn,  Ber.  dentach.  hot.  Geselbch.,  1890, 
pp.  190-4  and  in  NatOrL  Pflanzenfam.,  3.  Teil,  Abt.  4,  1890,  pp.  43-44. — Chodat,  Arch,  sc  pbyt.  et 
nat..  s^r.  3,  t.  uvii,  Gen^Yc,  1(^93.  p.  aa9  et  seq.  and  Atti  del  Congresso  hot.  intemaz.,  189a, 
p.  144  et  seq.— H.  Scfaenck,  Anat.  d.  Lianen,  1893,  pp.  110-35,  Taf.  vi,  vii. — H.  Schenck,  Zer- 
UuftnngfTorg.,  Pringiheim  Jahrb.,  Bd.  asrii,  1895,  p.  907  et  seq. 
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According  to  the  general  preliminary  investigations  hitherto  made,  the 
simple  perforations  of  the  vessels,  the  wood-prosench3ana  provided  with  bor- 
dered pits,  and  the  absence  of  special  subsidiary  cells  accompanying  the  stomata 
are  characteristic  of  this  Order.  In  the  branch  the  boundary  between  bast 
and  primary  cortex  is  formed  by  isolated  groups  of  primary  bast-fibres, 
between  which,  according  to  Engler,  groups  of  stone-cells  are  sometimes  inter- 
calated ;  the  latter  occasionally  also  appear  in  the  primary  cortex.  In  the 
secondary  bast,  fibres  are  completely  wanting. 

The  hairy  covering  consists  of  ordinary  simple  unicellular  hairs,  more 
rarely  of  unicellular  two-armed  hairs;  Engler  states  that  the  latter  occur  in 
the  section  AgrophyUum  of  the  genus  ZygophyUum  (formerly  an  independent 
genus).  The  two  forms  of  hair  are  connected  by  the  one-armed  unicellular 
hairs,  which  have  been  obser\'ed  by  Volkens  in  Niiraria  retusay  Aschers.  The 
ordinary  unicellular  hairs  either  have  thick  walls  and  narrow  lumina,  e.g.  in 
Poriieria  hygrometra,  Ruiz,  et  Pav.,  or  thin  walls  and  relatively  wide  lumina, 
e.g.  in  Larrea  divaricata,  Cav.  (Fi§.  38,  ^4);  in  this  latter  species  they  arc 
attenuated  and  pointed  both  towards  the  tip  and  towards  the  base.  A  special 
modification  of  the  ordinary  simple  unicellular  type  is  found  in  those  hairs 
which,  according  to  Volkens,  give  the  leaves  of  the  species  of  Fagonia  a  glan- 
dular and  sticky  appearance.  They  can  be  divided  into  two  groups — those  in 
which  the  secretion  exudes  from  the  cavity  of  a  thin-walled  hair-cell  {Fagonia 
iatifolidy  Del.,  F.  kahirina,  Boiss.,  F,  Bruguieriy  DC.,  F.  mollis,  Del.),  and  those 
in  which  the  secretion  is  apparently  produced  by  the  metamorphosis  of  the 
thickened  wall  of  the  hair  (r.  arabica,  L.,  Fig.  38,  B;  F.glutinosa,  Del.).  The 
secreting  cells  are  in  all  cases  found  on  the  apices  of  small  elevations  of  the 
leaf-surface.  Glandular  hairs,  other  than  those  just  described,  do  not  occur 
in  the  Order.  The  resincms  excretions,  which  cover  the  branches  and  leaves 
of  Larrea  mexicana,  Moric,  the  well  known  desert-shrub,  are  not  the  product 
of  external  glands,  hut,  according  to  Volkens,  of  the  inner  (i.e.  upper)  epi- 
dcnnis  of  the  stipules,  which  is  differentiated  like  a  tesselated  epithehum. 

Oxalate  of  lime  is,  for  the  most  part,  present  in  the  leaves  in  the  form 
of  clustered  cr>*stals,  in  the  axis  in  the  form  of  ordinary  solitary,  or  clustert*d 
crystals.  But  Upsides  these,  two  other  forms  of  dejX)sition  have  Uvn  ob- 
s<TVfi!,  namely,  styloids  of  more  or  less  typical  shaiw  (m  the  bast  of  Guaiacum 
otfictnaU,  L.,  Fig.  38,  C ;  Porlirria  hygrometra,  Kuiz.  et  Pav.,  and  Larrea 
mexicana.  Moric. ;  see  Holzner,  Moller,  Solereder,  and  Radlkofer)  and  small 
acicular  crj'Stals  (according  to  my  own  obser\'ations  in  the  bast  and  leaf-tissue 
of  Stiraria  Schoberi^  L.,  and  in  the  bast  and  primary  cortex  of  Tribttlus 
UrrcsiriSy  L.). 
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To  the  preceding  description  of  the  specially  important  anatomical  features 
I  may  add  the  following  detailed  statements  regardmg  the  structure  of  the  leaf 
and  branch. 

The  leaf-structure  is  centric  in  Guaiacum  officinale^  Larrea  divaricata^  and 
Poflieria  hygrometra^  and  likewise  in  Tribulus  aiattis,  Del.,  species  of  Fa^onia^ 
and  Zygopkyllum^  and  Nitraria  retusa^  Aschers.,  according  to  Volkens.  In  the 
acicular  leaves  of  Zygophyllum  alburn^  L.  and  other  speaes,  the  middle  of  the 
leaf,  according  to  the  same  author,  is  occupied  by  a  central  thin-walled  aqueous 
tissue,  which  surrounds  the  vascular  bundle.  The  large  colourless  water-odls, 
which,  according  to  Volkens,  are  found  in  Niiraria  retusa  scattered  in  the 
mesophyll  (consisting  only  of  palisade-tissue)  are,  as  my  own  investigation 
prov^  mucilage-ceUs  with  their  membranes  mucilaginous  on  all  sides  and 


rin  iR.    A.  Hair  of  Larrm  dhmricmU,  Car.    B.  GlaadaUr  hair  of  /*VMMte  mrmM'm,  L.    C,  Cryttal-ccSi 
fiwn  \\w  Uat  14  (;mmSm€mm  ^amslt,  L.    D,  Traasrene  aectkn  of  die  leaf  dlTrikmi  ""  '         -  - 


»  aa«l  l>  adrr  Volkma ;  C  after  llftUer. 
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clrnrly  stratified.  In  Tribulus  alalus,  the  lowermost  cell-layer  of  the  mesophyll 
ct>nHi!it!i  of  colourless  cells  with  incurved  outlines.  In  Guaiacum  officinale^ 
t.^rffa  JixHtricaia^  Porlieria  hygrometra,  and  Zygophyllum  simplex  the  epidennal 
iTiN  luive  a  ix)lygonal  outline  in  surf  ace- view.  The  stoma  ta  in  these  four 
ii|HHMr!i  urt^  present  on  both  sides  of  the  leaf.  Niiraria  reiusa  is  characterized 
l>y  i\  abating  of  wax  on  the  surface  of  the  leaf.  In  Guaiacum  officinale  every 
itII  of  the  epidermis  on  both  sides  of  the  leaf  contains  a  small  doubly 
iTtiiU  tiiVK  ^*r>*stal.  The  leaves  of  Pinloa  chilensis  bear  black  dots  on  the  lower 
!(i(le,  «u  nMxliivg  to  Encler.  Each  of  these  small  black  spots  consists  of  a  few 
UiK^*  ttnn  walleii  i>*HO>nng  under  the  epidermis,  and  of  a  few  smaller  cdls  which 
Ih'Ioi^  to  the  e|M\)ermis  itmf  and  have  brownish  contents.  In  this  coonexion 
wr  nuy  mentiivt  Engler*9  obsaratioD,  that  in  the  cdls  {FofOfma)  or  in  the 
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intercellular  spaces  (NUraria^  Zygophyllum  camutum)  of  several  members  of 
the  Order  inhabiting  saline  soil,  radially  crystalline  masses  of  variable  size 
and  consisting  of  some  salt  are  met  with ;  these  bodies  dissolve  in  hydrochloric, 
acetic,  and  nitric  adds.  In  Tribulus  alaius  the  vasctilar  bundles  of  the  veins 
up  to  their  last  ramifications  are  enveloped  in  characteristic  sheaths  of  pitted 
celb  with  wide  lumina  and  fairly  thick  walls  (Fig.  38,  D). 

The  petiole  has  only  been  investigated  in  Tribulus  ierrestris^  Guaiacum 
officinaU^  and  G,  arboreum^  by  Petit.  In  Tribulus  five  isolated  vascular  bundles 
are  found  in  the  initial,  and  the  same  number  in  the  characteristic  ;  but  these 
are  not  the  same  bundles,  for  splitting  and  fusion  of  the  originsd  five  take 
place  in  their  course  through  the  petiole.  In  the  characteristic  region  of  the 
species  of  Guaiacum  named  a  ring  of  wood  and  bast  occurs,  and  alx)ve  it  one 
vascular  bundle  on  each  side. 

As  regards  the  structure  of  the  cortex,  the  cork  arises  in  the  epidermis  in 
Guaiacum  officinale^  according  to  Moller,  subepidermally  in  Porlieria  nygromeira, 
according  to  Douliot.  In  BtUnesia  Retamo  the  pith  contains  stone-cells  (Engler). 
The  wood,  which  has  been  investigated  in  species  of  Guaiacum^  Larrea  and  Por^ 
heria^  possesses  narrow  1-2-seriate  medullary  rays.  Tier-like  structure  of  the 
medullary  rays  is  described  by  Hohnel  in  the  wood  of  the  stem  in  Guaiacum 
officinale  and  Porlieria  hygrometra.  The  vessels  bear  small  bordered  pits  on 
those  walls  which  adjoin  medullary  rays.  In  Zygophyllum  arboreum  carbonate 
of  lime  has  been  observed  in  the  vessels  of  the  heart-wood  (Molisch).  The 
wood-parenchyma  is  developed  in  varying  abundance  (cf.  Moller's  statements 
regaroing  Guaiacum),  In  Larrea  divaricaia  and  Porlieria  hygrometra  starch- 
containing  fibrous  cells  are  present  in  abundance  in  the  wood. 

Lastly,  it  remains  to  mention  that  special  secretory  receptacles  are 
wanting  in  this  Order  ;  i.  e.  apart  from  the  mucilage-cells  described  above  and 
the  enlarged  cells  with  brown,  tanniniferous  contents,  which  are  sometimes  met 
with  in  the  leaf- tissue,  e.g.  in  Nitraria  reiusa.  The  resin  to  which  the  pharmaceu- 
tical use  of  Gi4aiacttm-wood  is  due,  fills  the  vessels  of  the  heart- wood. 

Litnutore:  Holxner,  KrytUlle,  Flora,  i864,iepantc  copy,  p.  lo. — Moller,  HolianaL.  Denkichr. 
Wiccer  Akad.,  1876,  pp.  101, 103,  ami  397 .—Molisch,  Kohlens.  Kalk,  Sitz.-Hcr.  Wiener  Akad.,  H<1. 
lixuT.  Abe.  I,  1881,  p.  7  et  lea. — Moller,  Kindenanat.,  1882,  pp.  33a,  333.— Hohnel,  Stockwerkart. 
WhzV.,  Sitc-Ber.  Wiener  Akad.,  Ikl.  Ixxxviii,  Abt.  i,  1884,  p.  40. — Volkent,  Jahrb.  lierliner  Gart., 
'*"*4.  r-  3^- — Soleredcr,  lloUstr.,  1885,  pp.  90,  91. — Volkens,  Aef;ypt.-arab.  W.,  1887,  pp.  11 1-4 
and  Taf.  lii.vii.  xi,  and  xv. — Douliot,  Ann.  ic.  nat.,  s^r.  7,  t.  x,  18K9,  p.  347. — Petit,  Petiole,  Act. 
Soc.  Ljsn.  de  liordeaox,  t  43,  1889,  {m.  36,  37  and  pi.  i.— Plngler,  in  Natiirl.  Pflanzenfam..  3.  Teil. 
A.*jC  4.  1H90,  p.  75.— kadlkofer,  Sitz.-Ber.  Miincb.  Akad.,  1S90.  pp.  114,  115.— Volkeni,  Pfl.  niit 
lack  R]..  Her.  dentKh.  bot.  Gesellsch.,  1890,  pp.  136-8.— Warming,  Halufvt  Stod.,  K.  Dantke  Vid. 
Selik.  Skr..  1897.  p.  313. — ^Sec  also  the  description  of  Guaiacum  wood  and  cortex  in  the  pharmaco- 
gsofltK  works,  e.g.  Fliickiger,  Ph.,  Aufl.  ii,  1883,  p.  449  et  seq.,  icc^. 


GERANIACEAE. 

I.  Review  of  the  Anatomical  Features.  The  Geraniaceae  have  no 
special  typ)e  of  stomatal  apparatus.  The  hairy  covering  consists  of  simple 
unicellular  or  uniseriate  hairs,  of  bladder-hairs,  and  of  glandular  hairs  with 
a  uniseriate  stalk  and  unicellular  head  (Fig.  39,  B).  Oxalate  of  lime  occurs  in 
the  form  of  ordinary  solitary  crystals,  clustered  crystals,  and  raphides  (the 
raphides  in  Impaiiens  only).  Internal  secretory  organs  are  represented  by 
schizogenous  secretory  cavities  (in  certain  species  of  Oxalis)  and  also  by  cells 
containing  a  secretion  (branched  tannin-sacs  in  the  spongy  parench3ana  of 
Impaiiens  SuUani^  long  tubular  tannin-sacs  in  the  epidermis  on  the  lower  side 
of  the  leaf  in  Limnanihes  Douglasii,  R.  Br.,  secretory  cells  in  the  leaf-tissue  of 
Tropaeolmm  peniaphyttum^  Lam.,  and  myrosin-cells  in  Limnanihes  and  Tro- 
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paeolum).  The  perforations  of  the  vessels  are  simple ;  the  wood-prosench)rma« 
which  is  sometimes  septate,  generally  bears  simple  pits.  The  boundary  of 
primary  cortex  and  bast  is  either  formed  by  a  composite  and  continuous  ring 
of  sclerenchyma,  or  by  a  ring  of  bast-fibres,  or  by  isolated  groups  of  bast-fibres. 
The  cork  arises  (in  Monsonia)  in  the  outermost  cell-layer  of  the  primary  cortex. 

The  following  are  specisdly  noteworthy  anatomical  features  in  the  Order : 
the  occurrence  of  isolated  annular  and  spiral  vessels  in  the  pith  in  species  of 
Impaiiens ;  the  medullary  vascular  bundles  in  the  stem  of  certain  species  of 
Geranium  ;  the  peculiar  thickening-ridges,  showing  reticulate  arrangement,  in 
the  cells  of  the  subepidermal  layer  in  the  root  of  many  species  of  Erodium^ 
Geranium^  and  Pelargonium  (Fig.  39,  C). 

2.  Structure  of  the  Leaf.    The  leaf-structure  has  been  very  incom- 

S>letely  investigated.  From  the  statements  of  the  authors  and  from  some 
ew  observations  of  my  own  ^  the  following  remarks  may  be  made  on  this 
subject.  In  Oxalis  camosa,  MoL,  the  upper  epidermis  consists  of  very  high 
cells  elongated  like  palisade-tissue  many  times  exceeding  the  remainder  of  the 
leaf-tissue  in  thickness,  and  serving  for  the  storage  of  water ;  in  0.  arbuscula^ 


Fia  39.    A,  Stoma  of  Gtrtmimm  LmUesii,    b,  Glsfidater  hair  of  G^rmmimm  ftmtmm.  HodML    c,  Traat- 
vvrae Kctioa  throaffa  a  yoaaf  root  of  Germmium  tli§mehtm—A, aad  c after  Barfeadu ;  a,  orifiaaL 

Bam.,  the  epidermal  cells  on  both  sides  of  the  leaf  are  arched  outwards  as 
papillae,  but  in  0.  Inesiiae^  Phil.,  only  those  of  the  upper  side  (Reiche).  The 
stomata  do  not  possess  anv  special  subsidiary  cells.  They  are  present  either 
on  both  surfaces  of  the  leaf  (e.g.  in  Pelargonium  gUchomoides)^  or  only  on  the 
lower  side  ( Viviania  marifolia,  Impaiiens  SuUani^  &c.).  In  Erodium  cicutarium^ 
Geranium  Londesii  (see  Fig^  39,  i4),  &c.,  according  to  Berffendal,  curious  pro- 
jections, which  are  often  T-shaped,  are  borne  by  the  wafls  of  the  lower  epi- 
dermal cells,  mainly  in  the  immediate  neighbourhood  of  the  stomata,  but  also 
elsewhere  ;  not  uncommonly  they  are  quite  similar  to  those  which  have  been 
described  by  Cohn  and  Weiss  in  the  epidermal  cells  of  the  petals  in  different 
plants.  In  Oxalis  the  stomata  are  depressed  ;  according  to  Hildebrand,  the 
distribution  of  the  stomata  on  the  leaves  of  Oxalis,  shows  a  relation  to  the 
sleep-position  of  the  leaves.  Water-pores  are  present  (Hermann)  on  the 
peculiarly  constructed  leaf-teeth  of  Impaiiens  ;  they  are  likewise  present  above 
the  terminations  of  the  vascular  bundles  in  the  leaves  of  Tropaeoium  majus^  L. 
The  hairy  covering  consists  of  simple  unicellular  hairs  (Ktvianta  marifolia) 
or  uniseriate  hairs  {Geranium  favosum).  Besides  these,  in  Oxalis  camosa  and 
other  species,  there  are  water-storing  bladder-hairs  (epidermal  cells  developed 
like  bladders,  according  to  Goebel  and  others),  and  in  Erodium^  Geranium. 
Oxalis^  and  Pelargonium  there  are  glandular  hairs  with  a  stalk  of  variable 


'  The  latter  relate  to  Gtromium  faoosnm^  Hochst.,  Ftlar^mimm  gUtktwmda,  Rich.,  Limmamihit 
Dauglasii^  R.  Br.,  VntumU  marifoliM,  Cav.,  Oxaiis  AtHutll^  I^,  imtpmium  HmOtHm,  Rkh. 


GERANIACEAE  271 

length  and  a  unicellular  spherical  head.  The  stalk  of  the  glandular  hair  is 
unicellular  or  untseriate,  and  in  the  latter  case  sometimes  (Pelargonium  gle- 
ckomoiies^  Rich.)  shows  a  certain  amount  of  differentiation,  the  basal  part 
beine  developed  like  a  pedestal.  According  to  Hanstein,  the  same  kind  of 
glandular  hairs  are  also  met  with  as  a  bud-protection  in  Geranium  and  Pelar* 
gomium,  and  had  previously  been  mentioned  by  Martinet  in  numerous  species 
of  Erodium^  Geranium^  and  Pelargonium,  In  connexion  with  the  glandular 
hairs  the  glandular  leaf-teeth  of  Geranium  Roberiianum^  and  of  species  of 
ImpatienSf  may  be  shortly  mentioned.  Of  these  the  latter  are  often  beset 
with  small  flask-shaped  glandular  structures,  which,  moreover,  sometimes 
occur  in  other  positions  also,  e.g.  on  the  stem  of  Impaiiens  parviflora.  For 
the  detailed  structure  of  these  glandular  leaf-teeth  we  may  refer  to  Reinke's 
work  (loc.  cit.),  and  it  is  only  necessary  to  make  the  general  statement  that 
the  structures  in  question  contain  the  terminations  of  veins,  and  include  cells 
with  special  (in  some  cases  mucilaginous)  contents,  and  in  addition  to  these 
raphide-sacs  in  Impatiens ;  their  epidermis,  which  sometimes  shows  a  special 
structure,  bears  stomata  in  Geranium  Robtrtianum  only. 

Oxalate  of  lime  is  present  in  the  form  of  clustered  crystals,  solitary  crystals 
and  raphides.  Viviania  marifolia  contains  numerous  groups  of  relatively 
small  clustered  crystals  in  its  palisade-tissue.  In  Oxalis  delicaiula^  Pohl,  as 
sho^^D  by  a  casual  examination,  clustered  crystals  also  occur  in  the  mesophyll, 
and  give  rise  to  very  numerous  distinct  transparent  dots.  The  small  but  very 
distinct  pellucid  dots  in  the  leaf  of  Oxalis  laxa.  Hook,  et  Am.,  on  the  other 
hand,  are  due  to  crystal-sacs,  each  of  which  contains  a  large  solitary  crystal, 
sometimes  accompanied  by  smaller  crystals.  Raphide-sacs  are  character- 
istic of  the  genus  Impatiens ;  they  have  been  demonstrated  by  Blenk  in  no 
less  than  sixty-two  species  ;  they  sometimes  cause  transparent  dots  in  the  leaf, 
and  occur  also  in  the  stem.  The  raphide-sacs  are  characterized  by  mucila- 
ginous  contents.  In  Impatiens  tincioria  I  obser\*ed  two  kinds  of  raphide- 
sacs  :  firstly,  such  as  contain  short  raphides  and  much  mucilage,  and  secondly, 
others  with  a  long  bundle  of  raphides  and  scanty  mucilaginous  contents. 
In  the  leaf  of  Limnanthes  Douglasii,  no  excretion  of  oxalate  of  lime  takes 
place.  Spindle-shaped  protein-bodies  arc  met  with  in  some  of  the  species  of 
Impaiiens,  but  not  always  in  all  the  organs  (Amadei). 

Among  the  secretory  organs  we  may  specially  mention  the  schizo^enous 
secretory  cavities,  filled  with  brown  or  red  contents  which  are  occasionally 
transparent  and  crj'stalline  ;  these  cavities  occur  in  many  Cape  and  American 
species  of  Oxalis,  and  De  Bary  and  Hdhnel  have  already  given  data  con- 
cerning them. 

An  investigation  of  the  distribution  and  systematic  value  of  these  secretory 
cavities  has  still  to  be  made.  On  examination  with  a  lens  or  even  with  the  naked 
eye  they  appear  as  small  brown  or  reddish  striae  and  arc  mentioned  in  descriptive 
lyitany  as  f^iands  or  small  warts.  They  are,  as  a  rule,  found  on  the  leaf -margin, 
but  m  the  case  of  narrow  pinnules  (e.  f;.  of  Oxalis  f^ontorhua,  Eckl.  et  Zcyh.  var.  d, 
iemtnlauca,  Sond..  O.  peniaphyUa,  Sims,  O.  versicolor,  !«.,  Ac),  as  I  may  mention 
fmm  a  casual  obser\'ation,  they  lie  two  together  at  the  apex  of  the  usually  cmar- 
frinatc  pmnulc.  In  O.  Maritana,  Zucc,  the  brown  dots  are  present  in  vcr\'  large 
iiuml>crs  on  the  whole  surface  of  the  pinnule  ;  the  same  is  sometimes  the  case,  but 
not  on  all  of  the  leaflets,  in  O.  ornata,  Poepp.  The  secretory  cavities  in  question 
have  bct^n  mvcstigated  in  somewhat  greater  detail  by  liohnel  in  Oxalts  pentaphylla, 
Sims,  and  O.  Hofibunda,  I^hm.  In  the  first  named  species,  in  which  the  secretory 
cavities,  as  already  stated,  otxur  in  i>airs  at  the  apex  of  each  pinnule,  the  glan- 
dular suAce  in  closed  on  all  sides  and  lined  by  a  well  differentiated  epithelium.  In 
O.  florthunda,  on  the  other  hand,  where  as  many  as  thirty  dot-like  or  linear  warts  of 
vanous  sizes  are  distnbuted  over  the  whole  surface  of' each  leaflet,  the  epithelial 
cells  are  scarcely  distinguished  from  the  sunroonding  cells  of  the  mesophyll.  and  in 
this  case  only  tne  younger  secretory  cavities  are  provided  with  a  ckMed  epithelium ; 
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when  they  are  older  the  epithelium  is  burst  owing  to  the  accumulation  of  secre- 
tion, and  hence  the  secretory  space  communicates  with  the  air-containing  inter- 
cellular spaces  of  the  leaL  In  both  the  species  in  question  the  red  secretion, 
according  to  Hdhnel,  is  crystalline,  forming  a  sphere-crystal  in  the  smaller  glands  in 
just  the  same  way  as  in  the  secretory  cavities  of  the  Myrsineae  and  species  of 
Lysimachia,  while  in  the  linear  warts,  on  the  other' hand,  it  forms  a  more  granular 
mass,  which  is  soluble  in  alcohol,  ether,  acetic  add,  potash  solution,  Ac  According 
to  Hildebrand,  the  secretory  cavities  also  occur  in  the  bulb-scales  and  petals  of  the 
species  of  Oxalis  referred  to. 

A  second  type  of  internal  secretory  element  is  founds  according  to.  Her- 
mann, in  Impatiens  Suliani.  The  spongy  parench}rnia  of  this  specie  contains 
cells  branched  in  a  dendritic  manner  ana  spread  out  in  the  direction  of  the 
leaf-surface ;  these  cells  contain  tannin.  Special  tannin-containing  cells, 
according  to  Guignard,  also  occur  in  Limnanikes  {L.  Dauglasii,  R.  Br.).  Thev 
are  long  tubular  cells  occurring  in  the  lower  epidermis,  and  attaining  a  length 
of  -2  to  2.5  nun. ;  they  are  elongated  parallel  to  the  lone  axis  of  the  leaf-tips, 
and  sometimes  lie  in  twos  with  their  longitudinal  walls  touching ;  cells  of 
a  similar  nature  occur  in  the  epidermis  of  the  branch  or  immediately  in 
contact  with  it.  Spherical  secretory  cells  of  inconsiderable  sixe  (diameter  — 
•015  mm.)  are  stated  by  Blenk  to  occur  in  the  leaf- tissue  of  Trotaeolum  penta- 
pkyllum.  Lam.  These  give  rise  to  extremely  delicate  dots,  whicn  only  become 
visible  with  a  lens.  Their  contents  are  doubly  refractive,  do  not  stain  with 
iodine-solution,  are  insoluble  in  alcohol,  ether,  and  glycerine,  but  are  soluble 
in  water,  and  in  dilute  potash-solution.  The  sphaerocrystalline  masses,  which 
Blenk  met  with  in-  certain  leaves  of  Tropaeolum  majus^  var.  fuscum^  appear 
to  consbt  of  the  same  substance. 

Lastly,  m)nx)sin-cells,  which  have  already  been  described  as  occurring  in 
the  Capparideae  and  their  allies,  reappear  in  the  Geraniaceae ;  although  usually 
they  only  become  evident  on  the  employment  of  chemical  reactions. 

Myrosin  is  present  in  Tropaeolum,  not  only  in  the  seed,  as  SpAtzier  mentions, 
but,  according  to  Guignard,  also  in  the  vegetative  organs,  as  might  be  inferred 
from  their  cress-like  smell  and  taste.  Guignard  also  succeeded,  though  Spatzier 
failed,  in  determining  the  localization  of  the  myrosin  in  Tropaeolum  mafus  and  T. 
peregrinum  with  the  help  of  MiUon's  reaction  ;  it  occura  in  the  bast  and  primary 
cortex  of  the  root,  and  sparingly  in  the  bast,  but  more  abundantly  in  the  sub- 
epidermal layer  of  the  branches,  and  lastly,  aLso  in  the  tissue  of  the  leaf.  In  the 
root  and  branch  onlv  certain  cells  give  the  reaction ;  sometimes  they  differ  in  their 
size  from  the  neighoouring  cells,  so  that  one  may  speak  of  the  occurrence  of 
special  '  mvrosin-cells  '  in  these  tissues.  In  the  leaves,  on  the  other  hand,  distinct 
myrosin-cclls  are  not  evident ;  the  myrosin  appears  to  be  distributed  in  the  leaf  in 
small  quantities  throughout  a  large  portion  of  the  tissue.  Apart  from  Tropaeolum, 
myrosin-cells  have  also  been  observed  by  Guignard  in  the  genus  Limnanikes  (L. 
Douglasii),  Here  they  occur  in  the  lacunar  primary  parenchyma  of  the  cortex  ajod 
in  the  endodermis  of  the  root,  as  well  as  in  the  lacunar  primary  cortex  and  the  bast 
of  the  branches,  while  in  the  leaf  they  are  absent. 

The  structure  of  the  petiole  has  been  investigated  chiefly  by  Petit,  and 
in  the  case  of  the  genera  Geranium^  Pelargonium,  Impatiens,  and  Erodium 
also  by  Jacnnicke,  Bergendal,  and  Hermann.  Petit's  are  the  most  important 
obser\'ations,  and  form  the  principal  source  of  the  following  statements. 

In  the  tribe  Geranieae,  Petit  investigated  the  genera  Biebersteinia,  Monsonia, 
Geranium^  and  Erodium,  These  agree,  in  the  foUowing  points:  three  vascular 
bundles  enter  the  petiole,  and  the  characteristic  region  contains  a  circle  of  four 
or  more  isolated  bundles,  of  which  usually  four  principal  bundles  appear  orien- 
tated in  an  orthogonal  cross.  The  detailed  course  of  tne  vascular  bundles  in  the 
petiole  cannot  be  tuUy  discussed  here  ;  it  must  suffice  to  mention  that  of  the  three 
bundles  found  in  the  initial  region  the  lateral  strands  divide,  and  two  of  the  vascular 
bundles  thus  produced  are  fused  in  the  characteristic  region  to  form  the  median 
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upper  bundle.  The  species  Geranium  anemonaefaiium,  previously  investigated  by 
otargcndal^  exhibits  in  the  characteristic  region  an  outer  circle  of  fourteen  smaller 
isolated  vascular  bundles  and  an  inner  circle  of  five  larger  ones ;  of  these  the  two  upper 
bundles  are  closely  approximated ;  this  structure  may  be  derived  from  the  type  de- 
scribed. According  to  Jaennicke,  the  occurrence  or  absence  of  a  pericyclic  scleren- 
chyma-ring  in  contact  with  the  vascular  bundles  is  of  importance  for  cnaracterizing 
the  species  of  Geranium  ;  this  sclerenchymatous  ring  is  either  entirely  composed  c» 
hard  bast-fibres  (G.  phaeum.  Pelargonium  Andrewsii,  and  the  praiense-group)  or 
consists  of  hard  bast  and  stone-cel&  (G.  sanguineum  and  G.  aconitifolium).  Of 
the  tribe  Pelargonieae,  Pelargonium  as  well  as  Tropaeolum  have  been  investigated. 
Pelargonium  approaches  the  Geranieae  in  so  far  as  three  vascular  bundles  pass  into 
the  petiole  ;  the  characteristic  region  exhibits  a  circle  of  six  or  more  isolated 
buncUes — which  are  applied  to  a  pericychc  ring  of  hard  bast  or  to  a  composite 
sclerenchymatous  ring — and  besides  these  a  central  medullary  bundle,  which 
according  to  Jaennicke  and  Petit  is  characteristic  of  the  eenus.  Tropaeolum 
shows  different  features;  in  the  initial  region  a  circle  of  eight  isolated  bundles 
is  found,  in  the  characteristic  region,  a  circle  of  nine  bundles.  The  latter  region  in 
Vivtania  petiolata,  belonging  to  the  tribe  Vivianieae,  possesses  an  arc-shaped  vascular 
system  and  one  small  vascular  bundle  on  each  of  its  flanks  ;  the  investigated  species 
oil  Wendiia  and  Rhynchotheca  (tribe  Wendtieae)  contain  only  one  wcU-dcveloped 
vascular  bundle  in  this  region.  Of  the  Oxahdeae  species  of  Oxalis  and  Averrkoa 
have  been  investigated,  of  the  Balsamineae  species  of  Impaiiens.  In  Oxalis  Utra^ 
pkylla,  Cav.,  the  initial  region  of  the  petiole  has  an  arc  of  nine  isolated  bundles, 
while  the  characteristic  region  shows  a  rine  of  wood  and  bast,  which  encloses  two 
medullary  bundles ;  in  this  region  Oxalis  Tati folia,  H.  B.  K.,  has  an  interrupted 
ring  of  bundles  and  no  medullary  bundles,  Averrhoa  Caramhola  has  a  ring  of  wood 
and  bast,  while  Impaiiens  has  an  arc  formed  of  three  bundles. 

3.  Structure  of  the  Axis.  Concerning  the  structure  of  the  wood  in 
the  woody  species,  my  earlier  general  investigation,  which  extended  to  species 
of  the  genera  Monsonia^  Pelargonium^  Viviania^  and  Averrhoa^  gave  the  follow- 
ing results.  Ray-parenchyma  is  absent  in  Monsonia  anguslifoiia^  E.  Mey,  and 
Vtviania  marifolia^  Cav. ;  elsewhere  the  medullary  rays  vary  in  breadth  ;  in 
Averrhoa  Carambola^  L.  they  are  uniseriate  or  biseriate  only.  The  vessels  have 
simple  perforations.  In  contact  with  parenchyma  of  the  medullary  rays  the 
wall  of  the  vessel  shows  simple  pitting  with  transitions  to  bordered  pitting. 
The  pitted  vessels  of  Viviania  marifolia  are  spirally  thickened.  Wood-paren- 
chyma is  not  conspicuously  developed.  The  waifs  of  the  prosenchyma  are, 
as  a  rule,  provided  with  simple  pits ;  in  Viviania  a  distmct  pit-border  is 
present  in  most  cases ;  the  wood-prosenchyma  of  Averrhoa  Carambola,  L.,  is 
sometimes  septate. 

As  regards  the  structure  of  the  cortex,  I  may  add  that  in  Monsonia 
anguUifolia,  E.  Mey,  the  boundary  between  the  bast  and  primary  cortex  is 
formed  by  isolated  groups  of  hard  bast,  and  in  Averrhoa  Larambola^  L.,  by 
a  com|)Osite  and  continuous  sclerenchyma-ring  ;  in  Monsonia  the  cork,  which  is 
composed  of  cells  with  wide  lumina  and  thin  walls,  takes  its  origin  immediately 
below  the  epidermis.  The  many-layered  periderm  of  Sarcocaulon  rigidum^ 
Schinz,  also  deser\'es  mention  ;  it  is  filled  with  a  wax-like  substance,  and  at  any 
rate  has  some  connexion  with  the  resinous  covering  of  the  branches  (Volkens). 

The  following  facts  should  be  pointed  out  regarding  the  stem-structure 
of  the  herbaceous  species.  The  genus  Impaiiens  is  specially  interesting  on 
account  of  the  occurrence  of  isolated  annular  and  spirsu  vessels  in  the  pith  ', 
which  are  differentiated  l)eforc  the  development  of  the  vascular  bundles 
(Bevsi*),  and  on  account  of  the  structure  of  the  nodes  of  the  stem,  where  the 
libriform  of  the  xylem  in  the  intemodes  is  replaced  by  collenchymatous  tissue. 
In  Impaiiens  the  innermost  layer  of  the  primary  cortex  is  formed  by  a  starch- 


la  /.  Balmminm,  /.  IMtUmmgert^  and  /.  f^rmjlera. 
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sheath  which  subsequently  becomes  a  suberiied  endodermis.  The  firm- 
ness of  the  thick  stems  of  certain  species  of  ImpoHens^  which  often  attain 
the  height  of  a  man,  is  entirely  due  to  the  strongly  turgescent  ground-tissue. 
Of  the  genera  Geranium^  Pelargonium,  and  Erodium^  the  first  two  have  a  ring 
of  hard  bast  in  the  pericyde.  Eradium,  on  the  other  hand*  has  a  composite 
and  continuous  sclerenchyma-ring  (Jaennicke).  In  certain  species  of  Geranium 
(G.  palustre,  G.  Robertianum,  and  G^  sanguineum)  the  fibro-vascular  strands  of 
the  aerial  parts  of  the  stem,  like  those  of  the  Cucurbitaceae,  are  arranged  in 
two  circles ;  those  belonging  to  the  inner  circle  may  be  reg^irded  as  meduUary 
bundles,  and  some  of  them  have  concentric  structure  with  central  phloem 
(J.  £.  Weiss,  Bergendal).  The  peripheral  strands  are  the  leaf- traces  of  the 
next  pair  of  leaves  above ;  the  medullary  strands  are  essentially  the  continua- 
tion of  the  fusing  vasctilar  bundles  of  the  next  bifher  intemode. 

As  regards  the  stracture  of  the  root,  the  subepidermal  layer  of  the  main 
and  lateral  roots  in  the  genera  Erodium,  Geranium,  and  Pelargonium,  is  dis- 
tinguished by  characteristic  thickening-ridges.  These  occur  on  the  horizontal 
and  radial  walls  of  the  cells  mentioned ;  they  meet  at  the  comers,  and  corre- 
spond in  neighbouring  cells,  and  thus  form  a  network  of  rectangular  meshes 
developed  in  the  tangential  direction  (see  Beigendal  and  Van  Tieghem,  loc.  cit.). 

Litermtare :  Chatia,  Fam.  det  Trop^lto,  Ann.  tc.  nat.,  wh.  4,  t  t,  i854.^HaiiiletB,  BoC  Zcit. 
1868,  p.  74c. — Martinet,  Org.  d.i^cr^.,  Ann.  k.  nat.,  i^r.  5.  t.  aiv,  187a,  p.  138  ct  scq.  and  pL  8, 9.— 
Rdnke,  Pnngthdm  Tahrb.,  Bd.  x,  1876.  pp.  159-^3.— De  Bary,  Vergl.  AnaL,  1877.-X:.  de  Can- 
dolle,  Anat.  comp.  d.  f.,  M^m.  Soc.  pbyt.  ct  nat.  de  Geneve,  t.  xxri,  3,  1879,  p.  441. — Beyte,  Anat. 
Baa,  8cc  der  Gatt.  ImpatUns,  Diss.,  Halle  a.  S  ,  i8Si._HohneI,  Sekretiooiorg.,  Sitz.-Bcr.  Wiener 
Akad.,  Bd.  luxW,  AbL  i,  1881, pp.  574,  575.— Bergendal.  Ltiodt  Univert.  Antkr.,  t  aiz,  188J-3; 
abftract  in  Jnst,  1883,  i.  P-  >>9—- /•  £•  Weist,  Markft  Gef.-Sytt.,  BoC.  CentialbL  1883,  iii.  p.  284  et  ie<). 
— Amchoug,  Om  fyilodiemai  bygn.,  Verb.  la.  skandinav.  Natorl-Ven.,  pp.  409-1  a,  abiUact  in 
Tost,  1883,  i,  p.  197.— Blenk,  Flora,  1884,  p.  aa3  et  teq.,  lepafatc  copy,  pp.  40-a. — HUdebraad, 
Lebensverb.  der  OjM/i>-Arten,  Tena,  1884. — Solereder,  Holzstr.,  1885,  p.  91. — Bdirent,  Hantdrtiten, 
Sitz.-Ber.  dentscb.  bot.  Getellfch.,  1 886,  p.  400  et  teq. — Hermann,  Morpb.  n.  anat  Untert.  einim  A.  d. 
Gatt.  Imfatifm,  dx.,  DiM.,  Freiburg  i.  Br.,  i886.~Jaennicke.  Vergl.  Anat.  der  G.,  Abb.  Sankenberg. 
natarf.  Gesellscb.,  Bd.  xiv,  3.  Heft,  1886.— Radlkofer,  Sitz.-Ber.  Miincb.  Akad^  1886,  p.  305.^ 
Eiielen,  Rhapbiden,  Din.,  Halle  a.  S.,  1887,  p.  9.^Petit,  Petiole,  M^m.  Soc.  pbja.  et  nat.  de 
Bordeaux,  wbt.  3,  t.  iii,  1887,  pp.  a87-94  and  pi.  iT.—Volkent.  Aegypt«.arab.  Wtitte,  1887.  pp.  109- 
II  and  Tab.  zr.— Van  Tiegbem  et  Mooal,  Roseau  soos^pid.  de  la  rac  det  G.,  Boll.  Soc  boC.  de 
France,  1888.  p.  374;  see  also  Ann.  sc  nat.,  ^.  7,  t.  rii,  1888,  p.  375  and  t.  viii,  1888,  p.  154.— 
Goebel,  Biolog.  Scbild.,  i,  1889.  pp.  45,  46.~Petit,  Act.  Soc  Unn.  de  Bordeaoz,  t.  43,  1889, 
pp.  a4-4S  and  pi.  i.— Ross,  Nqot.  Giom.  bot.,  t  xxi,  1889,  p.  330.— Rctcbe,  in  NattirL  Pflansenfia.. 
3.  Tcil,  Abt.  4,  1890,  pp.  a,  16,  and  35.— Volkens,  Sitx..Ber.  deottcb.  bot  Gesellscb.  1890,  pp.  133, 
133.— Spatxier,  Pringsbeim'Tahrb.,  Bd.  xxr,  1893,  p.  55.— Gnignard,  Jonm.  de  bot.,  L  vii,  1893. 

H>-  393  ^<1  417  ^  *«)• — [Bastin,  Stmct.  of  Gtr.  maaUatum,  Americ  Jonra.  of  Pbarm.  1894  ] — 
erbst.  Ik>t.  Centralbl.  1894,  i.  p.  337.— Rdcbe.  Oxaiis,  Engler,  BoL  Jabrb.,  Bd.  sviii,  189A, 
pp-  361-3.— Meigen.  Pjigler,  Bot.  Jabrb.,  Bd.  zviU,  1894,  p.  411.— Warbwg  a.  Retcbe,  in  NatdrL 
Pflanxenfam.,  3.  Teil,  Abt  5.  1895,  p.  385.— Mattej,  Corpnscoli  ro«i,  &c.  Ball.  Soc  bot.  Ital.«  1S97, 
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I.  Review  of  the  Anatomical  Features.  The  Rutaceae  are  charac- 
terized in  a  very  definite  manner  by  certain  anatomical  characters :  firstly* 
by  the  presence  of  schizogenous  secretory  cavities  in  the  ground-tissae  of  the 
branches  and  of  the  leaf,  giving  rise  to  transparent  dots  visible  either  in  the 
uninjured  leaf  or  on  a  cut  surface ;  further,  by  the  almost  exclusive  occurrence 
of  simple  perforations  in  the  vessels,  by  the  occurrence  of  bordered  pits  on  the 
vessel-wall  where  it  is  in  contact  with  parenchjmia,  as  well  as  by  the  wood* 
prosenchyina  with  simple  pits ;  lastly,  b]^  the  nature  of  the  pericj^de,  which 
m  the  majority  of  the  Rutaceae  contains  isolated  groups  of  baist-fiores.    Only 
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a  few  members  of  the  Order  afford  exceptions  with  respect  to  the  features 
)OSt  mentioned :  I.  Secretory  cavities  are  not  present  in  Pkelline^  the  syste- 
matic position  of  this  genus,  however,  requires  further  consideration.  II.  In 
some  lew  genera  {Leptothyrsa^  Boenninghausenia^  Calodendron^  Adenandra^ 
Barosma^  Agathosma^  Acronyckia,  Clausena^  Paramignya)  scalariform  perfora- 
tions with  few  or  many  bars  have  been  observed  side  by  side  with  the  simple 
perforations.  III.  In  Skimmia  and  Orixa,  relatively  small  simple  pits  are 
found  on  the  vessel-walls  where  they  are  in  contact  with  parenchyma.  IV. 
A  composite  and  continuous  sclerench3ana-ring  in  place  of  the  isolate!  primary 
bundles  of  bast-fibres  has  been  observed  only  m  Amyris,  Pilocarpus^  and 
Paramignya, 

The  following  statements  may  be  made  regarding  the  remaining  ana- 
tomical features.  A  special  type  of  stoma  usually  does  not  appear  m  this 
Order.  The  origin  of  the  cork  is  superficial.  The  special  forms  ol  hairs  occur- 
ring are  peltate  (Fig.  41,  D),  tufted  and  stellate  hairs,  unicellular  or  multicellular 
glandular  hairs  of  various  forms  (Fig.  41,  A-B),  and  glandular  warts  containing 
a  secretory  space  {Dictamnus,  Fig.  41,  C).  Oxalate  of  lime  is  excreted  in  the 
form  of  ordinary  rhombohedra  or  clustered  crystals,  but  sometimes  also  in  the 
form  of  raphides  (Erythrochiton^  Galipea^  Raputia^  Ravia)  or  styloids  {Erythro- 


Pig.  40.    Trant^-^ne  tection  throaKh  the  leaf  of  Barosma  urrsiijolim^  Willd.— Ori^aal. 

chiton^  Gaiipea^  Monnieria,  Rapuiia,  Ravenia,  Ravia)  or  of  typical  crystal-sand 
{Cu$paria^  Orixa).  Of  special  secretory  elements  we  may  also  mention  (a)  the 
mucilage-cells  or  mucilage-spaces  in  the  cortex  of  species  of  Zanthoxylon^  Evodia^ 
and  PkfUodendron^  (6)  the  mucilage-cavities  in  the  wood  of  Evodia  rutaecarpa^ 
Hook.  f.  et  Thoms.,  (c)  the  rrntral  secretory  canal  in  the  pith  of  Clausena 
punctata  (Retz.),  (d)  the  resin-cells,  which  are  present  in  very  many  members 
of  the  Order  in  the  pith,  primary  cortex,  parench5ana  and  medullary  rays  of 
the  l>ast,  and  (e)  the  gclatinization  of  the  epidermis  of  the  leaf  (Fig.  40), 
which  occurs  in  certain  species  and  is  often  present  to  a  considerable  extent. 
H\*poderm  has  been  obser\*t*d  on  the  upi>er  side  of  the  leaves  of  Cusparia 
cunnfolia^  Hngl.,  and  Peganum  Harmala,  L.,  papillose  differentiation  of  the 
lower  epidermis  of  the  leaf  in  Spiranthera  odoratissima,  St.  Hil. 

2.  Structure  of  the  Leaf.  Apart  from  the  secretory  elements,  of  which 
I  shall  speak  later,  little  is  known  as  to  the  leaf-structure  of  the  Rutaceae 
The  epidermal  cells  have  straight  or  undulated  lateral  walls.  Gelatinization 
of  the  inner  membrane  has  been  observtHl  in  the  epidermis  of  Taddalia  aculeata^ 
Pers..  EmpUurum  ensatum,  Eckl.  et  Zeyh.,  and  E.  serrulatum^  Ait,  and  is 
specially  conspicuous  in  Buku-leaves  (s{>ecies  of  Barosma,  see  Fig.  40).  In 
the  cas«»  last  mentioned  the  mucilage  in  the  dried  leaves  frequently  includes 
dendritic  crystalline  excretions  of  hesperidin,  which  dissolve  in  pota^-solution 
with  yellow  coloration  of  the  liquid.  In  Cusparia  cuneifolia.  Engl.,  a  fairlv 
large-celled  hypoderm  is  found  below  the  epidermis  on  the  upper  side  of  the  leaf. 
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and  a  similar  structure  occurs  in  Peganum  Harmala^  L.,  according  to  Volkens  ; 
in  Spiranihcra  odaratissima,  St.  Hil.»  according  to  Radlkofer,  the  epidermis  on 
the  lower  side  of  the  leaf  shows  papillose  differentiation.  The  stomata  are 
found  either  on  both  sides,  e.g.  in  KtUa  graveolens^  L.,  or  only  on  the  lower 
surface  of  the  leaf.  They  are,  as  a  rule,  not  accompanied  bv  any  special 
subsidiary  cells  \  but  in  Cusparia  cuntifolia,  Engl,  one  or  two  subsidiary  cells, 
which  are  parallel  to  the  pore,  lie  on  either  side  of  the  guard-cells.  The  veins 
frequently  contain  sclerenchyma  accompanying  the  vasctilar  bundles,  e.g.  in 
Cusparia  cuneifolia,  sometimes,  however,  it  is  wanting  {RtUa  graveoUns). 

Oxalate  of  lime  has  been  observed  in  the  leaf  in  the  form  of  ordinary 
soUtary  crystals,  clustered  crystals,  raphides  and  styloids.  SoUtary  crystals 
are  found  m  CUrus  accoinpanying  the  sclerench}rma  of  the  veins  as  well  as  in 
enlarged  epidermal  cells  of^  special  form  ;  in  these  only  quite  a  small  portion  of 
the  cell  takes  part  in  the  formation  of  the  outer  wall  of  the  epidermis,  while  its 
lower  portion  penetrates  slightly  into  the  assimilatory  tissue  of  the  leaf ;  in 
these  epidermsd  cells  the  crystals  are  embedded  in  the  strongly  thickened  inner 
membrane.  Clustered  crystals  are  very  widely  distribute  in  the  mesophyll 
of  numerous  species  (e.g.  Ruta  graveoUns,  Cusparia  cuneifoliOy  Toadalia 
acuUata) ;  sometimes  they  also  occur  accompanying  the  sclerenchyma  of  the 
veins.  Blenk  has  demonstrated  raphides  in  the  leaf-tissue  of  Erythrockiion 
brasiliensis,  Nees  et  Mart. ;  according  to  my  own  observations,  styloids  are 
found  in  Mannieria  trifolia,  L.,  and  in  a  new,  and  as  far  as  I  am  aware  as  yet 
undescribed,  species  of  the  same  genus  from  Ecuador  (Eggers,  no.  14732). 
Lastly,  we  may  mention  the  sphaerocrystals  which  Schaarschmidt  met  with  in 
alcohol-material  of  Haplophyllum  Biebersteinii,  and  described  as  beha\ing 
similarly  to  inulin  ;  as  also  the  sphaero-crystalline  masses  of  oxalate  of  soda, 
which  clenk  observed  in  the  mesophyll  in  herbuium-material  of  Malacocarpus 
{Peganum)  crithmifolius,  Fisch.  et  Mey. 

The  following  facts  may  be  mentioned  concerning  the  hairy  covering. 
Glandular  hairs  are  by  no  means  found  in  aU  members  of  the  Order ;  they 
are  absent,  e.g.,  in  Ruia  graveolens^  Cusparia  cuneifolia,  Diosma  vulgaris, 
Schlecht.,  and  in  other  species.  The  structure  of  the  glandular  hairs  varies. 
In  Mannieria  they  are  unicellular  and  club-shaped ;  here  they  chiefly  occur 
above  the  secretory  cavities.  In  Toddalia  acuUata,  Pers.  (Fig.  41,  A-B)  the 
shortly  stalked  glandular  hairs  have  a  pear-shaped  head  composed  of  numerous 
polyhedral  cells,  and  are  sunk  in  small  pits  in  the  leaf.  According  to  Rauter, 
club-shaped  multicellular  external  glands  are  found  in  Carrea.  Tht  external 
glands  found  on  the  surface  of  the  leaf  of  Didamnus  have  a  i-4-seriate  stalk 
and  a  spherical  multicellular  head.  The  peculiar  glandular  warts  (Fig.  41,  C), 
which  occur  in  the  floral  re^on  of  Didamnus  and  enclose  a  secretory  ca\nty, 
wiU  be  discussed  more  fully  below  in  the  section  dealing  with  secretory 
cavities.  The  following  forms  of  clothing  hairs  have  been  observed.  Uni- 
cellular bristle-hairs  have  been  met  with  by  Rauter  in  Dictamnus,  Tufted 
hairs,  with  short  or  long  ray-cells,  are  found  in  Baronia  Isdi folia,  J.  Gay  var. 
Stellate  hairs  are  not  uncommon  in  the  Order  and  occur  in  the  genera  Cahden- 
dron,  Zieria,  Eriostemon,  Phehalium,  Urocarpus,  AsUrdasia,  Correa,  Chorilaena, 
and  Diplolaena,  according  to  Bentham  and  Hooker,  as  well  as  in  PUuran- 
dropsis,  according  to  Baillon.  The  stellate  hairs  of  Correa  have  been  investi- 
gated in  detail  by  Rauter ;.  they  possess  a  multiseriate  stalk  and  a  varied 
number  of  ray-c^lls.  Peltate  hairs  occur  in  the  genera  Eriostemon,  NemaUh 
lepis,  Pkebalium,  Rabelaisia  and  Urocarpus^  according  to  the  statements  of 


'  lo  /*«/«  grttveoUm  the  mochcr-oell  of  the  guard-cellt  to  cot  off  bjr  the  fim  and  oolj  divtoioo : 
in  other  words,  the  initial  cell  derelops  directly  at  the  mother-ccU  of  the  gmd-cdU  v*cc  Scrat- 
barger,  Pringihetm  Jahrb.,  Bd.  t.  1866-7.  p.  304  and  TaC  nzri). 
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systonatists.  The  structure  of  the  peltate  hairs  has  been  investigated  in  detail 
by  O.  Bachmann,  but  only  in  the  genus  Phebalium  (Fig.  41,  D),  where  it  varies. 
The  peltate  hairs  of  Phebalium  Billardierii,  A.  Juss.,  P.  glanduhsum,  Hook.» 
P,  mie^  Bartl.9  and  P.  squamulosum^  Vent,  have  the  same  structure  of  the  shield 
as  in  the  Sterculiaceous  genus  Heriiiera,  since  the  ray-cells,  which  are  free 
at  the  maif[in,  only  in  part  extend  to  the  centre,  and  are  more  or  less  distinctly 
arranged  in  relation  to  a  middle  line ;  the  stalk  is  short  and  consists  of  a  layer 
of  several  cells.  In  Phebalium  argenUum,  Sm.  (Fig.  41,  D)  the  shield  is  differently 
constituted,  being  formed  essentially  of  a  double  zone  of  rays,  and  thus 
resembling  the  peltate  scales  of  the  bombaceae. 

The  secretory  cavities,  as  is  generally  known,  have  been  pointed  out  by 


Pia  Ai.  A-B,  GUndslar  hAir  from  the  kaf  of  Todda/im  ocuUatM,  Pm.,  A  in  trctioo,  B  m  mr^mcr  vimr 
c  GluKluBr  •hacxy  batr  from  thr  floral  rrgton  of  Diaamntu  Frojeituilm,  Pert,  d,  PiehAte  hair  of  PktMimm 
mrgtmttum^  Pen.— A-B  Original,  c  after  Raairr,  D  after  O.  Bachmann. 

En^ler  as  an  excellent  systematic  character  for  the  delimitation  of  the  Order. 
It  IS  also  well  known  that  they  give  rise  to  transparent  dots  in  the  leaf, 
either  in  the  uninjured  leaf  or  on  a  cut  surface  ;  these  dots  are  usuidly 
distributefi  uniformly  over  the  whole  leaf-surface,  but  are  sometimes  restricted 
to  the  margin.  There  are  two  op|)osite  views  regarding  the  origin  of  these 
secretory  cavities  :  Rauter,  Martmct,  Chatin,  De  Bary,  and  Hohnel  ascribe 
a  lysigenous  origin  to  them ;  Frank,  Van  Ticghem,  and  L^lois  state  that  their 
origin  is  schizogenous.  According  to  the  most  recent  investigations  of  Sieck 
the  truth  probably  hes  between  the  two.  The  secretory  cavities  of  the  Rutaceae 
(and  likewise  the  secretory  receptacles  of  the  Simarubaceae,  Anacardiaceae,  and 
Dipterocarpeae,  as  well  as  those  of  the  genera  Liquidambar  and  Copaifera)  are 
ichixolysigenous. 

I.  N 
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In  the  cases  investigated  by  Sieck  (species  of  Amyris,  Barosma,  Citrus^  Correa^ 
Diciamnus,  Ptelea,  and  Ruia),  the  oil-cavities  develop  from  the  prodncts  of 
division  of  a  specially  characterized  mother-cell,  the  daughter-cells  separating 
schizogenously  trom  one  another  in  the  middle.  The  walls  of  the  daaghter-ceUs, 
which  abut  on  the  secretory  space  and  have  the  character  of  mncilaginous  mem- 
branes, are,  according  to  Sieck,  the  seat  of  the  secretion,  l^is  secretion  arises 
between  an  outer  mucilaginous  lamella  and  an  inner  lamella  in  the  sw^en,  cap- 
shaped  portions  of  the  wall*  which  abut  on  the  interceUular  space.  When  the 
secretion  accumulates  in  some  quantity,  the  mucilaginous  lamella  bursts,  and 
ultimately  also  the  inner  lamella ;  thereupon  gelatinization  of  the  middle  la- 
mellae of  the  lateral  walls  in  the  ceUs  boraering  on  the  cavity  soon  ensues :  in 
short,  solution  of  the  cells  surrounding  the  secretory  space  takes  place,  and  this  goes 
on,  so  that  a  lysigenous  widening  of  the  secretory  cavity,  which  was  first  formed  in 
a  schizogenous  manner,  takes  place. 

The  secretory  cavities  of  HaplophyUum  tuberculatum,  A.  Juss.  are  specially 
remarkable  owing  to  their  standing  in  relation  to  the  water-conducting  system ; 
for  tracheae  branch  off  from  the  vascular  bundles  of  the  veins  and  run  up  to  the 
glands.  Special  mention  may  now  be  made  of  the  secretory  cavities  which 
occur  in  the  wart-like  trichome-structures  of  Diciamnus  (see  above  and  Fi^.  41,  C). 
Each  of  the  latter,  as  Rauter  has  demonstrated,  is  a  multicellular  ovoid  body, 
which  arises  from  a  single  epidermal  cell,  and  at  its  apex  runs  out  into  a  single  hair 
(biseriate  at  its  base,  but  uniseriate  above),  while  its  lower  part  consists  of  a 
permanent  peripheral  layer  of  epidermal  cells  with  scanty  contents,  and  of  an 
internal  multicellular  mass,  rich  in  oil,  and  afterwards  replaced  by  a  secretory 
space. 

The  secretory  cavities  in  question  have  been  demonstrated  by  Engler,  Bi611er, 
and  Blcnk  in  numerous  members  of  the  Order.  Only  in  some  few  of  the  genera, 
cited  in  Bentham  and  Hooker,  Gen.  Plant.,  p.  279  et  seq.,  was  the  absence  of  secre- 
tory cavities  mentioned  by  the  above  observers,  namely :  Erythrochiton,  Hyptiandwa, 
Maanococca,  Peganum,  Phelline,  and  Phellodendfon.  But  of  these  six  exceptions, 
two,  namely,  Erythrochiton  and  PheUodendron,  must  be  removed,  inasmuch  as 
Radlkofcr  succeeded  in  demonstrating  secretory  cavities  in  these  also.  Further, 
Peganum  *  does  not  come  into  consideration  as  an  exception,  because  this  genus,  in 
accordance  with  the  unanimous  opinion  of  Engler,  Baillon,  and  Eichler,  must  be 
included  amone  the  Zygophylleae ;  this  also  applies  to  the  genus  Milanococca. 
which,  as  is  well  known,  has  been  shown  by  Engter  to  be  a  species  of  Rhus,  and 
to  the  genus  Hyptiandra,  which  in  Bentham  and  Hooker's  supplement  has  been 
appendMl  to  the  Simarubaceae.  Of  all  the  genera  investigated',  PknUins  thus 
remains  the  only  real  exception. 


*  FtgOMum  critkmifolium^  Rctz.  has  namerons  raphide-sact  in  its  mesophyll.  In  P.  ffanmmia, 
L.  the  cells  of  the  mesophyll  are  entirely  filled  by  nnmeroiit  rod-  and  needle-shaped  crytuls, 
deriating  from  the  mphide-type;  in  the  mednllary  rays  of  the  branches  of  Pigmmm  ffmrmsia 
bandies  of  short  acicnlar  oystals  are  also  foood,  and  some  cells  of  the  primary  coctical  paren- 
chyma and  especially  those  adjoining  the  epidermis,  are  crowded  with  adcalar  crystals,  which  are 
also  present  in  the  bast  Moreover,  according  to  Hohnel,  an  abondant  secretioQ  occsrs  ia  the 
ordinary  interoellalar  spaces  of  the  leaf  in  Pegcmmm  HormmU. 

'  Blcnk,  Engler,  and  others  hare  met  with  secretory  cavities  in  the  following  genera  of  Rataeeae, 
which  are  dted  m  the  serial  order  of  Dnrand's  Index  : — Tribe  I,  Cosparieae :  Sp&mUkifa,  Aiwmdm, 
Ltfiothyrsa,  ErytkrockUon,  Naudinia^  Gtdipia^  KaptUia,  Ditagtm^mrpm,  Cmparim,  ^srm, 
TUoruL,  Ravenia  and  McmmUria ;  Tribe  II,  Rnteae :  Ruia,  Bsnmimfkmmtmim,  Dkimmmms,  Tkirm- 
du/ts.  Thamn^sma ;  Tribe  III,  Diosmeae  :  CaUdtmdrm,  Smkmeiis,  Mmtr^siyiis,  DUrmm^  C^imtemm, 
Atmadenia,  Admamdrm,  Bmr^sma,  Agatkosma,  EmfUurum ;  Tribe  IV,  Borooieae :  Zitria,  Bertmm, 
Acrmdtnia,  EricsUm^m,  Pkibaiimm,  Mur^cyU^  Gtwmama,  Cremea,  Pkittiksem,  Atitr§imHm,  Cwrm, 
NtmaUUpU,  Ck«rilmtma  and  Dipl^lama  ;  Tribe  V,  Zanthozyleae  :  MeHct^,  Evedm,  AttrtfkfOmm, 

Lmttasia  {Rabelaisia),  PiUcarpus,  Esinhetkim,  Metr$d»rea,  PdUthiima ;  Tribe  VI,  Toddalieae  :  7W- 
dalia,  Baifrurodendrm  (^  Esm^ckim  Rudeiiama,  Engl.),  Phiihdindrmt,  H^rtia,  PtiUm^  MtHtUa, 
Acrvmyckm^Skimmim,  CanwUr$m ;  Tribe  VII,  Anrantieae:  Glyttmis,  AmyfU,Stmmwmmikm$^  Mkr^ 
trng/mMf  THphatim^  Um§mim,  Mmrmya^  Clmmsenm^  Luvmrnim,  Panumifmm,  A$aiamtim,  CMnu^ 
Pnwnim  and  Aifi*.  Among  the  remaining  genera  enometated  in  Dnrand  s  Index,  pelladd  dots 
in  the  leaf  are  stated  to  occur  in  the  following  by  the  anthois  cooeeroed,  and  are  alaoit  certainly 
doe  to  secretory  cavities,  although  an  anatomioU  investigation  has  not  been  made:  7VMmipk$m 
rtribe  Cusparieae) ;  PtiUpigoftrnm  (tribe  Rnteae) ;  Zigndimm  and  BeMtuOa  (tribe  Bowim) ; 
Btisi^a,   Tttrmciemia,  Bromfym,  B^mkardatia^  Platydumm^  Pffrtim  (in  which  F.  v.  Miller, 
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The  petiole  has  been  examined  in  only  one  or  two  genera  (Choisya^ 
Dictamnus,  Galipea^  Pilocarpus^  and  Ruta)  by  Petit  and  Phtt.  In  Dictamnus 
Fraxinella  and  Choisya  ternata^  according  to  Petit,  three  vascular  bundles  pass 
into  the  petiole.  In  Choisya  these  three  bundles  in  their  course  through  the 
petiole  form  three  rings  of  wood  and  bast,  and  finally  in  the  characteristic 
re<:ion  constitute  a  single  ring  of  wood  and  bast.  In  the  latter  region  in 
Dictamnus  a  ring  of  wood  and  bast  is  met  with,  and  at  its  centre  a 
concentric  vascular  bundle  with  central  bast  and  produced  by  the  fusion  of 
medullar\'  bundles.  The  petiole  of  Ruta  graveoiens^  according  to  Plitt,  exhibits 
an  almost  closed  arc  of  isolated  vascular  bundles,  that  of  Pilocarpus  pennati- 
folius.  Lem.  has  a  ring  of  wood  and  bast,  and  that  of  Galipec  ovata^  St.  Hil.  et 
Tul.  a  similar  ring  with  medullary  bundles. 

3.  Stri*cti-re  of  the  Axis.  The  account  of  the  structure  of  the  axis, 
which  I  eive  here,  is  based  not  only  on  the  existing  statements  in  the  literature 
but  also  on  my  own  more  recent  investigation  of  numerous  Rutaceae  *,  as  to 
which  Kadlkofer  has  already  published  the  most  important  results. 

The  following  facts  may  be  pointed  out  r^arding  the  anatomy  of  the 
wood  in  this  Order.  Very  broad  medullary  rays  do  not  occur.  The  lumina 
of  the  vessels  vary  in  size  (maximum  diameter  =■  -03—15  mm.).  The  perfora- 
tions of  the  vessels  are  exclusively  simple  in  almost  all  the  sj^ecies.  Scalari- 
form  I >erf orations  (with  few,  or  numerous  bars,  which  in  the  latter  case  are 
delicate)  are  only  met  with  in  a  few  sj>ecies,  side  by  side  with  the  simple  tv-pe ; 
these  sj)ecies  are  :  Leptothyrsa  Sprucei^  Hook,  fil.,  Boenninghausenia  albiflora^ 
Rtichb..  Calodrndron  capensf.  Thunb.,  Adenandra  mundiaefolia,  Eckl.  et 
Zryh..  Bjrosffid  crenuiata.  Hook.,  Agaihosma  chortophiia^  Eckl.  et  Zeyh., 
Acronvchia  lauri folia,  Bl..  Clausena  heptaphylla^  Wight  et  Am.,  Paramignya 
GritjUthii,  Hook.  til.  In  all  the  Rutaceae,  with  the  exception  of  Skimmia  and 
(htxj.  the  walls  of  the  vessels  l>ear  bordered  pits  where  they  are  in  contact 
with  wood-  or  ray-paronchxTna.  Only  in  Orixa  and  Skimmia  do  small  simple 
pits  ^i  the  size  of  the  l)ordors  of  the  fwrdered  pits,  occur  on  these  parts  of  the 
vt-ssel-wall.  Spiral  striation  or  thickening  of  the  vessel-wall  has  hei^n  obser\-ed 
in  the  following  specits  :  Thamfiosma  moii/'ina,  Torr.  et  Frem.,  Zieria  cyti- 
S'^iic'N,  Smith,  Efiostemon  myoporoides^  DC.,  Philotheca  australis^  Rudge, 
Astt-roldKtJ  correifolia^  Benth..  Evodia  rutaecarpa^  Hook.  fil.  et  Thoms.,  Choisya 
tcrnata,  H.  B.  K.,  Phellodendron  amurense,  Maxim.  The  wood-parench>*ma 
is  either  little  develo|x*d  or  present  in  some  abundance,  e.g.  in  Boronia 
Udifolia.  Gay,  Calodendron  capense.  Thunb..  or  Citrus  A  urantium,  L. ;  it  is 
septate  and  pro\ided  with  sohtar\*  cr\-stals  in  the  chambers  in  Ptdea^  Citrus 
Aurantium^  Murraya  exotica^  L.  The  wood-prosench\'ma,  which  forms  the 
Groundwork  of  the  xylem  (apart  from  the  tracheides  which  are  also  present, 

Kn^^m.  T,  It.  17]%.  probably  iocorrectly  describes  oiUoelU  as  the  cmnse  of  the  tnnsparent  dutsi  ,  OriJia 
\n\x  /aatnoxyleae'' :  PUip€9€cm  and  Boninux  -, tribe  ToddalieaeV  No  statements  are  to  be  found 
ak  to  the  occunencc  of  transparent  dots  or  of  secntory  canities  in  the  genera  Plturamdropsii, 
lutmiUyta,  PUty^Usma^  Half9rdui  and  Gonccitrus  cited  by  I)u rand,  nor  in  the  ^enrra  Araiippsit^ 
Fxjjl.,  .smrj^rmiia,  Wats,  Te/racrgnt.i,  Pierre,  TAsrtld^rm,' Vicm  and  Toddaiiafsis^  KoK^*  which 
have  r.ti\y  ^«vn  r4ab!iihed  recently.  A  detailetl  investigation  of  all  these  genera  with  regard  to 
the  jartuulars  referred  to  is  eatremely  desirable,  while  in  the  gen  as  EmpUuridium^  whi..h  in  iu 
rvtemal  mory ihological  characters  approaches  the  Celastrineae.  *  lolia  eponctata '  are  stated  to  occur ; 
th.t  likewise  re«iuires  a  farther  examination. 

'  A^H>Tc  ^venty  s|icci€t  were  examined  belonging  to  the  genera :  Sfirauthtra,  AimutJta,  I^ptc- 
ikfr^iM,  ErytkroikUtm,  C€Uifea,  Kapuiia^  Cusfaria^  Kavia,  Kavtmia^  M^tmuria ;  Kuta^  Botmning" 
kaustmta,  Pt^mum,  Diitamnus,  TetraJidis,  Tkamn^ma ;  Calodendron,  Emckaetti^  Mturojfylu, 
/fvtmta,  C^ltomma,  Arwudimim,  Admamdra,  Barosma,  Agaihosma,  RmpUumm  :  /.ieria,  Boronia^ 
Ensiifmom.  Pkehaiimm,  Mifrofybt,  Crowea,  PAtUtAota,  AsUro/asia,  Correa,  IHpiolagna  :  Mfiuope, 
Et^a,  CMtja,  Zmmik^jniom^  Geijora,  Piiocarpus,  Esenbtekia,  Metrodona^  Crura  :  Toddalia^ 
Pkoiiodindwom,  iioriia.  PMm*  Airomytkia^  Skimmia,  Casimir9a  ;  CljKosmis,  Amyhs,  Aficromelmm, 
Tripkmtmt  Limumim^  Jimwmjmt  Clamima,  Lmvmmga,  Paramignya,  Ata/amtia,  Citrus,  Eirwmia,  Aegio, 
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e.g.  in  Microcybe^  Crowea^  Choisya^  &€.)»  has  simple  pits  or,  at  any  rate,  such 
as  have  only  a  narrow,  usually  indistinct  border. 

With  regard  to  the  structure  of  the  cortex,  it  may  firstly  be 
pointed  out  that,  according  to  the  observations  of  Hdller,  Ekmliot,  J.  E. 
Weiss,  Ross  and  others,  the  periderm  always  arises  superfidaUy,  viz. 
immediately  below  the  epidermis  in  Citrus,  Toddalia,  Pielea,  Zanikoxylon ;  in 
the  epidermis  in  Pilocarpus  pentuUifolius,  Lem.,  and  Eriosiemon  cuspidatum^ 
Cunn.  The  structure  of  the  cork-cdls  varies.  In  Zanihoxykm  the  outer  tan- 
gential walls  are  sclerosed.  On  the  other  hand,  in  the  Rutaceous  bark, 
probably  erroneouslv  described  as  Esenbeckia  sp.  in  Hdller's '  Rindenanatomie,' 
the  sclerosis  extends  to  the  inner  tangential  walls.  The  cork-cells  of  Puiea 
trifoliata  have  delicate  walls.  Phelloderm  sometimes  adjoins  the  cork-cam- 
bium on  the  inner  side ;  it  is  thin-walled  in  Zanihoxykm,  sclerotic  in  PuUa, 
Lastly,  in  the  cortex  of  Esenbeckia  febrifuga,  Juss.  (the  Brazilian  Angostura- 
bark),  a  layer  of  from  three  to  four  rows  of  colourless  cells  forms  the  innermost 
part  of  the  cork ;  these  cells  are  stained  a  bright  blue  colour  by  oxidizing 
adds,  which  leack  one  to  infer  the  presence  of  evodin,  an  alkaloid^  which 
shows  this  chemical  reaction  (Oberlin  and  Schlagdenhauffen). 

The  nature  of  the  oericycle  is  quite  a  special  character  in  the  cortex  of 
most  members  of  the  Order.  In  most  cases  it  contains  isolated  groups  or 
bands  of  hard  bast,  in  the  neighbourhood  of  which,  in  certain  q)eaes,  single 
stone-cells  or  groups  of  stone-cdls  now  and  then  occur,  but  in  that  case  without 
the  formation  of  a  closed  sheath  of  sderenchyma.  On  the  other  hand,  the 
occurrence  of  a  composite  and  continuous  ring  of  sderenchyma,  consisting  of 
the  primary  groups  of  bast-fibres  and  intervening  groups  of  stone-cells,  is 
a  rare  phenomenon  in  the  pericyde  ;  I  observed  it  omy  in  tne  following  species : 
Pilocarpus  subcoriaceus,  Engl.,  P.  spicatus,  St.  Hil.,  Amyris  tnariHrna^  Jacq., 
Paramignya  Griffiihii,  Hook,  fil.,  and  P.  monopkylla.  Wights  The  entire 
absence  of  sderenchyma  in  the  pericyde  is  equally  rare  and  is  seen  in 
Boenninghausenia  albiflora,  Reichenb.,  Coleonema  pulchrum.  Hook.,  EuduuUs 
elala,  Eckl.  et  Zeyh.,  Skimmia  laureola,  Sieb.  et  Zucc.  (but  not  in  S.  japonica^ 
Thunb.,  in  which  isolated  groups  of  collenchvmatous  bast-fibres  are  present). 

I  subjoin  a  few  special  statements  regarciW  the  nature  of  the  primary  and 
secondary  cortex.  In  Almeidea  rubra,  St.  Hih,  the  primary  cortex  contains 
numerous  stone-cells  ;  in  Cusparid  ovaia,  Engl.,  and  Ravenia  infelix,  VeD.  it 
contains  abundant  sderosed  parenchyma  with  wide  lumina,  and  in  Meirodarea 

fiubescens,  St.  Hil.  et  Tul.,  numerous  sclerenchyma-cells,  wluch  have  fairiy  wide 
umina  and  are  slightly  branched.  Devdopment  of  hard  bast  in  the  secondary 
phloem  is  not  uncommon  (Euchaetis  elaia,  Eckl.  et  2^yh.,  Acmadenia  juniperina, 
Bartl.  et  Wendl.,  Barosma  crenulaia.  Hook.) ;  it  is  sometimes  arranged  in  the 
form  of  bands  in  the  transverse  section  of  the  branch  (Evodia  erythrococca, 
F.  v.  Miill.,  Choisya  iemata,  H.  B.  K.)  or  forms  complete  rings  (Glycosmis  penia- 
pkylla,  Correa,  Murraya  exotica,  L.).  In  Evodia  ruUucarpa,nook.  f.  et  Tboms., 
m  addition  to  bundles  of  bast-fibres,  groups  of  stone-cells  occur  in  the  secondary 
bast. 

The  secretory  organs  and  the  features  presented  by  the  crystals  in  the 
axis  deserve  fuller  treatment.  With  respect  to  the  former  it  may  first  be 
pointed  out  that  the  characteristic  secretory  cavities,  already  mentioned 
m  the  section  on  the  leaf-structure,  are  also  present  in  the  ground-tissue 
of  the  axis.  They  probably  always  occur  in  the  primary  cortex,  some- 
times in  the  pith  also  {Galipea  jasminiflora,  Engh,  Raputia  alba^  EngL,  Ravia 
resinosa,  Nees  et  Hart.,  in  the  last-named  species  in  the  form  of  short  canab). 


^  The  same  itnictiire  is  shown  by  the  gcons  J^^ymmm,  which,  however  («e  pw  t|t),  pcobablj 
belongs  to  the  ZygophyUeae. 
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On  the  other  hand  they  are  completely  absent  in  the  wood  and  bast,  and 
according  to  Van  Tieghem  they  are  likewise  entirely  wanting  in  the  roots.  In 
addition  to  secretory  cavities  other  elements  of  the  same  nature  occur  in  the 
axis,  namely  secretory  celb,  mucilage-spaces,  and  in  one  case,  Clausena  punctata 
(Retx.),  secretory  canals.  The  secretory  cells  were  first  observed  by  MoUer  in 
certain  species;  I  have  been  able  to  demonstrate  them  in  a  very  large 
number  of  species,  which  may  be  enumerated  in  a  note  *.  In  a  transverse 
section  of  the  branch  they  strike  the  eye  on  account  of  their  rather  large 
lumina  and  their  oily  or  resinous  contents ;  they  are  found  in  the  bast  (viz. 
in  the  parenchyma  and  especially  in  the  medullary  rays  of  the  bast)  in  the 
primary  cortex  and  sometimes  also  in  the  pith.  In  the  bast-parench3mia  they 
are  frequently  elongated  in  the  vertical  direction  to  a  considerable  extent, 
and  now  and  then  several  of  them  are  ranged  one  above  another  in  the  same 
direction.  The  mucilage-si)aces  (formed  by  cells  with  gelatinized  membranes) 
occur  in  the  primary  cortex  in  certain  species  of  Zanthoxylon^  Evodia^  and 
Phellodcndron  (Zanthoxylon  Budrunga^  Wall.,  Z.  obscurum,  Engl.,  Z.  (?)  sp. 
Balansa,  PI.  Parag.,  No.  3255  ;  Evodia  rutaecarpa.  Hook.  fil.  et  Thoms.  ;  PheltO' 
iendron  amurense^  Rupr.').  Moreover,  in  Evodia  rutaecarpa^  mucilage-cavities 
are  found  in  the  wood  of  branches,  when  sufficiently  thick  (radius  of  the  wood  — 
about  2.5  mm.) ;  they  arise  by  disorganization  of  wood-cells  and  are  arranged 
in  concentric  circles.  With  regard  to  the  occurrence  of  secretory  canals  in 
Clausena  punctata  (Retz.)  it  may  be  mentioned  that  in  this  species  a  single 
wide,  apparently  hysterolysigenous  resin-canal  is  found  in  the  centre  of  the  pith. 
With  respect  to  the  mode  of  e.xcretion  of  oxalate  of  lime  in  the  axis  we 
may  remark  that  this  substance  appears  in  the  form  of  clustered  crystals, 
ordinary  solitary  crystals,  raphides,  styloids,  and  crystal-sand.  For  example, 
Ptdea  trifoliata^  L.,  has  clustered  crystals  in  the  primary  cortex  as  well  as  in 
the  bast  (Moller).  Zanthoxylon  fraxineum,  Willd.  exhibits  clustered  crystals 
in  the  primary  cortical  parenchyma,  and  indistinct  rhombohedra  in  the  bast 
(Mdller).  According  to  the  same  author,  the  primary  and  secondary  cortex  in 
Citrus  Limonum  contains  ordinary  solitary  crystals.  To  these  statements  I 
may  first  add  that  the  clustered  crystals  of  the  bast  of  Almeidea  rubra^ 
St.'Hil.  are  embedded  in  crystal-sand,  and  that  in  the  primary  cortex  of 
Evodia  rutaecarpa.  Hook.  fil.  et  Thoms.,  cells  sometimes  occur  which,  besides 
containing  clustered  crystalline  bodies  or  solitary  crystals,  also  include 
very  numerous  smaller  crystals — a  kind  of  coarse  crystal-sand.  I  have 
met  with  raphides  together  with  styloids  in  Galipea  Jasminiflora^  Engl., 
Raputia  alba^  Engl.,  Ravia  resinosa,  Nees  et  Mart.,  and  Erythrockiton  brasili* 
ensis^  Sees  et  Mart.,  with  styloids  only  in  Ravenia  infelix.  Veil.,  and  Monnieria 
trifolia^  L.  The  two  kinds  of  crystals  last  mentioned,  raphides  and  styloids, 
occur  in  the  pith,  bast,  and  primary  cortex  of  the  S|)ecies  concerned  ;  when 
raphides  and  styloids  are  found  side  by  side  in  the  same  plant,  the  latter  appear 
especially  in  the  bast.  Finally,  tyj)ical  sacs  with  crystal-sand  are  present  in 
Cusparia  ovata^  Engl.,  and  Orixa  japonica,  Thunb.  In  the  first  of  these  species 
many  cells  of  the  bast  are  filled  with  crystal-sand  to  such  an  extent  that  they  are 


*  A'avis  retimcta,  Neet  et  Mart.;  A'w/n  chaU^nsis,  L.,  BcenMini^hausenia  albi flora,  KeichcDh., 
TtiraJuUt  udsa,  Ster.,  Tkamnosma  montamum.  Torr.  ct  hr^m.  ;  Coltonema  puichrMm,  Hook.. 
Atm^enim  tumiptrima^  Bartl.  ct  WetxlL,  Adtnandra  mundtiiufolia^  txkl.  rt  /c\h.,  Bar^wta 
trtuuiata,  Iiook.,  Agaikotma  ihortophila,  Kckl.  ct  /cyh.,  EmpUurum  strruLuum,  An. ;  Zieria 
<yiitm*Ui,  Smith..  Boronia  lidi/olia,  (iay,  Asterolasia  cor ni folia,  Ik-nth.,  Correa  alba,  .\n<!r. :  Afe/t- 
tf4  timpUx,  Cnnn..  Evodia  trytkrococca,  F.  ▼.  Mull.,  Choiiya  trmata,  H.  H.  K.,  G€ijcra  taliti/^iia, 
Scb«jct.  iHiotarpms  tubcoriaceus^  Fji^l.,  Orixa  japoniia,  Thunb.;  Toddalia  oiuUaia,  Per*..  Ptflta 
tnn^Ujta,  I-.,  Acronyikia  laurifolia,  \\\  ,  Skimmia  japonica.  Thunh.,  Amyris  maritima,  Jacq. 
Tine  tccrctory  celU  are  present  al*»j  in  Zanthoxylon  /terota,  \\.  W.  K.,  uhcrc  Trccul  had  already 
tcca  them,  bat  interpreted  them  at  secretory  cavities. 

■  In  Pkiikdmdwm  ammrense  the  mucilaj.'e-ipaccs  were  first  obienred  and  dcKribed  by  Hohncl. 
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visible  even  to  the  naked  eye  as  white  masses  in  a  transverse  section  of  the 
branch  ;  bodies  resembling  clustered  crystals  are  sometimes  embedded  in 
the  crystal-sand.  In  Cusparia  ovata,  besides  the  crystal-sand«  clustered  crystals 
and  rhombohedra  are  found  in  the  cortex,  and  clustered  crystals  in  the  pith. 
In  Orixa  japonica^  on  the  other  hand,  crystal-sand  is  the  only  form  in  which 
oxalate  of  lune  is  excreted,  both  in  the  pith  and  in  the  primary  and  secondary 
cortex. 

LitCTmture :  Ranter,  Trichomgeb.,  Drakschr.  Wiener  Akftd.  1 871,  pp.  9  and  19  et  leq.  and  Taf. 
ii,  tit,  V  and  ri. — Maitinet,  Ann.  ic  nat.,  Ur,  5,  t.  xIt,  187a,  p.  169  et  leq.  and  pi.  16. — Pfitxcr, 
Flora  187a,  p.  97  et  seq.  and  Taf.  iii. — Fliickiger,  Bnknbl.,  Schweixer.  Wodienschr.  t  Phann.,  Dex. 
1873,  app.  and  a  Ta£— Engler,  Stud,  flbcr  die  Verw.-Verii.  d.  R.  etc.,  Halle  a.  S.,  1874.— Radlkofcr, 
Serjanta^  iS75f  P*  '^4- — Chatin,  Ann.  sc  nat.,  i^r.  6,  t.  ii,  1875,  pp.  aoo-i8. — Moiler,  Holzanat. 
Dcnkschr.  Wiener  Akad.  1876,  pp.  83,  84  and  100,  101,  alto  37^  and  396. — De  Bary,  Ver^.  Anat, 
1877. — Oberlin  et  Schlagdenhannen,  £t.  hirt.  et  chim.  de  attf;  ^coroet  de  la  fiun.  det  fiioamte, 
Nancy,  1878,  separate  copy  from  Jonm.  de  Pharm.  et  de  Cbem.,  adr.  4,  t  zzriii,  p.  aa5. — Hohoel, 
Sekretionsorg.,  Siu.-Ber.  Wiener  Akad.,  Bd.  IxxxiT,  Abt  i,  i88t,  pp.  576  and  589  et  aeq. — Schaar- 
Schmidt,  Spharokr.,  Magyar  novenjrt.  Lapok  i88t,  p.  134,  Hongarian,  see  Bot  Centralbl.  188a,  i, 
p.  46.— Szytzylowicz,  Sckretbeh.,  Pamictnik  Akad.  Umiejetnotd  W.  Krakowie,  Polish,  t.  ri,  i88t. 


p.  14  et  seq.  and  Tabl.  ii-vi.—MoUer,  Rindenanat.,  i88a,  pp.  a57,  3a  1.  3a5  and  3a8.~Blenk.  Flora 
1884,  p.  a7  et  seq.,  separate  copy,  pp.  4a-50.— Solereder,  Holzttr.,  1885,  pp.  91,9a. — Van  Tieghcm, 
Ann.  sc.  nat..  ser.  7,  t.  i,  1885.  pp.  58,  59. — O.  Bachmann,  Flora  1886,  separate  copy,  pp.  34,  35 
and  Taf.  z.^PUtt,  Blattst ,  Diss.,  Marbnrg,  1886,  pp.  39,  40.~Radlkofer,  Sitz..Ber.  Miinch.  Akad. 
1886,  pp.  305,  306. — Leblois,  Ann.  sc.  nat.,  s^.  7,  t  vi,  1887,  p.  a65  et  seq. — Volkcns,  Aegypt.- 
arab.  Wiiate,  1887,  pp.  114,  115  and  Taf.  ziv.—^himoyama,  Boknbl.,  Arch.  d.  Pharm.  1888,  7  pp. 
(incorrect  interpretation  of  the  gelatinized  epidermal  cells!). — Dooliot,  Ann.  sc  nat.,  i^r.  7,  t.  x,  18!*^ 
pp.  347,  348.— Petit,  Petiole,  Act.  Soc.  Linn,  de  Bordeaux,  t.  xliii,  1889,  pp.  a7,  a8  and  pL  i. — J.  £. 
Weiss,  Korkb.,  Denkschr.  Regensb.  bot.  Gesellsch.  1890,  separate  copy,  pp.  65,  66.— Ross,  Peri- 
derma,  Malpighia  ir,  1890-1,  p.  89. — Becheraz,  Sekretbild.,  Diss.,  Bern,  io93t  P*  'S* — Hertist,  Hot. 
Centralbl.  1894,  i,  p.  jtaS.—Sieck,  Scbizolysig.  .Sekretbeh.,  Disa.,  Bern,  1805,  4^  PP*  ^nd  4  Tab. 
(separate  copy  from  Pringsheim  Jaihrb.,  Bd.  xxvii,  p.  ao8  et  seq.). — Engler,  Katiirl.  Pnanxenfiim.,  iu. 


Tell,  Abt.  4,  1896,  pp.  98-100.— Wittlin,  Oxalattaschen,  Bot  CentnUbl.  1806,  iii,  p.  97  et  aeq-— 
Reidie,  Chilen,  Holrgew.,  Pringsheim  Jahrb.,  Bd.  xxx,  1897,  p.  95.— Kohla,  Phelloderm,  BoL 
Centralbl.  1897,  *"»  P-  1 95 •— [Schneider,  The  offic.  Jaborandu,  Jonm.  of  pharmacol.,  voL  x,  1897, 


n.  6. — Haberfandt.  Entleemngsapp.  d.  inneren  Driisen  einiger  R.,  abstr.  in  Bot.  CcntralbL  1899.  i, 
p.  a63  and  Oest.  bot  Zeitschr.  1899,  p.  1 17  (appears  in  Sitx.-Ber.  Wiener  Akad.)*] 

SIMARUBACEAE. 

I.  Review  of  the  Anatomical  Features.  This  Order  is  characterixed 
anatomically  by  the  following  features :  the  absence  of  a  special  type  of 
stomatal  apparatus  and  of  secretory  cavities  (in  relation  to  the  second 
character  one  must  except  the  genera  Cneoridium^  Dictyolama^  and  SpaiheUa^ 
which  possess  secretory  cavities  and  have  recently  been  referred  to  the 
Rutaceae  by  Engler) ;  the  superficial  development  of  the  cork  and  the 
presence  of  isolated  bundles  of  bast-fibres  in  the  pericyde  (exceptions : 
AUanihus,  Alvaradoa,  Balanites^  Brunellia^  Caiellia^  Irvingia^  KoeoerUnu^ 
Picramnia^  and  Quassia^  which  possess  a  composite  and  continuous  ring  of 
sclerench3mia  in  this  region) ;  also  the  simple  perforations  of  the  vessels, 
the  bordered  pitting  of  the  vessel-wall  where  it  is  m  contact  with  parenchjfma 
(exceptions  in  the  latter  respect :  BruneUia  and  Irvingia)^  and  the  pits  ot 
the  wood-prosench3mia,  which  either  have  no  border  or  are  only  charac- 
terized by  the  presence  of  narrow  borders.  In  a  by  no  means  small  number  of 
fenera  {Ailanthus^  Amaroria^  Aruba^  Brucea^  Picraena^  Picrasma^  Picrocm^iiM^ 
HcroUmma,  Simaba  pro  parte,  Simaruba,  and  Soulamea)  resin-omals  occur  at 
the  periphery  of  the  pith  but  not  in  the  cortex.  In  addition  to  this  it  may  be 
mentioned  that  the  genus  Koebtrlinia^  which  has  recently  been  raised  to  the 
rank  of  an  Order  (the  Koeberliniaceae),  possesses  resin-canals  in  the  bmst  but 
none  in  the  pith. 

The  hairy  covering  is  formed  by  simple  tmiceUular  trichomes— very  rarely 
{Cneorum)  by  unicellular  two-armed  hairs— and  by  multicellular  glandular 
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hairs  of  varied  structure ;  but  external  glands  do  not  occur  in  all  the 
members  of  the  Order.  Oxalate  of  lime  is  usually  excreted  in  the  form  of 
ordinary  solitary  and  clustered  crystals ;  in  Alvaradoa  styloids  occur  in 
the  bast.  Apart  from  the  secretory  canals  and  cavities  already  mentioned, 
the  following  secretory  organs  have  been  observed  in  the  Order :  mucilaginous 
epidermal  cells;  resin-cells  (species  of  Ailanthus^  Cneoridium,  Cneorum^  Hat" 
fisomuL,  PicreUa^  Simaruba^  SpatkeUa) ;  cells  with  gelatinized  membranes 
in  the  cortical  tissue  {Picrodendron  Juglans^  Griseb.),  and  mucilage-spaces  in 
pith  and  cortex  {Irvingia).  The  secretory  cells  and  cavities  occasionally 
give  rise  to  transparent  dots  in  the  leaf.  Specially  noteworthy  specific 
characters  in  the  structure  of  the  leaf  are  :   the  papiUose  nature  of  the  lower 

Siidermis  and  the  occurrence  of  sclerenchyma-fibres  and  of  spicular  cells  in 
e  mesophyll. 

2.  Structure  of  the  Leaf.    On  this  subject,  only  a  few  details  are  known 
from  the  literature,  and  from  my  own  casual  observations.     In  Simaruba 

JUucm^  DC.,  and  Simaba  cuneata^  St.  Hil.  et  Tul.,  the  leaf-structure  is  bifacial. 
^apiUose  differentiation  of  the  lower  epidermis  has  been  observed  in  Simaruba 
gUuca^  Diciyohma  incanescens,  DC.,  and  D.  peruvianum.  Planch.,  BruneUia 


PlO.  4a.  Hairy  cmrt'vug  of  the  SiiiiAnilwce«e.  A,  Picrmmmia  eoedmm^  Matit.  •,  RigiMtmekyt  brmeUmim^ 
Plaack.    c,  AinoMM  kmgifoU^  jack.—Ongiiua. 

camocladifolia,  Humb.  et  Bonpl.,  Alvaradoa  amorphoides^  Liebm.,  A,  jatnai- 
umsis^  Benth.  and  i4.  arboresuns^  Griseb. ;  in  Alvaradoa  amorphoides^  the  central 
part  of  each  of  the  epidermal  cells  on  the  upper  surface  also  is  produced  into 
a  small  mammiform  papilla.  Gelatinization  of  the  epidermis  of  the  leaf  has 
been  demonstrated  m  Alvaradoa,  Picrocardia  resinosa,  Radlk.,  Simaruba 
§iaucM,  and  Suriana  mariiima,  L.  ;  hypoderm  is  found  in  BruneUia  according 
to  Erigler.  The  stomata  have  no  special  subsidiary  cells,  but  are  sur- 
rounded by  ordiiiary  epidermal  cells  ;  in  Cneoridium  dumosum.  Hook,  f.,  and 
BaUniUs  aegypHaca,  Del.,  stomata  are  present  on  both  sides  of  the  leaf. 
Spicular  cells  are  stated  by  Blenk  to  occur  in  the  mesophyll  in  species  of 
Simaruba^  Simaba^  and  Quassia  \  by  Engler  in  species  of  Eurycoma^  Hannoa^ 
and  Mammia.  They  are  either  sclerenchyma-fibres,  which  run  irregularly  in 
the  mesophyll  (e.  g.  in  Quassia  africana,  Baill.,  according  to  my  own  mvestiga- 
tion  and  in  Ewycoma  longifolium^  Jack,  according  to  Engler),  or  scleren- 
chyma-cells,  which  traverse  the  mesophyll  perpendicularly  (e.g.  in  Simaba 
cuueata^  according  to  my  own  observation)  or  finally  branched  sclerench3mia- 
cells  (e.g.  in  Simaruba  glauca^  according  to  my  own  observation,  and  in 
Hannoa  Sckweinfurihii^  Oliv.,  according  to  Engler). 

*  lilcnk  mentioM  Uie  foUowinir  tpeciet  :  Quassia  amarm,  \.,,  SimaSa  cmmaia,  St.  Hit..  S,  cuspi- 
daim^^^nwot,  S.  ftrruMimiO,  St.  Hil.,  S.  glabra,  Engl,  S,  gmiamnsis,  Aubl.,  S.  Mofmma,  Casar., 
S.  mignttmu,  Eiigl.,  5,  smfhttuam,  Engl,  S.  /ruAiiwidis,  SU  Hil. ;  Simmrubm  asm^rm,  AnbL,  S. 
ihmm^  DC,  5.  mrtM§r,  St.  Hil. 
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Oxalate  of  lime  is  present  in  the  leaf  of  Simaruba  glauca  in  the  form  of 
clustered  and  solitary  crystals ;  in  Rigiosiachys  bracUata^  Planch.,  the  cells 
of  the  lower  epidermis  contain  one  or  more  small  crystals.  The  secretions 
occurring  in  the  leaf  will  be  mentioned  in  the  section  on  the  secretory 
organs  of  the  axis.  The  hairy  covering  (Fig.  42)  consists  of  clothing  and 
glandular  hairs.  The  former  are  generally  simple  unicellular  sclerenchymatous 
trichomes  (Balanites^  Brunellia,  LHctyohma,  Rigiostachys) ;  in  Cneorum  puiveru- 
letUum^  Vent.,  unicellular  two-armed  hairs  with  horizontal  arms  of  equal  length 
occur  according  to  Engler.  The  ordinary  glandular  hairs  (in  species  of 
AUatUhus,  Dictyohma,  Picramnia,  and  Rigiosiachys)  possess  a  unisenate  stalk 
of  variable  length  and  a  spherical  or  eUipsoidal  head*  which  is  divided  by  hori- 
zontal walls  oiUy,  or  by  both  horizontal  and  vertical  walls,  and  consists  of  few 
or  many  cells  ;  sometimes  the  external  glands  may  be  club-shaped,  when  the 
stalk  merges  gradually  into  the  head.  Glandular  shaggy  hairs  with  a  multi- 
seriate  stalk  and  a  knob-shaped  head,  which  is  covered  superficially  with 
polygonal  cells,  are  found  on  the  axis  of  the  inflorescence  of  Eurycoma 
hngi folium.  Jack. 

In  connexion  with  the  glandular  hairs  reference  may  be  made  to  the  curious 
large  glands,  visible  even  to  the  naked  eye,  which  occur  on  the  aaricuUform  leaf- 
tecrth  of  the  pinnules  oi  Aiianihus  glandiiosa,  Desf.,  and  A.  excelsa,  Roxb. ;  so  far 
as  I  know,  they  have  not  as  yet  been  examined  in  detaiL  They  appear  to  the 
naked  eye  as  discoid  warts,  which  are  slightly  depressed  in  the  centre,  and  are 
seen  to  ue  on  the  lower  side  of  the  leaf  near  the  termination  of  the  vein  running 
out  into  the  leaf -tooth.  In  A  ilanthus  flandulosa  the  chief  part  of  the  gland,  according 
to  my  investigations,  consists  of  a  distinctly  drcomsciibed  spherical  mass  of  thin- 
walled  cells,  which  in  the  dry  state  are  mled  with  brown  contents  with  scanty 
secretion,  some  of  them  being  elongated  towards  the  centre  of  the  external  surface 
of  the  gland ;  in  the  central  portion  of  the  gland  intercellular  spaces  elongated  in 
the  same  direction  occur  between  the  cells.  Below  this  mass  of  cells  is  a  group  of 
terminal  tracheides,  which  represents  a  branch  of  the  vascular  bundle  running  out 
into  the  leaf-tooth.  The  epidermis  of  the  gland  contains  no  stomata ;  in  surface 
view  it  consists  of  polygonal  cells,  which  are  the  more  elongated  radially  the 
nearer  they  lie  to  the  centre  of  the  external  surface  of  the  gland.  In  the  middle 
of  the  outer  surface  the  epidermal  cells  are  slightly  elongated  like  a  palisade  in 
transverse  section,  and  have  a  relatively  thin  external  walL  Another  very  remark- 
able anatomical  feature  is  of  importance  in  connexion  with  the  function  of  the 
^land  ;  the  vascular  bundle,  which  passes  out  into  the  leaf-tooth,  is,  in  the  tooth 
Itself  and  its  neighbourhood,  accompanied  by  a  remarkable  number  of  large 
secretory  cells,  which  especially  occupy  the  entire  tip  of  the  tooth.  In  other  parts 
of  the  mesophyll  of  Ailanihus  glandmosa  secretory  cells  are  wanting ;  they  occur, 
however,  in  the  pith  and  in  the  secondary  cortex  of  the  axis,  as  wul  be  described 
later  on. 

Concerning  the  structure  of  the  rachis  of  the  leaf  and  of  the  petiole 
I  abstract  the  following  statements  from  Casimir  de  Candolle  and  Petit. 
In  the  species  with  simple  leaves,  amongst  which  Amaroria  soulameoid€S 
and  Samadera  indica  have  been  investigated,  the  petiole  as  weU  as  the 
median  vein  exhibits  an  annular  closed  system  of  vascular  bundles,  within 
which  medullary  bundles  occur ;  in  Samadera  indica  these  latter  are  united  to 
form  an  inversely  orientated  ring  of  wood  and  bast.  In  the  same  way  in  the 
species  with  pinnate  leaves  *  which  have  been  investigated*  the  transverse 
section  of  the  rachis  of  the  leaf  and  of  the  petiole  shows  an  annular  closed 
system  of  vascular  bundles  ;  besides  these,  in  some  of  the  species  medullary 
bundles  occur,  and  their  varied  orientation  can  be  employed  m  characterizing 
species.     Medullary  bundles  have  been  observed  only  in  species  of  Quassia, 


*  Spedet  of  the  genera  Quassia,  Sima^  Simmntha,  AiUmihm^  CmsUla,  Pkrmtwm^  Bnuea, 
Picraema,  PiaroUwuma^  Dktyl^wsa^  BrutuUia^  Picramnia  haYe  been  inveitigtlRL 
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Simaba^  Simaruba^  Ailanthus,  Picrasma^  and  Picrolemma,  In  the  species  with 
pinnate  leaves  a  ring  of  vascular  bundles  is  nearly  always  present  in  the 
median  vein  of  the  pinnule ;  Picramnia  alone  forms  an  exception  among  the 
genera  investigated  with  regard  to  this  point,  since  in  this  case  the  system  of 
bundles  has  the  form  of  an  arc. 

3.  Structure  of  the  Axis.  Concerning  the  structure  of  the  axis  the 
account  given  here  is  based  on  the  statements  made  in  my  *  Holzstruktur ' 
and  in  MoUer's  '  Rindenanatomie/  as  well  as  on  more  recent  investigations  of 
my  own  extending  to  species  belonging  to  twenty-five  genera  *. 

The  transverse  section  of  the  wood  exhibits  medullary  rays  of  varied 
breadth  (uniseriate  or  biseriate  in  Quassia  amara^  L.,  as  much  as  8-seriate 
in  Ailanlhus  glandulosa,  rather  broad  also  in  Picraena  excelsa,  Lindl.)  and 
vessels  with  lumina  of  various  sizes  (maximum  diameter  »  •042—11  mm.)* 
The  vessels  possess  simple  perforations  almost  throughout,  and  are  usually 
provided  with  bordered  pits  on  those  portions  of  their  walls  which  abut  on 
wood-  or  ray-parench3mia.  An  exception  with  regard  to  the  perforations  is 
afforded  by  Dtunellia  comocladifolia,  St.  Hil.,  in  which,  side  by  side  with  elliptical 
elongated  perforatioas,  others  which  are  scalariform  with  few  bars  are  of  rare 
occurrence  ;  an  exception  with  respect  to  the  pitting  of  the  vessel- wall  where 
it  is  in  contact  with  parenchyma,  is  presented  by  the  species  of  Brunellia  just 
mentioned,  which  has  large  simple  pits  at  these  jxjints,  and  by  Irvingia  Barieri, 
Hook,  fil.,  which  possesses  transitions  between  bordered  and  large  simple 
pits.  The  wood-prosenchyma,  apart  from  the  tracheides  occasionally  (Cneorum 
iricoccum^  L.)  associated  with  it,  has  simple  pits  or  such  as  possess  only  a  narrow 
border,  which  is  most  readily  seen  in  Koeherlinia  spinosa^  Zucc.  Delicate 
division-walls  have  been  observed  in  the  prosenchyma  of  Brunellia  cottuh 
cladifoiia^  and  Neopringlea  integrifolia,  Wats.  The  wood-prosench5mia  may 
be  slightly  developed,  well  marked  {Quassia  amara,  L.)  or  in  very  consider- 
able abundance,  almost  forming  the  groundwork  of  the  wood  {Irvingia 
BarUri),  The  wood-i)arenchyma  is  occasionally  septate  and  then  contains 
solitary  crystals  in  the  separate  cavities  (Simaruba  amara^  Aubl.,  Irvingia 
Barteri), 

According  to  Hdhnel,  a  xylem-mass  with  tier-Uke  structure  occurs  in  the 
Jamaica  Quassia  (Picraena  excelsa,  Lindl.),  but  not  in  the  Surinam  Quassia 
(Quassia  amara^  L.),  and  is  due  to  well -marked  seriation  of  the  medullary 
rays  and  to  regular  stratiform  arrangement  of  the  pits  on  the  hbriform 
elements. 

With  respect  to  the  cortex  we  may  mention  that  in  the  majority  of  the 
eenera  the  external  boundary  of  the  bast  is  formed  by  isolated  groups  of  bast- 
fibres  of  varied  size.  Amongst  the  s|>ecies  investigated  by  me  only  a  small 
number  are  exceptional  in  this  respect,  a  composite  and  continuous  ring  of 
sclerenchyma  being  present  in  this  region  :  these  exceptions  are — Ailanlkus 
glandulosa^  Ait.,  Aivaradoa  arborescens,  Griseb.,  A.  amorphoides^  Liebm.,  Bala- 
nites aegyptiaca^  Del.,  Brunellia  comocladi folia,  St.  Hil.,  Cadellia  peniastylis^ 
F.  V.  Miill.,  Irvingia  Barteri.  Hook.  fil..  Kocberlinia  spinosa,  Zucc,  Pi* 
cramnia  Antidesma.  Sw.,  Quassia  amara,  L.  The  rings  of  sclerench>Tna  of 
Balanites  aegyptiaca  and  Innngia  Barteri  dcsor\'e  s})ecial  mention  ;  in  the 
transverse  section  of  the  branch  of  the  first-named  species  the  isolated 
fn^u|)S  of  primary  bast-fibres  become  united  by  a  ring  of  stone-cells  situated 
immediately  external  to  them,  not,  as  elsewhere,  by  stone-cells  placed  l)etween 

'  Thc«e  are  :  Qtuusia,  Simat^a,  Simaruba,  AUanthus.  Samadtra,  Cnecrum,  Punisma,  firtuta, 
Fi^r^fnm,  Pia^mmui,  Kmrycoma,  IHctyoloma^  Cnetruiium,  CatUUia,  Suriana,  UruntlUa,  Irvinf^ia, 
Hmrrumim,  R^immiiu,  Spatktlia,  Picramnia,  Piirodendnm,  Koeherlinia,  Alvaratha,  Ne^^ngiea, 
Tbe  specie*  iiiTettigBted  will  be  named  in  the  de«cni>tion  of  the  retin-canalt  (tee  beluw). 
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them;  in  Irvingia  Barieri  stone-cells  thickened  on  one  side  (U-shaped)  take 
part  in  the  formation  of  the  ring. 

Cork-formation  is,  so  far  as  is  known«  superficial.  Thus,  in  Simaruba 
excdsa,  DC.,  Ailanthus  glandulosa^  Ait.,  CadeUta  pcniastylis^  F.  v.  Htill.,  and 
Alvaradoa,  the  cork  arises  in  the  outermost  cell-layer  of  the  primary  cortex ; 
the  same  is  the  case  in  Brucea  ferruginea  (according  to  DouUot),  but  not  in 
Bfucea  sumairana^  Roxb.,  in  which  the  epidermis  becomes  the  i^ellogen. 
The  periderm  is  thin-walled  in  the  species  of  Ailanthus  and  Simaruba  mentioned, 
thick-walled  in  CadMia  penlasiylis  ;  in  Irvingia  Barieri  cork-cells  sclerosed  on 
one  side  only  occur. 

Concerning  the  structure  of  the  primary  and  secondary  cortex,  the 
following  special  statements  may  be  added.  In  Balanites  ae^ypiiaca^  Del., 
and  Koeberlinia  spinosa^  Zucc,  palisade-tissue  is  present  beneath  the  epi- 
dermis. Groups  of  stone-cells  occur,  for  example,  in  the  primary  cortical 
parenchyma  ot  Quassia  amara,  L.,  and  Simaruba  versicolor^  St.  Hil. ;  stone-cells 
thickened  on  one  side  only  (U-shaped),  with  the  lumen  occupied  by  a  crystal, 
are  found  in  the  primary  cortex  of  Irvingia  Barieri  close  to  the  cork-cambium. 
In  the  middle  of  the  primary  cortex  of  Simaba  guianensis^  Aubl.  var.,  Sckom- 
burgkiana,  Engl.,  a  continuous  ring  of  stone-ceUs  is  developed.  The  ring  of 
stone-cells  in  the  primary  cortex  of  Picrolemma  Si>rucei^  Hook,  f .,  is  apparently 
of  the  nature  of  a  phelloderm.  Stone-ceUs  also  occur  scattered  octween 
the  isolated  groups  of  primary  bast-fibres,  e.g.  in  Simaba  guianensis^  Aubl. 
In  the  secondfary  bast  of  many  species  hard  bast-fibres  occur,  which  occasion- 
ally differ  from  the  primary  bast-fibres  in  possessing  a  thinner  wall  and  a  wider 
lumen.  I  have,  for  example,  met  with  secondary  bast-fibres  of  this  kind  in 
Simaba  guianensis^  Aubl.,  Simaruba  versicolor^  St.  Hil.,  and  Picraena  excelsa, 
Lindl. ;  in  Harrisonia  Bennetii,  A.  W.  Benn.  var.,  and  Neopringlea  integrifolia^ 
Wats.,  these  elements  are  united  by  means  of  stone-ceUs  to  form  a  ring  of 
sderenchyma,  situated  in  the  bast.  In  Ailanthus  glandulosa.  Ait.,  groups  of 
stone-cells  occur  in  the  secondary  bast  in  addition  to  the  bundles  of  thick-waUed 
bast-fibres  (MdUer). 

As  regards  oxalate  of  lime,  MoUer  describes  the  occurrence  of  clustered 
and  solitary  crystals  in  the  cortex  of  Picraena  excelsa  and  Ailanthus  glandulosa. 
HdUer's  statement,  that  crystal-sand  occurs  in  Quassia  amara^  L.,  is  incorrect 
and  must  be  attributed  to  clustered  crystals,  which  are  present,  having  been 
broken  into  fragments  in  the  preparation  of  the  sections.  Special  crystalline 
structures  are  characteristic  of  the  genus  Alvaradoa  only,  in  which  styloids 
occur  in  the  bast,  while  clustered  and  ordinary  soUtary  crystals  are  alone 
present  in  the  pith  and  in  the  primary  cortex  of  the  branches  as  weU  as  in  the 
tissue  of  the  leaf. 

Of  secretory  elements,  resin-canals,  secretory  cells  with  resinous  contents, 
mudlage-spaces,  and  secretory  cavities  with  resinous  contents  are  found  in  the 
branches. 

Resin-canals  are  not  present  in  aU  the  members  of  the  Order,  and  are 
not  even  constant  for  a  given  fi;enus.  With  the  exception  of  the  anomalous 
genus  Koeberlinia  (comprising  the  single  species  K.  spinosa^  Zucc.),  which  is 
characterized  by  resin-canals  situated  in  the  bast,  these  canals  occur  sdely 
at  the  margin  of  the  pith,  and  there  is  such  close  connexion  with  the  proto- 
xylem,  that  they  were  formerly  regarded  by  Van  Tieghem  as  a  component 
part  of  the  latter.  It  is  further  worthy  of  note  that,  according  to  Van 
Tieghem,  the  resin-canals  are  either  only  situated  opposite  the  interfascicular 
vascular  bundles  (Ailanthus  and  Brucea)^  or  <mly  opposite  the  leaf-trace- 
bundles,  which  alone  possess  primary  spiral  tracheae  {Picraena  and  the  re- 
mainder of  the  Simaruoaceae).  The  number  of  the  resin-canals  varies ;  their 
lumen  is  of  varied  size,  smaU  (e.g.  in  Simaruba  versicolor  or  in  Ailantin^ 
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glmniuiosa\  or  large  (e.g.  in  Picraena  excelsa).  The  development  of  the  resin- 
canals  is  usually  descril^d  as  schizogenous,  but,  according  to  the  more  recent 
investigations  of  Sieck  on  species  of  Ailanihus  and  Bruua  it  is  schizoly- 
sigenous.  Leblois  met  with  tyloses  in  the  resin-canals  of  AilatUhus  gluiinosa 
and  Bfucea  ferruginea. 

According  to  Van  Tieghem  and  my  own  investigations  *  the  secretory  canals 
are  found  in  the  following  species :  ^Aiianihus  glanduiosa^  Ait. ;  Amaroria  souio' 
muaidss  :  *  Aruba  Cedron*  {^Simaba  Cedronf) ;  Brucea  ferruginea,  ^B,  aniidys* 
tnUrica^  Lam.,  *B.  sumairana,  Roxb.  ;  ^Picraena  excelsa,  Lindl.  ;  ^Picrasma 
mtimnthoides.  Planch. ;  Picrocardia  resinosa,  Radlk.  (according  to  Radlkofer) ; 
^PicraUmma  Sprucei,  Hook.  f.  ;  ^Simal>a  Cedron^  Planch.,  ♦S.  cuneata,  St.  HiL  et 
TnL,  •S.  ferruginea,  St.  HiL,  ♦S.  glabra^  Engl.,  ♦S.  Maiana,  Casar.,  S.  trichilioides  ; 
Simmntba  elauca,  S.  officinalis^  *5.  versicolor,  St.  Hil.  ;  Soidamea  amara.  On  the 
other  hand,  the  rcsin-canals  are  absent  in :  Alvaradoa  (according  to  Radlkofer) ; 
^Balanites  aeeyptiaca,  Del. ;  ^Bruneliia  comocladifoiia,  Hurab.  et  Bonpl.,  B,  racemi- 
flora  :  ^Cadmia  peniastylis,  F.  v.  Mull.  ;  Castela  coccinea  ;  ^Cneoridtum  dumosum^ 
Hook.  f.  ;  ^Cneofum  tricoccum,  L.  ;  ^Dictyoloma  incanescens,  DC  ;  ^Eurycoma 
longifolium,  J  acq. ;  Hannoa  undtdata  ;  Harrisonia  Brownii,  ^H,  Bennetii,  A.  W. 
Benn.  var. ;  Hciacantha  Emoryi,  Gray  (according  to  Engler) ;  ^Irvingia  Barieri, 
Hook,  f.,  /.  gabonensis  ;  Kirkia  acuminata,  OUv.  (according  to  Engler) ;  Lasicdetis 
paucijuga;  ^Neopringlea  inte^ri folia,  Wats. ;  ^Picramnia  Antidesma,  Sw.,  P.  gracilis, 
P.  pdyantka  ;  PicreUa  trifoltata ;  * Picrodendron  Juglans,  Griseb. ;  ^Quassia  amara, 
L. ;  Rigicstachys  '  squamata  '  (anne  sphalm.  ex  '  bracteata  '?) ;  ^Samadera  indica, 
Gaertn. ' ;  ^Simaba  cuspidata.  Spruce,  ♦S.  guianensis,  Aubl.,  ♦S.  nigrescens,  EngL, 
^5.  suffruHcosa,  Ensl.  ;    ^Spathetia  simplex,  L.  ;    ^Suriana  maritima,  L. 

According  to  Van  Tieghem,  resin-canals  are  absent  in  the  root  as  well  as 
in  the  entire  embryo.  On  the  other  hand,  in  species  possessing  resin-canals  in  the 
peripheral  portion  of  the  pith  of  the  branches,  ttiey  are  to  be  found  in  similar  posi- 
tions in  the  petiole,  in  the  median  vein  of  the  pmnules,  and  occasionally  even  in 
the  lateral  veins.  In  those  species  in  which  the  resin-canab  he  opposite  to  the  leaf- 
traces  in  the  branches  (see  above),  the  systems  of  resin-canals  01  branch  and  leaf 
are  in  direct  continuity.  This  is  not  the  casein  Ailanthus  and  Brucea,  in  which 
the  resin-canals  he  opposite  the  interfascicular  bundles  in  the  branch,  so  that  they 
do  not  enter  the  petiole  at  the  node  :  consequently  the  resin-canals  of  the  petiole 
form  an  independent  system  inasmuch  as  thev  too  are  developed  secondarily  and 
bkewise  in  connexion  with  interfascicular  bundles. 

Secretory  cells  with  resinous  contents  occur  in  species  either  unth  or 
without  resin-canals  :  in  Ailanihus  glandulosa  in  the  pith  and  bast«  in  CneO' 
ridium  dumtosum  and  Harrisonia  Bennctii  in  the  primary  cortex  and  bast,  in 
Cneofum  tricoccum,  Simaruba  versicolor,  Spathelia  simplex,  PicreUa  trifoliata  in 
the  pittu  bast,  and  primary  cortex.  It  may  be  added  that  these  resin-cells  are 
occasionally  also  present  in  the  tissue  of  the  leaf  (in  Cneorum  iricoccum,  PicreUa 
trifoiiaia,  Simaruba  glauca,  and  Ailanthus  glandulosa,  in  the  last  of  these 
species  only  in  the  auricles  of  the  pinnules,  see  above). 

Cells  with  mucilaginous  membranes  have  been  met  with  in  the  bast  and 
primary  cortex  of  Picrodendron  Juglans  ;  lysigenous  mucilage-spaces  in  the 
pith  of  Irving  gabunensis  (according  to  Van  Tieghem),  in  the  pith  and  primary 
cortex  of  /.  Barteri  (according  to  Pierre  and  my  own  observation)  ana  also  in 
the  petiole  of  Klainedoxa,  Pierre  (according  to  Pierre).  Finally  it  may  be 
mentioned  that  Blenk  has  obser\'ed  secretory  cavities  in  the  genera  Lneo- 
ridium  and  Spaihclia,  and  lenticular  groups  of  oil-containing  cells  which  are 
shaqily  marked  off  from  the  surrounding  tissue  in  the  leaf-margin,  rachis» 
and  young  ]X>rtions  of  the  stem  of  Dictyoloma  incanescens,  DC. ;  these 
features  suggested  the  advisability  of  transferring  these  three  genera  to  the 
Rutaceae. 

'  Th«  ipedei  tkie  umct  of  which   have  an  *  prefixed  to  them  I  have  investigated  mjnelf; 
tile  remainder,  when  not  otherwise  suted,  were  in\-csti|^ted  by  Van  Tiet^hem. 
'  CoDtrary  to  the  itttcmeBts  of  Van  Tieghem  ! 
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— Sieck,  Pringabeim  Jabrb.,  Bd.  xxni,  1895,  p.  335.— Engler,in  NatOrl.  Pflantenfiun.,  Ui.  TeU,  Abt.  4, 
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OCHNACEAE. 

This  Order  is  distinguished  by  a  series  of  characteristic  anatomical 
features  in  the  structure  of  leaf  and  axis. 

The  leaves  ^  are  quite  glabrous  and  are  devoid  of  any  hairy  covering. 
The  type  of  stoma  is  characteristic  ;  on  either  side  of  the  guard-cells  a  sub- 
sidiary cell  is  placed  parallel  to  the  pore.  The  veins  of  the  leaf  are  always 
!)rovided  with  abundant  sclerenchynia.  Oxalate  of  lime  occurs  only  in  the 
orm  of  clustered  crystals.  The  latter  are  found  in  association  with  the  sderen- 
chyma  of  the  veins,  and  in  all  the  genera  and  species  investigated  by  me  they 
are  there  enclosed  in  cells,  the  walls  of  which  are  of  a  characteristic  structure  ; 
thus  the  cells  containing  the  clustered  crystals,  which  either  occur  singly  or  in 
longitudinal  rows  above  and  below  the  vascular  bundles  of  the  veins,  are  sclerosed 
on  those  sides  which  are  directed  towards  the  sclerenchyma  of  the  veins,  and 
also  on  the  adjoining  parts  of  their  lateral  walls,  so  that  they  appear  thickened 
in  the  form  of  a  U  in  the  transverse  section  of  the  leaf ;  the  clustered  crystals 
often  appear  granulated  like  crystal-sand'. 

The  following  remarks  may  be  added  regarding  the  details  of  the  structure 
of  the  leaf.  The  leaf-structure  is  bifacial,  so  far  as  observations  extend.  The 
lateral  walls  of  the  epidermal  cells  are  either  straight  {Luxemburgia^  BlasU- 
matUhus,  &c.)  or  unaulated  {Ochna).  The  lateral  walls  of  the  epidermal 
cells  of  Oufotea  acuminata  are  of  considerable  thickness  and  are  pitted.  In 
Elvasia  calophylUa,  a  one-layered  continuous  hypoderm  of  elongated  fibrous 
cells  with  thick  walls  and  narrow  liunina,  running  in  the  direction  of  the 
neighbouring  veins,  is  foimd  below  the  upper  epidermis,  the  cells  of  which  are 
four-sided  in  surface-view.  The  smaller  veins  are  almost  or  quite  verticallv 
transcurrent.  The  stomata  are  present  only  on  the  lower  surface  of  the  leaf. 
Sclerench3mia-fibres  running  irregularly  in  the  inner  tissue  of  the  leaf  are 
found  in  Cespedesia  macraphylla^  Blasiemanthus  gemmifloruSf  and  B.  grandi- 
florus ;  in  Elvasia  calopkylka  branches  of  the  sderench3mia-fibres  accom- 
panying the  vascular  bundles  are  sometimes  given  off  from  the  veins  and 
penetrate  the  mesophyll. 

*  Tbe  following  apeciet  were  inTe>ti^ted  by  me  witb  regard  to  tbetr  leaf-ttractnre :  (kkm^ 
imtrmis,  Scbwdnf. ;  OuraUa  acttmimata,  I*lngl. ;  Elvasia  (aUfhylUa,  DC. ;  Luxtmkmgim  cUUtm^ 
Gardn. ;  Hlast€mantkus  gtmmiflorut,  Flancb..  B,  grattdiJUrus^  Spmce ;  Cuftdtsia  wtmcrppkyila. 
Seem. 

Literature:  Gil<;,  Natiirl.  FHanzenfam.,  iii.  Teil,  Abt.  6,  1893,  pp.  i3a-4,  and  Gilg,  Anatom. 
Ban  der  O.  etc..  Ber.  deutscb.  bot.  Gesell^b.,  1893,  pp.  ao-5.  It  may  be  remarked  that  bctidct 
tbe  genera  cited  li  Durand's  Index,  Gil«;  refera  the  ^nera  Saivagtsia,  Leiigthia^  Lavradia^  S€kmmr^ 
mamsta  and  Atfkia  (of  the  Sanva^^eae'  aa  well  aa  Lopkira  to  thia  Order.  (Aa  to  the  anatomy 
of  the  Sauva^'esieae  aee  under  Violarieae.  and  regarding  tbe  genna  Lopkira  aee  tbe  appcodiz  to  the 
Dipterocarpcae.'^ 

'  Similar  cella  witb  daatered  cryaula  had  pierioiialy  been  obtcrred  by  Veaqne  (Amt  OMip.  de 
Tecorce,  These,  Paria,  1876,  p.  30)  in  tbe  primary  cortex  of  Ocimm  imutasmkittmtit. 
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As  to  the  stnictare  of  the  wood  and  cortex,  the  following  statements  may 
be  made  in  accordance  with  my  general  preliminary  investigation  of  Ochna 
arbotea^  Burch.,  Ouraiea  vaccinoides^  Engl.,  and  Luxemburgia  speciosa^  St.  Hil., 
and  with  the  statements  of  Gilg. 

As  regards  the  structure  of  the  wood ',  in  a  transverse  section  of  the  branch 
one  observes  fairly  broad  medullary  ra)^  and  vessels  with  lumina  of  incon- 
siderable size  (maximum  diameter  =»  •036-K)45  mm.) ;  the  vessels  are  either 
for  the  most  part  scattered  (Ochna,  Ouraiea),  or  are  radially  arranged{(LMx^f»i- 
burgia).  The  vessel-walls,  where  they  are  in  contact  with  parenchyma  of 
the  medullary  rays,  have  bordered  pits.  The  perforations  of  the  vessels  are, 
as  a  rule,  simple  and  circular  or  elliptical,  but  sometimes  elongated-elUptical ; 
side  by  side  with  these  simple  perforations,  scalariform  openings  occur  in  the 
neighbourhood  of  the  primary  wood,  and  in  Luxemburgia  also  in  the  secondary 
wood ;  as  a  rule  they  exhibit  a  small  number  of  bars,  and  only  occasionally 
in  Luxemburgia  have  a  larger  number.  The  wood-parenchyma  is  Uttle  de- 
veloped in  Luxemburgia^  but  more  abundantly  in  OuraUa  and  Ochna,  The 
wood-prosenchyma,  which  has  thick  walls  and  narrow  lumina,  shows  distinct 
though  not  large  bordered  pits  on  its  walls  in  Ochna  and  Ouraiea  ;  in  Luxem- 
burgia the  pits  of  the  prosenchyma  are  still  smaller  and  occasionally  indis- 
tinctly bordered.  According  to  Gilg,  moreover,  the  distinctness  of  the 
bordmd-pitting  of  the  wood-prosench5mia  varies  very  much  even  within  the 
genus  Ouraiea, 

In  the  cortex  isolated  groups  of  primary  bast-fibres  with  thick  white  walls 
and  narrow  lumina  occur  at  the  outer  limit  of  the  bast.  The  formation  of  cork 
is  superficial ;  in  Ochna  airopurpurea,  according  to  Douliot ',  the  cork  arises  in 
the  epidermis ;  Gilg  describes  the  same  place  of  origin  as  being  quite  general, 
without,  however,  citing  the  material  investigated.  The  cork  consists  of  cells 
with  fairly  thin  walls.  In  the  three  species  investigated  by  me  the  primary 
cortex  is  rich  in  stone-cells.  Gilg  remarks  with  respect  to  the  cortex  of  the 
Ochnaceae:  'durchweg  oft  sehr  grosse  Mengen  von  Steinzellen.'  Tjrpical 
bast-fibres  are  wanting  in  the  secondary  bast ;  in  their  place  sclerenchyma« 
cells  with  yellow  walls,  which  are  elongated  in  the  vertical  direction,  are 
more  or  less  like  bast-fibres,  and  abundantly  pitted,  are  present  in  this  tissue 
in  the  three  species  examined  by  me. 

According  to  Gilg,  the  occurrence  of  cortical  vascular  bundles,  which  are 
met  with  in  every  species,  is  very  characteristic  of  the  Order.  They  are  leaf- 
trace-strands,  wluch,  previous  to  bending  out  towards  the  leaf,  run  for  long 
distances  in  the  cortex,  during  which  they  sometimes  divide  several  times. 
According  to  Gilg,  medullary  bundles  also  frequently  occur,  e.g.  in  the  genus 
Godaya  in  large  numbers. 

I  have  not  observed  special  secretory  elements,  the  presence  of  which  one 
might  be  led  to  infer  from  the  statements  of  authors  * — *  arbores,  succo 
aqueo.'  Gilg  likewise  only  mentions  that  the  cortex,  pith,  and  medullary 
rays  in  this  Order  often  contain  large  quantities  of  tannin,  so  that  these  parts 
of  the  dried  plants  appear  of  a  deep  dark-red  colour. 

Appendix  :  On  the  genus  Tetrametista. 

The  genus  Tetrametista  with  the  species  T,  glabra,  Miq.,  which  hitherto  has 
always  b^n  referred  to  the  Ochnaceae,  must,  according  to  Gilg's  investif^ations 
(loc.  dt.),  certainly  be  excluded  from  this  Order.  Gilg  has  not  yet  found  a  definite 
relationship  for  Tetramerista,  as  the  floral  material  available  is  insufficient.  However, 
according  to  Gilg,  Tetramerista  shows  most  points  of  agreement  with  the  Theaceae. 

*  Solcreder, '  Holxrtmktiir/  18S5,  p.  94. 

'  Doolioc,  Aon.  ic  nat,  ler.  7,  t.  x,  1889,  p.  343. 

'  Eadlkfacr,  Gen.  Plant,  p.  1141,  Bentham  and  Hooker,  Gen.  Plant,  i,  p.  316,  etc 
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On  the  anatomical  side  the  lack  of  cortical  bundles  favours  the  separation  of  the 
genus  Teiratnerista  from  the  Ochnaceae.  The  occurrence  of  raphide-sacs  in  Tetra- 
merista  is,  further*  not  unfavourable  to  the  view  of  a  relationship  with  the 
Temstroemiaceae,  for,  although  the  Theaceae  do  not  possess  raphides«  yet  the 
Sauraujeae  and  Marcgravieae  do. 

BURSERACEAE. 

1.  Review  of  the  Anatomical  Features.  The  Burseraceae^  arc 
characterized  in  an  excellent  manner  by  the  possession  of  resin-canals  in  the 
bast  (cf.  Fig.  44),  by  the  occurrence  of  a  composite  and  continuous  ring  of 
sclerench3mia  in  the  cortex,  by  the  presence  of  large  simple  pits  on  the  vessel- 
wall  where  it  is  in  contact  with  parenchymatous  cells,  by  the  occurrence  of 
exclusively  simple  perforations  in  the  ve^els,  of  narrow  medullary  rays,  and 
of  simply-pittea,  sometimes  septate  wood-prosenchyma-cells,  and  lastly  by  the 
lack  of  a  special  type  of  stoma. 

The  formation  of  cork  is  superficial.  Oxalate  of  lime  is  present  in  the 
form  of  clustered  or  solitary  crystals.  The  internal  secretory  system,  apart 
from  the  balsam-canals  in  the  phloem,  consists  of  resin-caiials,  which  are 
situated  in  the  pith  (species  of  Boswellia  and  Protium)  or  in  the  primary 
cortex  (species  of  Canarium)^  and  of  mucilaginous  cells,  or  of  groups  of  sucjfi 
cells,  which  occur  in  the  primary  cortex  (species  of  Hedwigia  and  of  (?)  Ga- 
ruga  and  Protium)  or  in  the  mesophyll  (species  of  Protium).  Gelatinization  of 
the  epidermis  of  the  leaf  is  of  widespread  occurrence.  The  hairy  covering 
(Fig.  43)  consists  of  clothing  and  glandular  hairs.  Special  forms  of  the 
clothing  hairs  are :— unicellular  two-armed  hairs  (Protium),  unicellular  hooked 
hairs  {Garuga),  and  peculiar  tufted  hairs  {Saniiria) ;  the  glandular  hairs  exhibit 
numerous  forms.  The  following  are  additional  special  features  deserving 
mention  in  the  structure  of  the  leaf  and  axis  respectively :  the  occurrence 
of  hypoderm  on  the  upper  side  of  the  leaf  (Dacryoaes  kexandra,  Griseb.) ;  the 
papillose  differentiation  of  the  lower  epidermis  of  the  leaf  {Protium  Riedt- 
lianum,  Engl.) ;  the  occurrence  in  the  species  of  Canarium  (exd.  Scuiinanihe) 
of  medullary  vascular  bundles,  which  are  inversely  orientated  with  r^ard  to 
the  position  of  xylem  and  phloem. 

2.  Structure  of  the  Leaf.  A  thorough  investigation  of  the  leaf-struc- 
ture of  the  Burseraceae  is  still  wanting.  Gelatinization  of  the  epidermis  of 
the  leaf  has  been  observed  in  very  many  members  of  the  Order  •.  According 
to  Radlkofer,  Protium  Riedelianum,  Engl.,  has  papilla-formation  on  the  lower 
side  of  the  leaf;  Dacryodes  kexandra,  Griseb.,  has  a  1-2-layered  hypoderm  on 
the  upper  side.  The  stomata,  in  the  more  fully  investigated  species,  are  found 
only  on  the  lower  side  of  the  leaf,  and  each  of  them  is  surrounded  by  several 
ordinary  epidermal  cells.  The  stomata  of  Santiria  mollis.  End.  (Fig.  43,  A-B), 
which  have  a  widely  open  pore  and  occur  on  the  tips  of  columnar  elevations 

'  It  should  be  mentioocd  at  this  point  that  the  genns  Pnvmmta,  Welw.,  which  in  DonuMft  Index 
is  still  included  in  the  Burseraceae,  has  been  removed  by  Radlkofer  (Glied.  d.  Sapindac,  Siu.-Ber. 
Mtinch.  Akad.,  1890,  p.  34 1)  to  the  Eaphorbiaoeae,  being  placed  in  the  immediate  ndghboorhood 
of  the  genns  Oidfitldia  among  the  Phyllantheae ;  anatomical  iitatorcs  gare  the  primary  gronnda  for 
this  transference  (riz.  the  absence  of  the  compoaite  and  continooos  sderenchyma-ring,  and  its  replace- 
ment by  isolated  groups  of  primarr  bast-fibres  dereloped  in  the  radial  direction ;  the  lack  of  bnlMm- 
canals  and  the  presence  of  a  pecnliar  hairy  covering,  consisting  of  two-celled  tnchomes;  and  lastly 
the  occurrence  of  two  sobaidiary  cells  parallel  to  the  guard-cells).  It  may  likewise  be  mearioned 
that  the  BarMraceonsgenos  GmmofkyUum  which  is  mentioned  by  Engler  in  hii  roonogrmph,  and  whkh 
has  no  balsam-canals  in  its  phloem,  has  been  transferred  by  Raidlkofer  (Cif/Mmi,  in  Sitx.-Ber. 
Miinch.  Akad.,  1879,  p.  591)  to  the  Sapindaceae. 

'  Namely :  Gantga  pitmaia^  Roxb. ;  Commipksra  camdata,  Engl ;  B^iWillia  sirrata,  Roalx  and 
B.  fmhtsctns^  Engl. ;  Burura  gummiftra,  J*^-  *t  Crepid^spermmm  rkci/oHum^  Tr.  et  PL ;  as  w^  as 
nnmeroas  species,  cited  by  Bloik,  belonging  to  the  genera  C^mmipksra,  Priiimmt  Bmrwm,  Cmmm' 
Hum,  and  Htdmigia, 
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above  the  network  of  the  veins,  are  extremely  peculiar.  The  leaf -structure  is 
bifadal  in  Protium  unifoliolatum^  Engl.,  and  in  Dacryodes  kexandra^  Griseb. 
ProHum  unifoUatahtm  and  P.  Spruceanum,  Engl.,  have  vertically  transcurrent 
veins. 

Oxalate  of  lime  is  contained  in  the  leaf  in  the  form  of  clustered  and 
ordinary  solitary  crystals.  Garuga  pinnata  and  Boswellia  serraia^  for  example, 
possess  clustered  crystals  both  in  the  mesophyll  and  in  the  veins  ;  Prottum 
unifoliolaium^  Hedwigia  balsamifera,  and  Dacryodes  kexandra  have  soUtary 
crystals.  Well-developed  large  solitary  crystals  in  the  palisade-tissue  give  rise 
to  clear  transparent  dots  in  Protium  javanicum^  Burm.,  and  P.  serraium^  Engl. 
SiUdfied  groups  of  cells  have  been  demonstrated  in  the  lower  epidermis  of  the 
leaf  of  Protium  Spruceanum. 

Regarding  the  occurrence  of  internal  secretory  organs  in  the  leaf  it  may 
be  mentioned,  in  the  first  place,  that  the  balsam-canals,  which  will  be  discussed 
more  fully  under  the  structure  of  the  branch,  are  met  with  in  the  phloem  of 


Pia  4J.  A-B,  Elermted  ■toouitA  of  SttmHrim  moitis^  Engl,  c,  BraixJied  tricbocne  ol  Smmtirut  «i#/A>. 
9^  Bstrf«al  ftaadt :  D.  BatwtUi^  pm^yri/era^  Hochat. :  B,  rVotium  S^uctanum,  Bof  1. ;  P,  C»mmrimm 
kia^mtm^  Bl. ;  O,  Crwpidufnrmmm  rkoi/ointm,  Tr.  et  Planch.— OnKioaL 

the  larger  veins.  A  pecuhar  feature,  which  may  be  appended  here,  has  been 
demonstrated  by  Blenk  in  members  of  the  genera  Canarium^  TraUinickia^  and 
Saniiria^  namely,  the  local  appearance  of  palisade-cells  with  little  or  no 
chlorophyll,  and  often  haNing  somewhat  mucilaginous  walls ;  they  frequently 
cause  the  formation  of  a  rent  in  the  mesophyll  on  dryinc  the  leaf.  The  same 
author  mentions  the  occurrence  of  cells  in  the  mesophyll  of  Protium  unifolio- 
laium^  Engl.,  and  P.  pubtscens,  Engl.,  which  have  clear  contents  like  water, 
and,  according  to  my  own  investigation  of  P.  unifoliolaium,  have  proved  to 
be  cells  with  mucilaginous  walls. 

The  hairy  covering  is  formed  by  clothing  and  glandular  hairs.  The 
commonest  form  of  clothing  hair  is  represented  by  simple  unicellular,  often 
sclerenchymatous,  trichomes  (Garuga  pinnata,  &c.).  Moreover,  in  Garuga  pin- 
naia,  unicellular  hooked  hairs  are  found,  in  Protium  Spruceanum  short  uni- 
cellular two-armed  hairs,  with  thick  walls  and  arms  of  equal  length  (Fig.  43,  £), 
and  in  the  ^enus  Zanha,  Hiem,  which  is  i>rovisionally  referred  to  the  Burseraceae, 
peltate  hairs,  the  structure  of  which  has  not  yet  been  examined.    It  is  still 
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undecided  whether  the  peculiar  tufted  hairs  of  Saniiria  mollis  (Fig.  43,  C), 
which  are  composed  of  a  short,  uniseriate  and  thick-walled  stalk  and  of  a  tuft 
of  tubular  terminal  cells  with  thin  walls  and  brown  contents,  must  be  induded 
among  the  glandular  hairs.  The  form  of  the  glandular  hairs  is  manifold.  The 
external  glands  of  BosweUia  papyrifera^  Hochst.  (Fig.  43,  D),  have  a  short  1-2- 
cellcd  stalk  and  a  spherical  head,  which  is  2-4-celled  owing  to  division  in  different 
directions.  Garuga  pinnata  and  Canarium  acutum^  Engl.,  have  similar  glandular 
hairs  which,  however,  have  longer  stalks.  External  glands,  which  are  filiform, 
uniseriate,  and  slightly  broadened  towards  their  tips,  characterize  Protium 
Spruceanum  (Fig.  43,  E),  FinaDy,  peculiar  external  glands  (which  are  tubular 
and  curved  or  roUed  up  like  a  snail,  devoid  of  a  stalk,  and  consisting 
essentiaUy  of  one  row  of  cells  only  doubled  in  places)  are  found  in  Canarium 
hispidum,  Bl.  (Fig.  43,  F),  Crepidospennum  rhoifoUum  (Fig.  43,  G),  Dacryodes 
hexandra,  Santiria  mollis^  and  5.  hornensis^  Engl. 

As  to  the  structure  of  the  rachis  *  the  following  points  from  C.  de  CandoUe's 
treatise  may  be  mentioned.  It  shows  in  transverse  section  a  closed  ring  of 
vascular  bimdles.  Medullary  bimdles  are  foimd  only  in  species  of  Icicapsis^ 
Canarium,  and  Trattinickia  ;  in  Icicopsis  brasiliensis  they  are  united  into 
a  bundle-ring,  which  is  inversely  orientated  with  respect  to  the  position  of  wood 
and  bast ;  in  Canarium  tamentosum,  on  the  other  hand,  they  are  separate  and 
arranged  in  two  concentric  circles. 

3.  Structure  of  the  Axis.  The  foUowing  description  is  based  on  the 
statements  in  the  literature  as  well  as  on  my  own  casual  examination  of  the 
species  enumerated  below  *. 

The  occurrence  of  a  composite  and  continuous  ring  of  sclerenchjmia  *  in 
the  pericycle  is  primarily  characteristic  for  the  axis  of  the  Burseraceae.  In 
herbarium  branches  it  consists  of  arcs  of  bast-fibres,  which  are  convex  on  their 
outer  sides,  and  of  stone-cells  situated  between  them.  In  thicker  branches 
the  imdulated  course  of  the  sclerenchyma-ring  shows  up  less  distinctly, 
because  the  arcs  of  bast-fibres  are  broken  up  into  smaller  bundles,  and  the 
latter  are  united  by  groups  of  stone-cells. 

A  second,  equally  valuable  character  of  the  axis  in  the  Burseraceae  is  the 
occurrence  of  resin-canals  in  the  bast,  which  Engler  was  the  first  to  set  up  as 
an  important  character  for  the  delimitation  of  the  Order.  These  resin-canals 
have  been  demonstrated  in  all  the  genera  enumerated  in  Durand's  Index 
(with  the  exception  of  Paivaeusa,  regarding  which,  see  note  2,  p.  215)  as  well  as 
in  the  genus  Aucoumea,  newly  instituted  by  Pierre.  AU  these  genera  have  one 
large  resin-canal  immediately  within  each  pericyclic  arc  of  hard  bast,  and» 
besides  these,  resin-canals  with  small  lumina  in  the  secondary  bast.  In 
certain  species  medullary  balsam-canals  have  also  been  observed  {BosweUia 
papyrifera,  Hochst.,  B.  serrata,  Roxb.,  Canarium  microcarpum,  Engl.,  and 
Protium  serratum,  Engl.),  as  well  as  short  resin-canals  running  in  the  primary 
cortex  (in  Canarium  australasicum,  F.  v.  MOll.,  C.  decumanum^  Gaertn.,  and 
C.  zeylanicum,  Bl.,  but  not  in  all  the  species  of  this  genus,  and,  further,  in 
Bursera  Delpechiana,  Poiss.,  according  to  J.  MoUer).  'fiie  origin  of  the  resin- 
canals  is  schizolysigenous  (Sieck  *). 


^  Species  of  Caruga^  Protium^  Bursera,  Icuopsis,  Canarium^  Crtpidtpirmum^  TymifimukiSy 
and  Hediuigia  have  lx«n  investigated. 

'  These  are :  Garuga  pinnata,  Roxb. ;  Commiphora  camdata,  EngL  ;  BosmoUm  strroim^  RoxU., 
B.  pub€scens,  Engl. ;  Bursera  gummifera,  Tacq. ;  Protium  uMiUHoleUum^  EngL ;  Crtpido^pmrumm 
rhoifolium,  Tr.  et  PI.;  Hedwigia  bcisami/era,  Sw.;  Trattinickia  htrsoraofiSa^yLui,\  Cemmrimm 
acutum,  Engl.;  Dacryodes  hexandra,  Griseb.;  Saniiria glabriJoHa^  Eiiffl. 

'  The  6gnres  given  by  Marchand  and  Engler,  which  repfCMDt  the  iderendijiDa-riiigB  of  Ctmmi 
phora  africana,  Engl.,  Protium  obtusifolium,  March.,  Uki  Bunorm  kptopMUmt,  Mart.,  leipecti^y 
as  interrupted,  are  inexact ;  as  also  are  Jadin*t  figures  rffprftwitlng  tlie  same  fefttare. 

*  According  to  J.  Moller  (loc  cit.)  the  seat  of  the  Mezican  linaloe-oil  ptodiiced  by  Maie  ipeeiea 
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The  following  statements  may  be  made  with  r^ard  to  the  structure  of 
tlie  wood.  The  medullary  rays  are  always  narrow.  The  diameter  of  the 
vessels  attains  a  maximum  of  •045—126  nmi.  The  vessels  have  simple  perfora- 
tions throughout.  In  contact  with  one  another  the  walls  of  the  vessels  bear 
densely  packed,  large  bordered  pits  (diameter  of  the  border  » at  least 
•0(u  mm.),  but  in  contact  with  ray-parenchyma  they  bear  large  simple  pits 
with  transitions  to  bordered  pits.  The  large  simple  pits,  groups  of  which 
frequently  recall  a  scalariform  perforation  of  a  vessel,  form  a  third  excellent 
character  of  the  axis  in  the  Burseraceae.  The  groundwork  of  the  wood  is 
formed  by  wood-prosenchyma  with  simple  pits  and  lumina,  which  are  usually 


Fia  44.    TrsMvcrte  acctiofi  throagh  a  yvMuif  axis  of  Botmtdlim  serrmim,  Rosb.— Oriftwd. 

wide  and  never  very  narrow,  while  in  all  the  species  investigated  they  are  now 
and  then  provided  with  dehcate  division-walls.  The  wood-parenchjrma  is 
usoaUy  UttJe  developed,  but  is  more  abundant,  e.g.,  in  Boswdlia  papyri f era, 
Hochst. 

Regarding  the  structure  of  the  cortex  the  following  may  be  added  to 
what  has  been  said  above.  The  origin  of  the  cork,  which  has  been  investigated 
by  Jadin  in  all  the  genera  except  Triamma,  is  always  superficial ;  it  is  usually 
subepidermal,  rarely  (Saniiria)  somewhat  deeper,  arising  in  the  outer  layers 
of  tbt  primary  cortex.  It  is  worthy  of  note  that  in  many  members  of  the 
Order,  especially  species  of  Boswdlia  and  Commiphora^  even  in  branches  which 
are  only  as  thick  as  one's  finger,  layers  of  cork  peel  off  like  a  skin  every  year, 
and  can  be  used  as  paper.  Stone-cells  are  present  in  the  primary  cortex  in  all 
the  spedes  of  Proiium^  Tratiinickia,  Canarium,  Dacryodcs^  and  Saniiria  I  have 


tdBmrmrm  Is  not  Uie  rcuo-canaU  discnsied  abore,  but  (in  B.  Dtlpecki^na,  Poir.)  the  celU  of  tlie 
wod,  \m  wUcli  the  oil  does  not  sppear  as  a  tecretioo  but  as  an  ordinary  compoocnt  of  tlie  contents, 
"*  t  la  ^.  AkiMyim^  £BgL,  it  is  also  found  in  special  large  thin-walled  oil-cells  in  the  wood, 
■na  O 
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examined ;  sclerosed  parenchyma  with  wide  lumina  is  found  in  the  same  region 
in  Garuga  pinnata  (here  it  is  occasionally  somewhat  branched)  and  in  Bursera 
gummifera.  I  have  met  with  groups  of  bast-fibres,  sometimes  in  the  form 
of  bands,  in  the  secondary  bast  in  the  above-named  species  of  Garuga, 
TraUinickia^  Canarium^  and  SantiHa, 

Apart  from  the  balsam-canals  already  discussed,  secretory  elements  of 
a  different  nature  occur  in  certain  species;  these  elements  are  situated  in 
the  primary  cortex  and  will  most  probably  all  prove  to  be  cells  with  mucila- 
ginous membranes  or  mucilage-spaces  derived  from  groups  of  such  ceDs. 

I  was  able  at  least  to  show  that  this  was  the  case  in  Hedwigia  balsoimferaj 
in  which  Jadin  describes  the  occurrence  of '  cavit6s  sto:6trices  plus  ou  moins  aUongta 
dans  r6corce.'  The  remaining  cases,  which  should  probably  be  classed  here,  still 
require  further  examination.  They  are :  the  Ivsigenous  secretorjr  spaces  observed 
by  Engler  in  the  primary  cortex  of  ProHum  BtancheHi,  EngL,  which  Marchand,  to 
judge  &om  bis  drawing,  appears  to  have  seen  also  in  ProHum  obtusifolium^  March. ; 
and  the  '  glandes  s^cr6trices  corticales '  demonstrated  by  Jadin  in  the  same  pofiition 
in  the  genus  Garuga. 

Lastly,  the  occiurence  of  medullary  vascular  bundles  in  the  genus  Canarium 
must  be  mentioned  (Radlkofer,  Jadin).  They  are  arranged  in  a  circle  and  are 
inversely  orientated  with  regard  to  their  xylem  and  phloem ;    the  phloem- 

S roups  are  turned  towards  the  centre  of  the  pith,  and  contain  one  large 
alsam-canal  each,  like  the  bundles  of  the  normal  ring.  It  should  be  noted 
that  the  medullary  bundles  are  sometimes  {Canarium  acidum)  rudimentary, 
being  reduced  to  a  bimdle  of  prosenchyma  enclosing  a  large  resin-canal.  J  adin  has 
demonstrated  the  medullary  vascular  bimdles  in  question  in  twenty-seven  spedes. 
They  are  only  wanting  in  Canarium  brunneum^  Raddi  (ScuHnanOie  brunneum^ 
Thw.),  which  is  Jadin's  reason  for  again  instituting  the  genus  ScuHnanihe. 

literature  :  Marchand,  Adansonia,  t.  vii,  i866>7,  p.  258  and  pi.  TiiLand  t  yiii,  1867-^  pp.  56 
and  74  et  seq.  and  pL  ii,  iii. — Engler,  Verw.-Verh.  der  Rutaoeae  etc.,  HaUe  a.  S.,  1874.— MdQtf, 
Holzanat.,  Denkschr.  Wiener  Akad.  1876,  pp.  98,  99,  and  304. — De  Bary,  VeigL  AnaL,  1877.— 
Cas.  de  CandoUe,  Anat  comp.  d.  f.,  M^m.  Soc  phys.  et  oat  de  Geokrt,  t  xxri,  a,  1879,  pp^  439  and 
463,  pi.  i.— MoUer,  Rindenanat,  i88a,  pp.  321,  322. — Engler,  Snitei  an  Prodr.,  voL  hr,  1883,  p.  a. 
— Radlkofer,  Abh.  natnrw.  Ver.  Bremen,  Bd.  viii,  1883,  p.  439  note. — Blenk,  Flora  1884,  p.  396 
et  seq.,  separate  copy,  pp.  55-8. — Solereder,  Holzstr.,  18851  pp.  94,  95. — Radlkofer,  Site.-B«. 
Miinch.  AJcad.  1886,  p.  307.— Radlkofer,  Glied.  d.  Sapindac,  Sit£.-Ber.  MOnch.  Akad.  1890.— 

{adin,  Joom.  de  Bot.  1893.— Jadin,  Contribnt  k  T^tnde  des  TMbtnthacte,  MontpeUier,  1894.— 
adin,  Ann.  sc.  nat,  s^.  9,  t.  zix,  i894,pp.  i  and  48  et  sea.— Banr,  Bon.  Opopooax,  DisiL,  Ben, 
1894,  pp.  39  et  seq. — Sieck,  Sekretbeh.,  Uiss.,  Bern,  1895. — ^Engler,  in  NatOrl.  Pflanaenfiun.,  Hi.  Tcil. 
Abt  4,  1896,  pp.  a3o,  a3i. — Pierre,  BnlL  Soc.  linn.  Paris,  1896,  p.  ia4a->J.  ICSUer,  Ugimm 
Aloes,  PharoL  Post,  1897. 

MELIACEAE. 

1.  Review  of  the  Anatomical  Features.  This  Order  is  characterized 
anatomicaUy :  by  the  occimrence  of  secretory  cells,  which  are  met  with  almost 
throughout  in  the  leaf-tissue,  where  they  frequently  give  rise  to  transparent 
dots,  and  sometimes  also  in  the  pith  and  cortex  of  the  axes ;  by  the  lack  of 
special  subsidiary  cells  adjoining  the  stomata ;  by  the  simple  prorations  of 
the  vessels ;  by  the  wood-prosenchyma,  which  has  simple  pits  and,  in  most 
cases,  has  fairly  wide  limuna  which  are  often  septate ;  by  the  difiterentiation  of 
bordered  pits  even  on  the  parts  of  the  vessel-walls  which  adjoin  parenchj^ma ; 
and,  lastiy,  by  the  superfiaal  origin  of  the  cork  and  by  the  isolated  groups  of 
bast-fibres  in  the  pericycle. 

The  secretory  cells  are  absent  from  the  leaf  in  the  genera  ChhroxyUm  and 
Flindersia,  but  are  present  in  the  cortical  tissue  of  the  axis.  Moreover,  these 
two  genera  are  further  characterized  by  the  occurrence  of  secretory  cavities  in 
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the  tissue  of  the  leaf  and  cortex,  and  it  is  therefore  better  to  remove  them  to 
the  Rutaceae  as  has  been  done  by  Engler. 

Oxalate  of  lime  occurs  in  the  form  of  ordinary  solitary  and  clustered 
crystals.  The  hairy  covering  (Fig.  45)  consists  of  simple  umcellular  or  uni- 
seriate  hairs,  of  unicellular  two-armed  hairs  (Amoora^  Dysoxylum)  or  of  transi- 
tional forms  between  simple  and  two-armed  hairs  (Chisochdon^  Dasycoleum, 
Sandaricum),  of  stellate  {Aglaia,  Mdia^  PUrorhachis)  and  peltate  hairs  (Aglaia^ 
Amoora^  Flindtrsia)^  and,  lastly,  of  glandular  hairs  of  different  forms,  which 
in  CabraUa  are  sunk  in  very  deep  pits  in  the  leaf. 

Finally,  the  following  are  special  characters  for  the  diagnosis  of  genera  and 
spedes  :  gelatinization  of  the  epidermis  of  the  leaf  (Chukrasia  and  Cedreleae) ; 
h)rpoderm  on  the  upper  side  of  the  leaf  (Carapa  moluccensis.  Lam.) ;  papillose 
differentiation  of  the  epidermal  cells  on  the  lower  side  of  the  leaf  (species  of 
Ekebergia  and  Wcdsura) ;  spicular  cells  in  the  mesophyll  (species  of  Dysoxylum) ; 
ci33tal-idioblasts  in  the  mesophyll  (species  of  Aglaia,  Dysoxylum,  Meliadelpha); 
occurrence  of  secondary  hard  bast ;  occurrence  of  stone-cells,  groups  of  stone- 
cells  or  rings  of  stone-cells  in  the  primary  cortex ;  and,  lastly,  the  varied  form 
of  the  secretory  cells,  which  are  either  rounded  and  isodiametric  or  elongated 
to  a  varying  extent  (in  the  latter  case  the  secretory  ceUs  sometimes  forming 
kmgitudinal  rows),  and  either  unbranched  or  branched. 

2.  Structure  of  the  Leaf.  Our  knowledge  of  the  leaf-structure  is  essen- 
tially based  on  the  statements  of  Blenk,  and  requires  further  investigation. 
The  following  points  may  be  mentioned  regarding  it. 

In  the  species  examined  by  me  (Melia  Azedarach,  L.,  Swietenia  Mahagoni,  L., 
TfickUia  Clausseni,  C.  DC.,  Cedrela  Toona,  Roxb.,  Aiionia capensis,  Thunb.,  and 
Ptaeroxylon  utiU,  Eckl.  et  Zeyh.)  the  stomata  are  restricted  to  the  lower  surface 
of  the  leaf,  and  each  is  surrounded  by  several  ordinary  epidermal  cells.  Mucila- 
ginous epidermal  cells  have  been  observed  by  Blenk  in  Chukrasia  tabuJaris^ 
A.  Juss.,  where  they  give  rise  to  transparent  dots,  and  in  the  Cedreleae ;  forma- 
tion of  epidermal  papillae  has  been  observed  in  Ekebergia  Rueppeliana,  A.  Rich., 
Walsura  hypoleuca,  Kurz,  W.  Piscidia,  Roxb.,  \V,  tabulata,  Hiem,  &c.  (Radlkofer) ; 
a  two-layered  hjrpoderm  below  the  small-celled  epidermis  of  the  upper  side  of 
the  leaf,  the  lower  layer  being  considerably  elongated  like  palisade-tissue,  is 
found  in  Carapa  moluccensis.  Lam.  (Schimper) ;  and,  lastly,  spicular  cells, 
thick-walled,  simple  or  branched  sclerench5miatous  cells,  which  traverse  the 
mesophyll  Uke  buttresses,  occur  in  Dysoxylum  aculangulum,  Miq.,  D,  cyrUh 
boiryum,  Miq.,  and  D,  macrocarpum,  Bl.  (Blenk  and  Radlkofer). 

The  characteristic  feature  of  the  leaves  of  the  Meliaceae  is  the  secretory 
ceOSt  which,  however,  also  occur  in  the  axis  (viz.  in  the  bast  and  primary 
cortex)  and  very  frequently  cause  transparent  dots.  They  are  found  not  only 
in  the  members  of  the  Melieae,  Trichilieae,  and  Swietenieae,  as  Blenk  has  shown, 
but  also  in  the  genera  of  Cedreleae — Cedrela,  Chloroxylon,  and  Flindersia,  in 
the  two  genera  last  named,  however,  only  in  the  branch  (secondary  bast),  and 
not  in  the  leaf.  The  form  of  the  secretory  cells  in  question  varies.  They  are 
either  spherical  or  ellipsoid  with  a  diameter  of  -oi— 03  mm.,  or  they  are 
tubular  and  elongated  parallel  to  the  surface  of  the  leaf,  and  in  that  case  may 
attain  a  length  of  3  mm.  and  more  (up  to  i  cm.  in  Cabralea).  Frequently  the 
secretory  cdls  branch,  sending  out  cither  short  or  fairly  long  protrusioas 
parallel  to  the  surface  of  the  leaf.  In  some  cases,  in  place  of  a  long 
branched  or  unbranched  tubular  secretory  cell,  one  finds  a  row  of  secretory 
cells  lying  one  behind  another,  and  as  an  extreme  case  these  rows  of  secretory 
celb  are  sometimes  branched.  The  secretory  cells  are  ordinarily  found  at  the 
boundary  of  palisade  and  spongy  parenchyma,  more  rarely  in  one  or  the  other 
of  these  tissues.  In  rare  cases  (Afegaphyllaea)  they  are  restricted  to  the 
Dcighbocurbood  of  the  vascular  bundles. 

o  2 
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A  synopsis  of  the  genera  in  which  Blenk  has  demonstrated  secretory  cells  in  the 
leaf  follows,  arranged  m  the  serial  order  of  Durand's  Index  ;  the  form  and  arrange- 
ment of  the  secretory  cells  are  represented  thus :  r«s  rounded,  1«  rather  long,  11-= 
long,  b= branched,  R=in  rows.  Tnbe  i,  Melieae  :  Cipadessa  r,  Quivisia  r,  Turrtiea  1  b, 
Naregamia  1,  Munronia  1,  Melia  T^Azadirachta  r  1.  Tribe  2,  Trichilieae :  Sandoricum  t, 
Cabralea  11,  Dysoxylum  r  b  1  11  R,  Chisocheton  r  1,  Dasycoleum  11,  Guarea  R  r  U 
Amoora  r  1  b  R,  Synoutn  1,  Aglaia  r  1  11  b  R,  Heamia,  Walsura  r  11,  Ekeberpa  u 
Trichilia  r  1  b  R,  Heynea  r.  Tribe  3,  Swietenieae :  Carapa  r,  Khaya,  Saymtda  r, 
Svoietenia  r,  Chukrasia  r.  The  secretory  cells,  moreover,  as  may  be  added  here, 
also  occur  in  the  genus  Meliadelpha  founded  by  Radlkofer  (and  previously  BPaW/tnta 
oceantca.  Bull),  in  Meg'aphyllaea  as  well  as  in  the  genera  Aitonia  and  Piaeroxylon^ 
transferred  by  Radlkofer  to  the  MeUaceae,  and  in  the  Cedreleae  (r^^ding  the 
latter,  see  above).  With  regard  to  the  varied  form,  &c.,  of  the  secretory  ceUs, 
according  to  Blenk,  the  members  of  the  smaller  genera  as  a  rule  appear  to  agree^ 
and  so  do,  at  any  rate,  small  groups  of  allied  species  in  the  larger  genera. 

In  addition  to  the  secretory  cells  in  two  genera  of  Cedreleae,  Chhroxylon^ 
and  Flindersia^  secretory  cavities  occur,  which  are  to  be  found  not  only  in  the 
leaf -tissue,  but  also  in  the  primary  cortex  of  the  branches. 

Oxalate  of  lime  is  excreted  in  both  leaf  and  axis  only  in  the  form  of 
ordinary  solitary  and  clustered  crystals.  The  occurrence  of  solitary  crystals 
{Cabralea,  Dysoxylum,  Chisocheton,  Dasycoleum,  Guarea,  Amoora,  Synoum, 
Aglaia,  Hearnia,  Cedrela,  Meliadelpha)  or  of  clustered  crystals  (Melieae, 
Trichilia,  Heynea)  in  the  palisade-tissue  is,  according  to  Blenk's  statements,  of 
value  in  detsoled  classification.  The  solitary  crystals  present  in  the  palisade- 
tissue  sometimes  (Aglaia),  when  of  sufficient  size,  appear  as  transparent  dots. 

The  hairy  covering  consists  of  clothing  and  glandular  hairs.  Of  clothing 
hairs  one  finds  firstly  simple  unicellular  {Aitonia,  Ptaeroxylon)  or  uniseriate 
{Cedrela)  trichomes.  UniceUular  two-armed  hairs  have  been  observed  by 
Radlkofer  on  the  leaf  of  Dysoxylum  ptychocarpum,  Radlk.,  and,  at  any  rate, 
on  parts  of  the  flower  or  fruit  in  other  species  of  Dysoxylum  arid  in  Amoora 
Balanseana.  In  other  members  of  the  Order  a  tendency  to  the  formation  of 
Malpi^hian  hairs  is  indicated  by  the  fact  that  the  simple  trichomes,  which 
are  adpressed  to  the  organs  bearing  them,  show  a  pocket-like  expansion  of 
the  basal  part  of  the  hair  close  above  its  point  of  insertion  (parts  of  the  £k>wer 
and  fruit  of  species  of  the  genera  Chisocheton,  Dasycoleum,  and  Sandoricum 
according  to  Radlkofer).  Further,  stellate  hairs  occur  (in  Melia  and  Aglaia 
according  to  Bentham  and  Hooker's  '  (}en.  Plant.,'  and  in  Pterorhachis  according 
to  Harms,  in  Bugler's  '  Bot.  Jahrb.'  1895),  and  also  peltate  scales  (in  Aglaia, 
Amoora  and  Flindersia).  According  to  O.  Bachnuum  the  peltate  hairs  of 
Aglaia  and  Amoora  recall  the  peltate  scales  of  the  StercuUaceous  genus 
Heritiera  in  the  arrangement  of  their  cells ;  they  are  simk  in  small  pits  in  the 
strongly  cuticularized  leaf-surface.  Moreover,  in  Aglaia  Roxburghiana,  Bedd. 
several  simple  ray-ceUs  project  from  the  middle  of  the  shield,  and  in  A, 
argentea,  BY.  still  another  type  of  scale  occurs,  namely  a  lon^-stalked  peltate 
hair,  the  ray-cells  of  which  have  thin  walls  and  form  a  corneal  elevation  in 
the  middle  of  the  shield.  The  peltate  hairs  of  Flindersia  are  represented  in 
Fig.  45,  B.  The  glandular  hairs,  which  are  always  multicellular,  have  been 
observed  (a)  in  species  of  Cedrela  (Fig.  45,  i4),  in  which  thejr  have  a  dub- 
shaped  form,  but  are  sometimes  differentiated  into  a  uniseriate  stalk  and 
a  multicellular  head ;  (b)  in  Ptaeroxylon  and  Flindersia,  where  they  have 
a  more  spherical  or  an  inversely  conical  glandular  head ;  and  (c)  in  CabraUa^ 
where  they  are  sunk  in  deep  pits  sometimes  reaching  as  far  as  the  middle  of 
the  leaf,  and  can  be  recognized  even  with  a  lens  as  dots  of  the  size  of  a  pin- 
prick. 

The  petiole,  or  the  rachis  as  the  case  may  be,  has  been  much  more  fully 
investigated  than  the  lamina,  namely  by  C.  de  Candolle  in  138  species  repre* 
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senting  nearly  all  the  genera  \  This  investigation  has  ^ven  the  following 
results.  The  species  with  simple  leaves  (i.  e.  all  the  species  of  Quivisia  and 
Turrmea  as  well  as  certain  species  of  Walsura  and  TnchUia)  show  an  arc  of 
vascular  bundles  in  the  transverse  section  of  the  petiole  and  of  the  midrib  of  the 
leaf.  On  the  other  hand,  in  the  species  with  pmnate  leaves,  the  rachis  of  the 
leaf  and  the  midrib  of  the  pinnules  possess  a  ring  of  vascular  bundles  as 
seen  in  transverse  section.  Cortical  vascular  bundles  do  not  occur  in  any  case 
in  the  petiole  or  in  the  ractus,  and  medullary  bimdles  are  found  only  in  twelve 
species  of  the  genera  Walsura^  Vavaea^  TrichUia,  Soymida^  and  Heynea, 

3.  Structure  of  the  Axis.  In  the  following  account,  besides  the  litera- 
ture, an  unpublished  investigation  of  my  own,  which  extended  to  the  species 
dted  in  the  list  below ',  has  been  made  use  of. 

In  transverse  section  the  wood  exhibits  narrow  medullary  rays,  as  much 
as  three  cells  in  breadth,  and  vessels  with  lumina  of  different  sizes  (maximum 
diameter  —  -036— 11  mm.).  The  vessel-wall,  where  it  is  in  contact  with 
parenchyma,  always  bears  bordered  pits  only.  The  narrower  vessels  of 
Mdia  Axedarach  possess  spiral  thickening.  The  perforations  of  the  vessels 
are  simple  throughout.    The  wood-parenchyma  may  either  be  little  developed 


Pig.  4^    A,  Lover  rp^AermiM  of  the  leaf  of  CulrtU  Toomm^  Rosb.  with  a  gUodolar  hair.    •,  Loirer  epkSennis 
of  IV  InfcifUrndgrsia  mscmlaia,  P.  ▼.  M&ll.  with  a  pehate  and  a  {^landalar  hair.— OrifinaJ. 

or  rather  abundant  (Melia^  SwieUnia^  Trichilia,  Megaphyllaea),  The  wood- 
prosenchyma  has  simple  pits  and  in  many  species  (of  the  genera  CabraUa^ 
Cipadessa,  Amoora,  Dysoxylum,  Soymida^  Chisochcton^  Carapa^  Guarea^  Vavaea) 
it  is  septate.  Wood-proscnch5mia  with  narrow  limiina  is  rare  (E/u/Ama 
micropkylla^  Azadirachta  indica).  Lastly,  in  Carapa  guianensis^  Aubl.,  resin- 
cavities  arise  in  the  wood  by  disorganization  of  groups  of  cells  (MoUer);  in 
SwieUnia  Mahagoni,  L.,  Gtiarea  irichilioides^  L.,  and  ChloroxyUm  SwieUnia^  DC., 
a  tier-like  coastruction  of  the  wood  has  been  shown  to  occur  (Hdhnel). 

The  development  of  the  cork  takes  place  subepidermally  {Melia,  TrichUia^ 
Cuarea^  Cedrda^  according  to  Moller).    The  cork-cells  have  thin  or  somewhat 


'  TkurrmmUkms,  Nangamiat  PkilastrtA^  Pstudocarapa^  Owenia^  Lansium  and  B§dd»m$a  have 
ooC  been  iovcstigated. 

*  Cipmd$SM  bmtdf$ra,  Miq.,  Quivisia  oppcsitifoHa^  C'av.,  Turrasa  aiyssinifa,  IIochsL,  Nare* 
gmmiU  mimtm,  W.  ct  A.,  Mumronis  H^aiiithii,  Wight,  Afelia  Tocsemlan,  Sieb.  ct  Zacc.,  AtaJirmtkta 
imdiia^  A.  Jnu. ;  Samdmitum  imdicmm,  Cav  ,  Ca/'ra/ta  Cat^rtma,  Said.,  Didymsiksism  Ijistke* 
mmmJHmutm,  Jma..  Chis^chtt^m  divergens,  HI..  Megapkyllaea  ptraktmis,  Hemsl.  (licrb.  Kew\ 
Dmtyttiimm  PkHi/fimum,  Turcz.,  Guana  kumilis^  Hcrt.,  Am^era  R^kituhi,  W.  et  A.,  A.  Lmwi, 
BcBtb.  ct  Hook.,  Spt^mm  gUndulcsum,  Juss.,  Aglaia  fanicutaia^  Knrz,  Htmmim  sapindimm^ 
F.  V.  MulL,  Walsura  fiiseidia^  Koxb.,  Rkthergia  RuifptliatuL^  Rich.,  Vavoia  amicarum^  Bcnth., 
Triikilia  Wedd$lii,  C.  DC.,  T,  paraemis,  C.  DC,  J/epua  trijuga,  Roxb.;  Carafa  tmaimansit^ 
Lam.,  Saymida  Mrifuga^  A.  Joss..  Swittenia  Aumiiu,  Zucc.,  Elulhiria  microfkylia^  C.  IX^., 
Ckmkrmsia  takulawit,  A.  Jots. ;  Cedrtla  Toona,  Roxb.,  ChloroxyUm  Swittemia,  DC.,  flimdertia 
,  F.  ▼.  MAIL ;  Aiimia  captnns^  Thunb.,  Ftair^xylm  m/iU,  Eckl  et  Zeyh. 
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thickened  walls.  In  almost  all  the  members  of  the  Order  isolated  groups  of 
bast-fibres  are  found  in  the  pericycle.  The  only  exceptions  are  afforded  by 
CabraUa  Cangerana^  in  whicn  an  interrupted  composite  sclerenchjona-ring  is 
present  in  the  pericycle,  and  by  Flindersia  maculaia^  where  sclerenchyma  is 
quite  wanting  in  the  pericycle.  In  most  cases'  the  secondary  bast  likewise 
contains  hard  bast,  which  is  developed  in  the  form  of  scattered  fibres,  or  small 
groups,  bands  or  rings  of  bast-fibres.  In  a  similar  manner  the  primary  cortex 
either  contains  ordinary  sohtary  stone-cells  (Vavata  amicorum^  Amoora  Roki- 
tuka,  Heamia  sap%ndina\  or  groups  of  stone-cells  (CabraUa  Cangerana^  Dasy- 
coleum  PhUippinumy  Synoum  glandulosum^  ChisocheUm  divergens^  Me^aphyllaea 
perakensis\  or  slightly  sclerosed  parenchyma  (Trichilia  Weddeltu  Cruarea 
kufnilis)^  or  branched  stone-cells  {Aelaia  panic%data\  or  lastly  a  ring  of  stone- 
cells  (Sandoricum  indicum^  Amoora  Lawi,  DidymocheUm  LesckenauUianum), 

Finally,  it  may  be  mentioned  with  respect  to  the  pith  that  groups  of  stone- 
cells  sometimes  (Cabralea  Cangerana^  Heamia  sapindina^  DidytnockeUm  Lescke- 
nauUianum)  also  occur  in  this  tissue  ;  or  groups  of  prosenchymatous  cells  are 
found,  e.  g.  in  Sandoricum  indicum^  ChisocheUm  divergens^  and  Megaphyllaea 
perakensis. 

litermtnre  :  Vesqne,  App.  Uct  de  XHartigita^  etc,  Bull.  Soc  bot  de  Frmnoe  1873,  pp.  i^i-S* — 
Eogler,  Verw.-Verh.  d.  RoUc.  etc,  Halle  a.  S.,  1874,  p.  40.— Moller,  HoUaoat^  Denktchr.  Wic&er 
Akad.  1876,  pp.  84-7  and  380.— C.  de  Candolle,  in  Flor.  l>rasil.,  vol.  zi,  i,  1878,  p.  i66aiidTaf.  51, 
ii,  in  Suit,  an  rrodr.,  t.  i,  1878,  p.  404  and  M^.  Soc.  phja.  et  nat  de  Geneve,  L  szTi,  a,  1879, 
pp.  435  and  455  et  seq.  and  pi.  i.— Radlkofer,  Cupania,  Siu.-Ber.  Miinch.  Akad.  1870,  p.  593  cc  leq. 
— Moller,  Rindenanat,  i88a,  pp.  35^5.— Hohnel,  Sitz..Ber.  Wiener  Akad.,  Bd.  fmii,  AbC  1, 

1884,  p.  39.— Blenk,  Flora  1884,  p.  3^9  et  seq.,  separate  copy,  pp.  58-68. — Solercder,  Holntr., 

1885,  p.  9L — O.  Bachmann,  Flora  1880.  separate  copy,  p.  35.— -Solercder,  Veigl.  AnaL  der  Aiislo- 
lochiac,  Engler,  Bot.  Jahrb.,  Bd.  x,  1888,  p.  411.— KadUcofer,  Glied.  d.  Sapindac,  Sitx.-Ber.  MundL 
Akad.  1890. — Schimper,  Indomalayan.  Strandfl.,  Jena,  1891,  p.  16  and  Tal  vr. — Harms,  in  Katdrt 
Pflansenfam.,  3.  Teil,  Abt.  4,  1896,  pp.  a6o-i. 


CHAILLETIACEAE  (Dichapetaleae). 

This  Order  is  distinguished  by  a  series  of  anatomical  characters.    Among 
these  are :    the  stomata,  which  have  subsidiary  cells  parallel  to  the  pore^ 

and  occur  only  on  the  lower  side  of 
the  leaf ;  the  superficial  origin  of  the  cork ; 
the  pericycle  with  isolated  c^roups  of  pri* 
mary  bast-fibres  ;  the  usuaUy  simple  and 
only  sporadically  scalariform  perforations 
of  the  vessels  ;  the  bordered  pitting  of  the 
wood-prosenchyma  (according  to  Barth) ; 
the  hairy  covenng,  formed  solely  by  simple 
unicellular  hairs  (Fig.  46)  which  are 
characterized  by  small  conical  or  wart- 
shaped  excrescences  on  their  cell-walK 
while  glandular  hairs  are  absent.  Oxalate 
Fia  46.  Lower  epideniiit  oT  the  leaf  of  of  hme  is  deposited  in  the  form  of  clustered 
T^tmra  •msMcmm,  Poepp.  ct  EodL-OriKinai.    ^^  ordinary  Solitary  crystals.    Of  secre- 

tory  elements  we  may  mention  :  cells  with  mucilaginous  walls  in  the  epidermis 
of  the  leaf,  in  the  hypoderm,  and  in  the  ground-tissue  of  the  petiole  and 
branch  in  certain  members  of  the  Order,  as  well  as  lar^e  secretory  cells  with 
brown  contents,  which  occur  in  the  mesophyll  of  Chailletia  DtckapeUUum^ 

*  Except  the  spedet  dted  of  Nttrt^mma^  Utyma^   Fltpam,  EhUJUHm^  S^midm^  HmrmU^ 
Ckiwxyhm  and  i'limdtnU, 
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R.  Br.,  and  are  either  shaped  like  palisade-cells  or  are  spherical  to  ellipsoid 
in  fonn. 

In  amplification  of  the  preceding  anatomical  diagnosis,  the  following  facts 
may  be  added  in  accordance  with  Earth's  work  ^  and  my  own  observations '. 
The  leaf-sinicture  is  mostly  bifacial.  The  palisade-tissue  usually  consists  of 
short  cells  and  is  not  very  typical ;  the  spongy  parenchyma  is  sometimes 
wanting  {ChaUktia  cymosa^  Hook.,  according;  to  Barth).  According  to  Barth, 
the  occurrence  of  sclerenchyma-fibres,  which  run  free  in  the  mesophyll,  and 
branch  out  from  the  sclerenchyma  of  the  veins,  is  a  very  general  character, 
but  more  detailed  statements  on  this  subject  are  not  given  by  the  author. 
In  the  species  which  I  have  examined  more  thoroughly  (ChailUtia  Dicha- 
peUdum^  K.  Br.,  C.  gelonoides^  Hook,  f.,  and  Tapura  guianensis^  Aubl.)  these 
fibres  are  not  present.  In  C.  Dichapetalum  the  entire  mesophyll  contains  larc^e 
secretory  cells  which  possess  brown  contents,  and  in  the  palisade-tissue  mosUy 
have  the  form  of  enlarged  palisade-cells,  but  in  the  spon^  parenchjmfia  have 
a  rounded  outUne  ;  these  secretory  cells  were  incorrectly  mterpreted  by  Barth 
(kx:.  cit.,  p.  506  and  Fig.  11)  as  air-cavities  ('  lacunes  probablement  a6riferes '). 
Large  crystal-idioblasts  with  clustered  crystals  are  found  in  the  uppermost 
layer  of  the  pahsade-tissue  of  ChailUtia  vitiensis.  Seem.  The  epidermis  of  the 
leaf  either  consists  of  one  or  many  layers.  Hypoderm  is  described  by  Barth 
in  ChailUtia  Benthamii^  F.  Didr.,  and  numerous  species  of  Tapura  and 
Suphanopodium.  Mucilaginous  cells  occur  in  the  epidermis  of  the  leaf  in 
Tapura  ciliata^  Gardn.,  and  (according  to  Barth,  loc.  cit.,  pp.  516  and  498)  in 
the  hypoderm  of  species  of  Suphanopodium  and  Tapura.  It  may  be  added 
that  cells  with  a  mucilaginous  membrane  also  occur  in  the  primary  cortex  of 
the  branches  and  in  the  outer  ground-tissue  of  the  oetiole ;  in  the  latter  tissue 
in  Tapura  capiiulifera.  Bail!.,  Suphanopodium  Blancheiianum^  Baill.,  and 
S.  peruvianum,  Poepp.  et  Endl.,  Barth  has  met  with  peculiar  cells,  which  have 
thar  membranes  gelatinized  on  one  side,  and  become  secondarily  thickened 
like  stone-cells.  Stomata  occur  only  on  the  lower  side  of  the  leaf  and  have 
one  or  two  subsidiary  cells  on  each  side  parallel  to  the  pore,  in  the  species 
which  I  have  examined  with  regard  to  this  feature  {ChailUtia  Dichapetalum^ 
C.  getonoidts^  C.  pedunculata,  IX.,  Tapura  amazonica^  Poepp.  et  Endl.,  T, 
guianensis).  The  vascular  bundles  of  the  smaller  veins  are  accompanied  by 
sclerenchyma  in  ChailUtia  Dichapetalum  and  C.  gelonoides  and  also  in  Tatura 
guiantnsts.  The  hairy  covering  consists  exclusively  of  simple  unicellular 
clothing  hairs.  The  latter  (Fig.  46)  are  mostly  sclercnchymatous  and  vary  in 
length.  In  the  cases  investigated  by  me  (ChailUtia  mossambicensis^  Klotzsch, 
C.  pedunculata^  C.  vestita^  Benth.,  and  Tapura  amazonica)  the  waUs  of  the 
clothing  hairs  are  characterized  by  small  conical  or  blunt  papillae,  which 
become  solid  during  the  thickening  of  the  wall  of  the  hair.  They  are  either 
{T.  amazonica)  distinct,  recalling  a  similar  feature  in  certain  Amarantaceae 
{Iresin€)^  &c.,  or  are  only  just  visible,  and  in  that  case  are  noticeable  merely  as 
^mall  jagged  irregularities  on  the  longitudinal  wall. 

Tlie  following  facts  require  mention  regarding  the  structure  of  the  axis. 
The  cork  originates  quite  generally  in  the  subepidermal  layer  of  cells,  according 
to  Barth.  A  sclerotic  phelloderm  frequently  occurs  ;  frequently  also  stone- 
cells  are  present  in  the  more  or  less  collenchymatous  primary  cortex.     Isolated 


*  Aaat.  comp.  de  U  tige  et  de  U  femlle  do  TrigoniAc^  et  det  Chailletiac^et,  Bull  de  THerbier 
Ikwicr,  t.  IT,  1806,  pp.  497-520;  Earth  has  examined  rery  Domerons  tpeciet  of  the  three  genera 
{CMmUitia^  Sief^kamopoiiumy  Taj^ra);  his  tUtemenU,  howeirer,  leave  something  to  be  desired: 
Bbfth  did  not  tecogniie  the  uniform  type  of  stoma;  the  species,  in  which  he  found  the  various 
fcjlmi,  are  not  svstcmaticallT  quoted  in  connexion  with  the  latter. 

'  Sec  also  Soleicder,  Hofau.,  1885,  p.  96  and  Engler,  in  NaU  Pflanienfam.,  3.  Teil,  Abt  4» 
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groups  of  bast-fibres  appear  in  the  pericycle  throughout  *.  The  secondary  bast 
not  uncommonly  (SUthano^odium  Blanchetianum  and  5.  ptruvianum)  contains 
sclerenchyma.  In  CnaiUdia  crassifolia^  Chodat,  the  bast  is  said  to  penetrate 
the  xylem-mass  in  places  in  the  manner  of  bast -wedges.  The  xylem  consists 
of  vessels,  which  have  lumina  of  no  great  size  (maximum  diameter  1—048  mm.), 
of  wood-prosenchyma,  wood-parenchyma  and  medullary-ray- tissue.  According 
to  Barth,  side  by  side  with  narrower  (uniseriate  to  quacuiseriate)  medullary 
rays,  broad  rays  (as  much  as  ten  cells  .wide)  occasionally  also  occur,  the  celk 
of  which  are  irr^ularly  arranged.  The  perforations  of  the  vessels  arc  usually 
simple  and  eUiptical ;  in  addition  to  these  in  the  secondary  wood  of  Tapura 
guianensis,  AudI.,  scalariform  perforations  with  fairly  numerous  thin  bars  are 
found.  The  wood-parenchyma  is  usually  rather  abundant.  According  to 
Barth  the  wood-prosenchvma  has  bordered  pits  on  its  waUs  in  all  the 
members  of  the  Order.  I  have  myself  been  able  to  observe  distinct  and 
typical,  though  not  numerous,  bordered  pits  in  Chailletia  gelonoides  only.  The 
thickness  of  the  walls  and  the  narrowness  of  the  lumina  of  the  wood-fibres,  to 
say  the  least,  render  the  observation  of  the  borders  difficult. 


OLACINEAE. 

I.  Review  of  the  Anatomical  Features.  The  Olacineae  as  delimited 
by  Bentham  and  Hooker  in  the  *  Gen.  Plant.'  are  such  a  heterogeneous  Order 
in  relation  both  to  their  exomorphic  and  endomorphic  features,  that  I  must 
here  restrict  myself  to  a  bare  enumeration  of  the  anatomical  features. 

With  regard  to  the  leaf-structure  it  may  first  be  noted  that  the  stomata 
are  either  surrounded  by  several  ordinary  epidermal  cells,  or  are  accompanied 
by  two  or  several  subsidiary  cells  paraUel  to  the  pore  (OpUia).  Special  struc- 
tural features  of  the  leaf  occurring  in  this  Order  are :  gelatini^ation  of  the 
upper  epidermis  (species  of  ApodyUs^  Gomphandra  and  Mapjna) ;  development 
of  nypoderm  on  the  upper  side  of  the  leaf  (species  of  Anacalosa  and  Cathedra) ; 
papillose  differentiation  of  the  epidermis  on  the  lower  side  (species  of  Apodyies^ 
Eryihropalum^  Liriosma^  and  Otax) ;  occurrence  of  soUtary  crystab  {FklAoca'' 
lymna  GriffUhiana^  Mast.)  or  of  clustered  crystals  (species  of  Erythropalum  and 
Stromhosia)  in  the  epidermis  of  the  leaf  ;  occurrence  of  spicular  cells  (species  of 
Cathedra  and  Heisteria)  or  of  sderenchyma-fibres  (species  of  Desmosiachys^ 
Discophoray  Endusa)  free  in  the  mesophyll. 

As  to  the  structure  of  the  axis  it  may  first  be  pointed  out  that  the  members 
of  this  Order,  so  far  as  is  known,  possess  wood-prosenchvma  with  bordered 
pits.  The  perforations  of  the  vessels  vary.  In  the  tribe  Olaceae,  exclusively 
simple  {Olax^  Cathedra)  as  well  as  exclusively  scalariform  {Heisteria,  Endusa) 

gertorations  occur.  The  investigated  representatives  of  the  Opilieae  and 
hytocreneae  have  simple  perforations  only,  those  of  the  Icacineae  always  have 
scalariform  perforations,  either  alone  or  side  by  side  with  simple  openings. 
Diversity  is  also  shown  in  the  sire  of  the  vessels,  in  the  pitting  of  the  walls  of 
the  vessels  where  they  are  in  contact  with  ray-parenchyma,  and  in  the  amount 
of  the  wood-parenchyma.  The  development  of  cork  takes  place  superficiaUy. 
In  the  pericycle  one  finds  either  a  composite  and  continuous  ring  of  sderen- 
chjona  (in  most  of  the  genera,  see  structure  of  axis),  or  isolatecf  bundles  of 
bast-fibres  (Cardiopieris,  Olax),  or  a  loose  ring  of  bast-fibres  (Pyrenacantha). 


'  CkaiUttia  ^dmiis,  Km  fonns  tbe  only  ezoeptioo  tocording  to  Buth.  Bat  this  fpedit  htm 
alremdj  been  tiansliened  by  Knn  to  the  OUdncMi  gtam  Smre§sHgmm  m  S.  HhUe  (tee  HookVy  FL 
BriL  Isd.,  L  p.  594),  and  oootequeiitly  does  not  come  into  cooiidcrAtioo. 
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The  differentiation  of  the  internal  secretory  organs  is  very  varied.  Thus 
the  fdllowing  forms  occur :  mucilage-cells  (species  of  Agonandra  and  OpU%a\ 
secretory  cells  with  resinous  contents  (ObUia  amentacea,  Roxb.),  non-articu- 
lated laticiferous  tubes  (Heisieria),  articulated  laticiferous  tubes  (Endusa  and 
Cardiopteris)^  schizogenous  secretory  cavities  {Endusa^  Coula)^  lysigenous 
madlage-spaces  (axis  of  Phytocrene  macrophyUa^  BL),  mucilage-canals  {TrC' 
maiosperma  and  (?)  Cardiopieris), 

Oxalate  of  lime  is  excreted  in  the  leaf  in  the  form  of  ordinary  solitary 
or  clustered  crystals  or  crystal-sand  (the  last  only  in  ApodyUs  andamanica, 
Kurz,  and  Gcmpkatidra),  or  is  absent  (Opilieae).  In  the  genera  of  the 
Opilieae  {Cansjera^  Agonandra,  Lepionurus  and  Opilia)^  in  place  of  oxalate 
of  lime,  cystoliths  occur,  the  cells  which  bear  the  latter  (hthocysts)  lying  in 
twos  or  several  together  (Fig.  47,  A-B),  On  the  other  hand,  in  the  genera  of 
the  Olaceae  (Ximenia,  Olax,  Liriosma,  Cathedra^  and  Schoepfia),  solitary  silicified 
cells  or  groups  of  them  are  common  in  the  mesophyll. 

The  hairy  covering  usually  consists  of  simple  unicellular  hairs  of  varied 
length.  Special  forms  of  hairs  are  the  multicellular  trichomes  of  species  of 
Cansjera  (rig.  48,  A\  which  are  branched  hke  a  stag's  horn,  and  the  unicellular 
hairs  of  Cardiapteris  and  PlaUa  (Fig.  48,  B-C),  described  below.  In  PhyUh 
crene  tufted  hairs  occur,  in  PlaUa  (Fig.  48,  D)  multicellular  peltate  hairs 
lastly,  in  Gonocaryum  pyriforme,  Scheff.  (Fig.  48,  E-F),  Haberlandt  has  met 
with  peculiar  structures  to  be  classed  with  the  hairs,  which  serve  as  hydathodes 
and  are  sinde  metamorphosed  epidermal  cells. 

Anomalous  structure  of  the  axis  has  been  observed  in  some  Phytocreneac. 
Phytocrene  and  Pyrenacaniha  have  wedges  of  bast  in  the  xylem-mass,  similar 
to  those  of  certain  Bignoniaceae.  In  Phytocrene  a  second  anomaly  is  added  in 
the  thicker  branches,  viz.  the  occurrence  of  successive  rings  of  growth  (Fig.  49). 
Interxylary  phloem  is  met  with  in  Sarcosiigma  and  Chlamydocarya  ;  in  lodes, 
Natsiatum,  and  other  Phytocreneae,  unequal  increase  of  the  wood  is  found, 
which  may  become  obliterated  when  the  axis  attains  a  greater  thickness ;  besides 
this,  in  lodes  tomentella,  Miq.,  there  arc  medullary,  inversely  orientated,  vascular 
bundles. 

2.  Structure  of  the  Leaf.  The  very  varied  structural  features  of 
the  leaf  have  formed  the  subject  of  a  treatise  by  Edelhof!  \  from  which  the 
following  statements  are  chiefly  taken. 

In  most  members  of  the  Order  the  leaf-tissue  is  bifacial  in  structure. 
Edelhoff  describes  centric  leaf-structure  in  Ximenia  coriacea,  Engl.,  Olax 
strida,  R.  Br.,  and  OpUia  amcntacea,  Roxb.,  only.  In  most  cases  the  stomata 
are  found  only  on  the  lower  side  of  the  leaf ;  they  occur  on  both  sides  in 
Ximenia,  species  of  Olax,  and  in  Cansjera  parvifolia,  Kurz.  Edelhof!  makes  no 
statement  as  to  the  grouping  of  the  epidermal  cells  which  border  on  the  guard- 
cells.  It  may  therefore  Ixj  mentioned  that,  according  to  my  own  observa- 
tions, the  stomata  are  surrounded  by  3  or  4  epidermal  cells  (not  differentiated 
by  their  shape)  in  Lasianihera  apicalis,  Thw.,  by  3  in  Gomphandra  axillaris. 
Wall.,  and  Alsodeiopsis  Weissenborniana,  F.  Br.  et  K.  Schum.,  while  the 
stomata  of  Opilia  amentacea,  Roxb.,  are  accompanied  by  2-4  subsidiary  cells, 
which  are  parallel  to  the  pore.  Mucilaginous  epidermal  cells  have  been 
observed  by  Edelhof!  in  all  the  species  of  Gomphandra  and  Apodytes  investi- 
gated by  him  as  well  as  in  Mappia  oblonga,  Miers.  In  the  three  investigated 
!»pecies  of  Cathedra  and  in  Anacoloaa  Griffithii,  Hook.  Catal.  the  presence  of 

•  Tbc  following  generm  were  invcitiKatcd :  in  tribe  i,  OUceae :  Afiandra,  Heisteria,  Ximtnia, 
OImM,  Linssma,  Erythrtpmium,  Stromhosia,  Cathtdra,  Antuolcsa,  Scko€pfia\  io  tribe  ii,  Opiliefte: 
Cmm^frm,  AgmmmJra,  Lipitnurus^  Opilia  \  in  tiibe  iii,  Icju:inctc  :  (Umpkandra,  Dtsmcstatkys, 
Aptdpttt,  M^ppU,  FmrofUiiba,  Emmotum,  /cacina,  PkUboioiymma,  VilUrtiia,  Casjimsptis ;  Kdcl- 
bofl*s  ittcarcbcf  did  not  tstend  to  tribe  ir,  the  Phytocreneae. 
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hypoderm  on  the  upper  side  of  the  leaf  is  mentiooed  by  Edeifaoff.  The  epi- 
dennal  cells  on  the  lower  side  of  the  leaf  are  jppSkxAy  difiere&tiated  in 
many  species  of  Olax  {O.  acuminaia^  Wall^  O.  BetUkmmismm,  Hiq^  O.  mmrnm. 
Wall.,  6.  FhyllarOhi,  R.  Br^  O.  satndens,  Roxb^  O.  sihcU,  R.  Br^  bat  not  in 
O.  Wigkiiana^  Wall.,  and  O.  zeylanica^  h\  also,  in  LtriosflM  Pokiumm^  Ea^.« 
Erytkropalum  icatuUns^  BU  and  Apodytes  dimidiaia^  £.  Mey.  In  certain  speaes 
iHanched,  or  rarely  {Heisieria  SpruuanA,  Engl.)  onbranchedL  spknlar  cdb  are 
foand  in  the  mesophyll  (e.  g^  in  HeisUria  brasUiensiu  Ensl.,  H.  dtrifoliA^  Eo^-, 
H.  cyanocarpa^  Poepp.  et  Endl.,  H,  densifrons^  En^.«  if.  fUxmos^  En^.,  H. 
KappUri,  Sagot,  H.  laxiflora,  Engl.,  tf.  avaia^  Benth^  tf.  5^f»cAra«,  Engi.« 
but  not  in  H.  actUa^  Enfl. ;  and  in  Cathedra  acuminata^  Miexs),  or  one 
meets  with  sclerenchyma-fibres,  which  have  a  free  couise,  e.g.  in  Desmth 
sUckys  Rensckii,  O.  Hofim.,  Discaphora  gmanensis^  Miers,  and«  according  to 
Radlkofer,  in  Endusa  pundaia^  Radlk.,  and  according  to  Haberlandt  in  (jinO' 
caryttm  pyriforme^  Scheff.  As  regards  the  structure  of  the  smaDer  vciiia, 
their  vascular  system  is  either  enclosed  by  a  ring  of  sckrenchyma,  or  is 
accompanied  only  by  a  few  sderenchyma-fibres  or  by  ctrfknchymatoos  tissue. 
The  detailed  structure  of  the  sderenchyma-hbres  in  the  veins  of  Ewumoimm  is 
remarkable  ;  the  walls  of  the  fibres  are  provided  with  numeroos  obbqoe,  sht- 
shaped  and  spirally  arranged  pits  in  such  a  manner  that  the  fibres  appear  as 
though  spirally  thickened.  Edelhoff  has  observed  strongly  developed  tenmnal 
tracheides  in  species  of  the  genera  Ximenia^  Schoepfia,  Aganandra^  and  PkUbo- 
calymna.  According  to  Van  Tieghem  in  the  genera  of  Opilieae  {Agamamdra^ 
Cansjera^  Lepionurus,  and  Opilia),  a  branched  anastomosing  system  of  boodles, 
composed  of  reticulately  or  spirsdly  thickened  and  lignified  ceOs  (*  tissa  d'im- 
gation  ' ')  runs  between  the  veins,  similar  to  that  which  has  been  observed  m 
the  leaves  of  Cycas  and  Podocarpus. 

Internal  secretory  organs  are  present  in  very  varied  forms,  bat  only  have 
a  small  range  within  the  Order.  They  occur  as :  cells  with  mndlagiiioas 
membranes,  secretory  cells,  non-articulated  latidferous  tubes,  articolated 
latidferous  tubes,  schizogenous  secretory  cavities,  lysigenoos  gum-reccptadcs 
and  mudlage-canals. 

Mncilage-cells  have  been  observed  by  Edelhoff  in  the  spongy  paienchyma  of 
Agonandra  brasiliensis,  Miers,  and  Opilia  umbeiiulaia,  BailL,  secretory  oeOi  with  a 
finelv  granular  secretion,  which  stains  with  iodine-solntion  and  is  with  dificolty 
tolable  in  alcohol,  in  the  lowest  layer  of  the  spongy  parenchyma  in  OpUim  amtmtmftM, 
Roxb.  Noo-articulated  laticiferous  tubes  are  found,  according  to  Radlkoier  and 
Edelhoff,  in  all  the  investigated  species  of  Heisieria^  They  have  resin-like  oootents, 
and  in  some  cases  run  independently  of  the  veins  freely  in  the  spongy  tnrae,  in 
other  cases  they  accompany  the  bundle-system  of  the  veins.  They  are  Irequenthr 
to  be  recognized  even  with  a  lens  as  a  network  of  transparent  hnes  in  the  lesL 
Other  laticiferous  elements,  which,  although  without  distinct  ardculatinn.  most 
be  interpreted  as  articulated  laticiferous  tubes  on  account  of  their  reticulate 
connexions,  have  been  observe  by  Radlkofer  in  the  genus  Endusa  (with  the  ^mes 
E.  punctata,  Radlk.),  which  be  has  rescued  from  obhvion.  In  this  plant  the  latici- 
lerous  vessels  traverse  not  only  the  leaves,  but  also  the  branches  and  the  parts  of 
the  flower.  In  the  branch  they  are  present  in  the  bast ;  in  the  leaves  they  cbaeAy 
accompany  the  larger  vascular  bundles,  but  are  occasionally  also  found  nee  Irom 
the  latter  in  the  leaf-tissue.  Like  those  of  Endusa,  the  latidferoos  ekmcnU 
(investigated  in  detail  by  Thouvenin)  of  the  genus  Cardiopteris  (with  the  ^ecies  C. 
iob€iia),  in  which  a  '  succus  aqueus '  had  previously  been  mentioned  by  MOtham 
and  Hooker,  must  also  be  classed  among  the  articulated  laticiferoas  tubes  '  •  for 


*  In  put  pcrhapt  tdcnticml  with  EdeUioff*t  tenninal  trachcidesf 

*  Eaglet  C$itz..ficr.  Berliner  Aknd.,  1893,  p.  267)  deacribct  the  Kcretory 
in  qncsUoo  ai  *  apparently  non-afticalat«d  buictfoou  tabes*  ('  wie  ct  icheiM, 
laftachliachc'). 
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they  are  narrow  tubular  elements,  which  arc  only  slightly  branched  and  exhibit 
(this  being  the  essential  feature)  transverse  anastomoses.  The  laticiferous  tubes 
of  Cardiopteris  form  three  separate  systems  in  the  stem — in  the  peripheral  part  of 
the  pith,  in  the  bast,  and  in  the  primary  cortex,  and  occur  also  in  tne  fMstiole  and  the 
veins  of  the  leaf.  According  to  Raalkofer  the  occurrence  of  apparently  schizo- 
senons  secretory  cavities,  provided  with  a  small-celled  epitheUum,  in  the  genus 
Emdusa^  which  is  also  characterized  by  the  possession  of  laticiferous  tubes,  is  very 
remarkable.     These  secretory  cavities  are  found  in  the  spongy  parenchyma  ;  after 

Gotracted  action  of  eau  de  Javelle,  a  portion  of  their  contents  becomes  coloured 
ae  in  consequence  of  the  conversion  of  a  body  (indican?),  contained  in  the  secre- 
tion, into  indigo,  while  another  portion  disappears.  According  to  Van  Tieghcm, 
schizogenous  secretory  receptacles  are  present  also  in  the  genus  cou/a,  Baill.,  which 
b  referred  to  the  Olacincae,  in  the  tissue  of  the  leaf  and  cortex.  Lysigcnous 
receptacles  with  mucilage  and  gum  have  been  observed  by  Robinson  in  the  soft 
tissnes  of  the  stem  of  Phytocrene  mctcrophylla.  They  form  large  cavities,  filled  with 
a  tenacious  gum-Uke  substance.  The  secretion  possesses  strong  fluorescence ;  thus 
it  appears  pale  brown  by  transmitted  hght,  bluish-white  by  reflected  Ught.  Whether 
this  secretion  has  anything  to  do  with  the  sap  which  the  Uving  plant  yields  on 
injury,  and  to  the  abundance  of  which  the  genus  Phytocrene  owes  its  name,  is  very 
doubtful,  as  many  stems — especially  when  young,  but  sometimes  older  specimens 
abo^are  destitute  of  the  secretory  receptacles  in  question.  Lastly,  the  mucilage- 
canals  of  TremaSosperma,  obser\'ed  by  Engler,  may  be  mentioned  in  connexion  with 


Pia  47.    A-B.  A  CToap  of  c]rttoliths  and  a  fwir  of  cyvtolitbt  from  the  cneaophjll  of  Cmmt/erm  timtartnsit. 
—After  Van  Ticgbem. 

the  gum-receptacles  of  Phytocrene  ;  it  does  not  appear  clearly  from  Eiujlcr's  state- 
ments whether  the  '  lysigenous  canals,'  which  arc  described  by  him  in  Cardiopteris^ 
and  arise  secondarily  on  the  inner  side  of  the  vascular  bundles  of  the  axis,  should 
also  be  classed  here. 

Oxalate  of  lime  is  present  in  the  leaf  in  the  form  of  solitary  crystals,  clus- 
tered crystals,  or  crystal-sand,  or  is  absent  (the  latter  in  the  genera  of  Opilieac  : 
Cansjera^  Agonandra^  Lepionurus  and  Opilia^  which  are  characterized  by 
cystoUths ;  sec  below). 

Edelhoff  describes : — I.  soHtary  crystals  in  :  Aptandra,  Heisteria^  species  of 
0/djr,  Erythropalum^  species  of  Cathedra^  Anacolosa,  species  of  Mappia^  species  of 
Powaqtutba,  Icacina,  Phlebocalymna,  species  of  Villaresia  ;  II.  clustered  crystals  in  : 
A'fiiuffia,  species  of  0/a;r,  Liriosma,  I£rythrot>aJum,  Strombosia^  Cathedra  J)esmo5tachys, 
ApodyUs  acuiifoiia,  Ilochst.,  species  of  Mappia^  Discophora,  species  of  Pora^fueiba^ 
Emmufium,  species  of  Villaresia  ;  III.  cr>'stal-sand  in :  Oomphandra  (in  this  case 
sometimes  surrounding  sohtary  crystals)  and  Apodytes  andamanica,  Kurz.—In 
the  epidermis  of  the  leaf  sohtary  crystals  are  present  in  Phlebocalymna  Griffith' 
tmna.  Mast.,  clustered  crystals  in  lirythropaium  scandens^  Bl.,  and  Strombosia 
isvsnica^  Bl. 

Two  very  noteworthy  anatomical  features  in  this  Order  arc  the  occur- 
rence of  c>*stolith-Uke  structunes,  encrusted  with  carlwnate  of  lime,  and  of 
silicified  cells.  The  cystolith- like  excretions  (Fig.  47,  A-B)  are  present  only 
in  the  members  of  the  tribe  Opilieae  {Cansjera^  Agonandra^  Lepionurus^  and 
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OpUia  ^).  They  were  discovered  almost  simultaneously  by  Edelhoff  and 
Valeton  ;  recently  they  have  also  been  described  by  Van  Tieghem.  In  the  leaf 
the  cystolith-containing  cells  are  arranged  in  pairs  or  in  groups  of  several ;  at 
corresponding  points  of  the  common  wall  between  two  of  these  cells  a  stalk 
arises;  this  is  either  impregnated  with  silica  or  lignified,  variously  shaped 
at  its  end,  and  of  varied  breadth,  and  around  it  crystallization  of  carbonate 
of  hme  takes  place,  occasionally  in  the  form  of  beautiful  tabular  crystab. 
According  to  Van  Tieghem  these  cystohths  are  also  found  in  the  parenchy- 
matous tissues  of  the  axis,  and  it  is  specially  noteworthy  that  he  even  met  with 
them  in  the  wood  (in  Cansjera). 

The  silicified  cells  are  described  by  Edelhoff  in  Ximenia  americana^  L., 
X.  coriacea^  £ngl.,  in  numerous  species  of  Olax  •  (0,  acuminata^  Wall.,  O.  nana^ 
Wall.,  O.  scandens,  Roxb.,  0,  stricta,  R.  Br.,  O.  Wighiiana,  Wall.,  and  0.  xey- 


Pig.  4S.    Hairy  eoveriag  oT  the  Oladoeae.    A,  CM$9f$rm  ^•roi/hrm.  Kan;  B^,  PUim  i 
Hydalbodn  of  Gomiocmryum  pjriformt^  ScbdL— A-o  orifiaal,  B-r  after  Haberlaadt. 

lanica,  L.),  for  Liriosma  (L.  acuta^  Miers,  L.  adhaerens^  Spruce,  L.  ^aniifiora^ 
Engl.,  L.  ovata^  Miers,  and  L.  Pohliana^  Engl.),  for  Cathedra  Gardnenana^  Miers, 
C.  rubricaulisy  Miers,  and  in  Schocpfia  (5.  arborescens^  Roem.  et  Schalt.» 
S.  chrysopkylloides^  Planch.,  S.  fra^rans.  Wall.,  S.  jasminiadara^  Sieb.  et  Zucc). 
They  either  form  cell-rows,  or  cdl-surfaces,  or  spherical  cell-groups,  or  they 
may  be  present  singly.  Sometimes  all  their  waJls  are  silicined :  the  whole 
cell  is  silicified ;  or  the  thickening  and  silicification  extend  only  to  a  portion  of 
the  cell- wall. 

As  regards  the  hairy  covering  of  the  leaf  (Fif .  48)  simple  unicellular 
hairs  of  varied  length,  not  imcommonly  occur,  according  to  Eaelhoff*s  state- 
ments (species  of  Liriosma,  Mappia,  Gomphandra,  ApodyUSy  Paraqueiba^  Disoh 
phora^  Emmoium,  ViUaresia),    The  trichomes  of  ViUaresia  are  found  in  smaD 

1  The  Opilia  CumUmgiam,  UailL,  cited  by  Edelhoff  (loc.  dL»  p.  135),  in  which  cyitrfMi4ike 
ftrnctnrei  are  absent  in  the  leaf,  it  not  an  O^dhm.  bat  belongs  to  the  genns  CMmm^ertm,  (Rcfinlfaif 
this  (^os,  which  in  part  likewise  possesses  cystolith-like  stnictiires  and  which  has  been  icmoftd  hf 
recent  anthors  to  the  Oladneae,  see  the  appendix  to  the  Santalaceae,  to  which  it  b  idcfied  bj 
Bentham  and  Hooker.) 

*  Blenk  (loc.  cit)  wroo^j  intcrpceted  the  siliceous  cells  of  the  spedcs  of  OhM  aa  1 
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depressions  of  the  surface  of  the  leaf.  Edelhofi  has  described  multicellular  hairs, 
branched  like  a  stag's  hom  (Fig.  48,  ^4),  as  occurring  in  Cansjera  parvifolia^ 
KuTZ,  and  C.  scandens^  Roxb.  From  personal  observation  I  can  add  two  further 
special  forms  of  hairs,  both  of  which  occur  in  Platea  exctlsa^  Bl.  :  firstly,  short 
compressed-spherical  unicellular  hairs  (Fig.  48,  B-C),  which  have  quite  a  small 
insertion  in  the  epidermis  and  possess  a  fairly  thick  external  wall,  and  secondly, 
peltate  hairs  with  jagged  outhne  (Fig.  48,  Z>),  and  thin-walled  ray-cells  whidh 
meet  along  a  median  line.  Likewise,  according  to  my  own  observations,  I  may 
mention  the  tufted  hairs  of  Phytocretu  bracUaia^  Wall.,  and  the  unicellular 
hairs,  which  are  swelled  like  bladders,  pointed  at  their  ends,  and  apparently 
have  a  glandular  function,  of  Cardiopteris  Rumpkii^  H.  Baill.,  y  lobata,  Baill. 
(Zollinger,  No.  446,  Java,  Herb.  DC.). 

With  the  trichomes  we  may  also  class  the  curiously  dififerentiated  epidermal 
cells  (Fig.  48,  £-F),  which  were  discovered  by  Haberlandt  in  Goniocaryum  pyri/orme^ 
Scheff.,  and  which  physiologically  represent  hydathodes — organs  for  the  excretion  and 
absorption  of  water.  Each  of  these  epidermal  cells  is  dififerentiated  into  three  parts  ; 
firstly,  into  (a)  a  very  short  hair-Uke  portion,  which  springs  eccentrically  from 
the  tbdck  external  wsdl,  is  traversed  by  a  delicate  canal  and  is  mucilaginous  at  its 
tip,  while  the  epidermal  cell  itself  (which  is  provided  with  a  large  nucleus  and  a 
fairly  well  developed  primordial  utricle)  is  divided  into  (6)  an  upper  part,  which  has 
the  form  of  a  4-6-sidra  funnel  ^-ith  its  narrow  opening  downwards,  a  thick  cellulose 
ring  forming  a  border  to  the  latter,  and  (r)  a  lower  thin -walled  bladder-like  portion. 
The  small  ovoid  bodies,  which  occur  at  the  ends  of  the  veins  in  the  leaf  of 
Tremaiosperma  cordatum,  Urb.,  and  species  of  Pyrenacantha  (P.  scandens,  Harw,  and 
P,  wuUva£/oiia,  EngL).  also  serve  for  the  excretion  of  water.  According  to  Engler, 
these  glandular  bodies  enclose  a  cavity,  which  is  elongated  like  a  canal  and  opens 
on  the  exterior  by  means  of  a  narrow  sUt-shaped  aperture  at  the  tip  of  the  gland ; 
the  epidermis  bears  short,  club-shaped,  ver>'  thin-walled  trichomes  in  the  lower 
part  of  the  cavity.  The  wall  of  the  cavity  which  forms  the  main  mass  of  the  gland 
consists  chiefly  of  parenchyma,  and  around  the  canal  this  shows  an  arrangement 
in  radial  cell-ro^-s,  and  is  traversed  in  its  outer  portion  by  bundles  of  tracheides, 
which  are  inserted  on  the  vascular  bundles  of  the  veins  of  the  leaf  (cf.  Fig.  8» 
Engler,  loc  cit.). 

3.  Strixture  of  the  Axis.  The  account  I  give  of  the  structure  of  the 
wood  is  essentially  based  on  the  obser\'ations '  set  forth  in  my  *  Holzstruktur.' 
The  medullary  rays  vary  in  breadth.  The  vessels  have  lumina  of  various  sizes. 
The  width  of  the  vessels  is  usually  of  medium  dimensions  (diameter  » -078  mm.) ; 
the  vessels  of  the  t\%ining  or  climbing  spedes  of  Pkytocrene  and  Naisiaium^ 
for  example,  have  a  much  larger  lumen  (diameter  as  much  as  -22  mm,). 
The  pitting  of  the  vessel-wall,  where  it  is  in  contact  with  parenchyma  of 
the  medullary  rays,  is  not  always  the  same  :  bordered  pits  alone  occur 
on  this  part  of  the  wall  in  the  species  of  Olax^  Cansjera,  Opuia,  Gomphandra, 
Detmostachys^  ApodyUs  and  Sarcostigma  that  I  have  examined,  while  in 
HeisUria  and  Endusa  there  are  chiefly  simple  pits,  and  in  Pora^fueiha  simple 
as  well  as  bordered  pits.  Lastly,  on  the  vessel-walls  touching  the  ray- 
parenchyma  in  Cathedra  rubricatdis,  Miers,  side  by  side  with  bordered  pits,  large 
circular  simple  pits  are  met  \%ith  in  places  ;  these  latter  appear  hke  simple 
circular  vessel-perforations  and  in  some  cases  are  even  apparently  of  the  nature 
of  true  perforations.  The  perforations  of  the  vessels  present  just  as  httle  uni- 
formity as  the  anatomical  characters  of  the  wood  already  mentioned.  Among 
the  members  of  the  tribe  Olaceac,  investigated  by  me,  Olax  and  Cathedra  possess 
only  circular  or  eUiptical  simple  perforations  ;  Heisieria  and  accoroing  to 
Radlkofer  Endusa  also,  have  exclusively  scalariform  perforations.     In  the 

*  Species  of  the  followias  genera  were  inTestigated :  Hiisttrim,  Oi^x  and  CsiJktdrm  of  the  tribe 
OUone;  Cmu/erm  and  (^iUm  of  the  tribe  OpiUeae;  C§m/JUmitm^  DeswmtmcJ^s,  Ap^i]^  and 
P^rmfmrnkm  of  the  tribe  leadaeae;  Phj^e^tfuu  and  SmrtmHimm  of  the  groap  Phjrtoacncne. 
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investigated  species  of  the  tribes  Opilieae  and  Phytocrencae  I  have  met  with 
simple  perforations  oiily.  Engler  also  describes  the  latter  type  exclusively  in 
his  groups  lodeae  (Naisiatum^  lodes^  Polyporatidra)  and  Phytocreneae  {TremaUh 
sptrma,  Miquelia^  Pyrenacantha^  Phytocrene^  CUamydacarya)^  as  well  as  in 
dardiopteriSj  genera  which  are  referred  by  Bentham  and  Hooker  to  the  Phyto- 
creneae. Scalariform  perforation  of  the  vessels  is  characteristic  of  the  Icacineae. 
The  representatives  of  this  tribe  which  I  have  investigated  have  either  scalari- 
form perforations  throughout  (ApodyUs^  Poraqueiha)^  or  the  scalariform  and 
simple  types  side  by  side  (Gomphandra^  Desmosiachys),  Scalariform  perforations 
always  occur,  although  they  are  sometimes  restricted  to  the  neighbourhood  of  the 
primary  wood,  e.  g.  m  Desmostachys  Renschii^  Hoffm.  A  much  larger  number 
of  genera  of  Icacineae  (namelv  Cassinopsis^  VUlaresia^  Ckariessa^  PlaUa^ 
Alsodeiopsis,  Leptaulus,  LasiatUhera,  SiemonuruSy  Urandra,  ApodyUs^  Raphuh 
styles^  Desmostachys^  Pennanlia,  Kummeria^  Mappia^  Lefciia^  Icacina^  Emmotum^ 
and  Poraqueiba)  has  been  examined  in  this  respect  by  Engler,  and  here  also 
scalariform  perforations  were  alwavs  found.  Spiral  striation  of  the  walls  of 
the  vessels  has  been  observed  in  Opilia  amentacea^  Roxb.  The  wood-paren- 
chyma is  developed  in  very  varied  amount,  very  abundantly  for  examide  in 
Caihcdra  rubricaulis  ;  in  Opilia  amentacea^  on  the  other  hand,  not  specially  so. 
The  wood-prosenchyma,  so  far  as  it  has  been  examined  (by  Engler  as  wdl  as 
by  me),  bears  bordered  pits  ;  the  borders  of  the  pits,  however,  are  not  ahu^ys 
easy  to  see,  e.  g.  in  Cathedra  rubricaulis^  where  the  wood-fibres  have  thick  walls 
and  narrow  lumina.  Lastly,  it  remains  to  be  mentioned  that  the  innermost 
part  of  the  wood  in  all  the  Ph3rtocreneae  is  poor  in  vessels  and  forms  what  is 
called  ring-wood  (see  Robinson  and  Engler,  loc.  cit.). 

The  foUowing  facts  are  known  as  to  the  structure  of  the  cortex.  The 
formation  of  cork  taJces  place  in  the  epidermis  in  the  cases  investigated 
(species  of  Opilia^  Lasianthera^  ApodyUs^  PennarUia^  Phytocrene^  lodes^  Tre- 
maiosperma).  The  cork-cells  sometimes  (Lasianthera^  Apodytes^  PennamHa) 
have  strongly  thickened  inner  tangential  waUs.  The  pericyde  varies  io  its 
constitution.  It  either  contains  isolated  bundles  oT  bast-fibres  (Olax  scaniens^ 
Roxb.,  Cardiapteris  lohata^  Wall.),  or  a  loose  ring  of  bast-fibres  (Pyrenacaniha 
volubilis.  Hook.),  or  very  frequently  a  composite  and  continuous  ring  of 
sclerenchyma  (in  Opilia  ametUacea^  Koxb.,  Gemphandra  axillaris^  Wall. ;  ac- 
cording to  Engler,  in  Villaresia  paniculala,  Miers,  Plaiea  excelsa^  Bl.,  Lepiatdus 
daphnoidesy  Benth.,  Gonocaryum  gracile^  Miq.,  Emmotum  fapfolium,  Desv., 
Poraqueiba  guianensisy  Aubl.,  Urandra  apicalis^  Thw.,  Rafmiosiyles  Paggei. 
Engl.,  Pennanlia  Endlicheri,  Reiss.,  also  in  lodes  and  Polyporandra^  and  ac- 
cording to  Van  Tieghem,  quite  generally  in  Cansjera,  Opilia^  Agonandra^ 
and  Lepionurus).  According  to  Van  Tieghem,  secondary  bast-fibres  arc  com- 
pletely absent  in  the  Opilieae.  In  the  young  twining  branches  of  the  Phyto- 
creneae the  middle  part  of  the  primary  cortex  is  frequently  differentiated 
as  collenchyma.  In  the  older  stems  of  Phyiocrene  macrophylla^  Bl.,  and 
Chlamydcarya  Soyauxii,  Engl.,  this  coUenchjmfia  graduates  outwards  into  a 
sclerenchymatous  sheath  (Engler). 

Anomalous  structure  of  the  axis  is  only  known  with  certainty  in  represen- 
tatives of  the  tribe  Phytocreneae.  According  to  H.  Schenck,  the  thick  liane- 
stems  of  Olax  scandens,  Koxb.,  and  Cansjera  Futeedii^  Gmel.,  appear  to  be  normal 
in  structure.  In  the  few  dimbing  Icadneae,  Ukewise,  no  dennite  anomalies  of 
stem-structure  are  known.  Possibly,  however,  the  two  stems,  collected  by 
H.  Schenck  and  mentioned  by  him  in  his  discussion  of  the  Icadneae,  may 
belong  to  this  tribe  ;  they  possess  narrow  secondary  rings  of  wood  and  bast, 
similar  to  those  found  in  the  genus  Securidaca  among  the  Polygaleae. 

Of  the  anomalies  demonstrated  in  the  Phytocreneae,  the  uneven  develop- 
ment of  the  secondary  wood  must  be  placed  in  the  first  rank ;  this  is  dearly 
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mpparent  in  the  younger  branches,  but  may  become  lost  in  older  stems  by  the 
adjustment  of  cambial  activity. 

Robinson  made  a  detailed  investigation  of  this  unequal  development  of  the 
wood  in  lodes  tometUella,  Miq.,  /.  ovo/is,  BL,  and  Naisiatum  herpeticum,  Buch.-Ham., 
and  Engler  has  since  shown  that  the  same  type  occurs  also  in  Polyporandra  and 
in  the  Fbytocreneae,  Engl,  (see  above).  In  the  lodeac  (I odes ^  Polyporandra^  and 
NmUiaiurm)  the  cambium  produces  abundant  secondary  wood  with  vessels,  having 
wide  lumina,  on  the  extenor  of  the  above-mentioned  ring- wood  '  (which  encloses 
the  primary  vesseb  and  the  pith  internal  to  the  latter),  but  only  on  the  two  opposite 
sides,  which  he  in  the  long  axis  of  the  elliptical  transverse  section  ('  interfoliar 
sides,'  in  so  far  as  they  bear  no  leaves  at  the  node  next  above) ;  between  these,  on 
the  broAd  sides  ('  foliar  sides  ')  of  the  branch,  the  formation  of  wood  la^ ;  here  only 
a  little  unh^hcd  (lodes  tomentella,  Miq.)  or  lignified  (/.  ovalis,  Bl.,  Polyporandra 
Hamsemanm,  Engl.)  xylem-tissuc  is  formed.  According  to  Engler,  it  is  quite  general 
in  the  Phytocreneae,  Engl.,  for  the  development  of  wood  with  large  vessels  to  take 
plaoe  exclusively  or  principally  on  the  interfoUar  sides,  while  on  the  fohar  sides  the 
bast- tissue  is  more  abundantly  developed. 

In  lodes  tomenUlla  (but  not  in  /.  ovalis)  a  second  anomaly  appears,  seated  in 
the  pith,  in  the  form  of  medullary  vascular  bundles,  which  are  inversely  orientated 
with  regard  to^the  position  of  their  xylem  and  phloem,  and  which  by  their  structure, 
as  well  as  by  their  origin,  recall  the  well-known  medullary  bundles  of  Tecoma 
radicans.  Even  in  the  young  stem  of  /.  tomentella  the  pith  is  encroached  upon 
by  two  strips  of  soft  bast,  which  lie  opposite  to  one  another,  are  directed  towards 
the  narrow  sides  of  the  stem,  and  grow  m  thickness  by  means  of  a  special  cambium ; 
these  cambial  layers  only  produce  some  few  trachcides  towards  the  outer  side,  but 
on  the  inner  side  ^ve  rise  to  abundant  phloem  which,  opposite  each  cambium,  is 
lonned  in  two  portions  separated  by  a  stnp  of  parenchyma. 

Sarcostigma  Kkinii^  Wight  et  Am.,  as  I  have  already  pointed  out  in  my 
•  Holzstniktur,'  possesses  another  anomaly  in  the  structure  of  its  stem,  namely 
interxylary  phloem,  and  the  same  occurs  in  Chlamydocarya  Soyauxii,  Engl., 
and  C.  Thomsoniana^  Baill.,  according  to  Engler's  recent  observations.  Accord- 
ing to  Chodat,  the  islands  of  soft  bast  in  Sarcostigma  are  given  off  from  the 
inner  side  of  the  cambium. 

In  the  genus  Phytocretu  (Fig.  49)  the  occurrence  of  wedges  of  bast,  which 
penetrate  into  the  xylem-mass,  is  specially  characteristic. 

These  bast- wedges  have  been  described  by  earhcr  authors  (Mcttenius,  Mohl, 
De  Bary)  in  an  undetermined  species,  and  have  rccenthr  been  very  accurately 
investigated  by  Robinson  in  Phytocretu  macrophylla^  Bl.  Their  formation  proceeds 
in  the  following  manner.  At  first,  during  growth  in  thickness,  the  stem  produces 
ring-wood  with  small-lumcned  vessels.  Then  the  formation  of  erooves  begins; 
longitudinal  strips  of  the  cambium  diminishing  their  wood-producing  activity. 
whilst  in  the  grooves  of  the  wood  thus  resulting  so  much  the  more  soft  bast  is  formed 
externally.  In  this  manner  the  cambium  is  split  up  into  two  kinds  of  longitudinal 
strips,  of  which  those  found  at  the  bottom  of  the  grooves  produce  but  htUe  wood, 
poor  in  vesseb,  while  forming  much  bast-tissue  ;  the  other  strips  of  cambium, 
lying  between  the  increasing  wedges  of  bast,  produce  much  wood,  rich  in  large 
vessels  on  the  inner  side,  and  on  the  outer  side  only  a  small  amount  of  soft  bast. 
The  plates  of  bast  (Fig.  49,  B)  consist  of  sieve-tubes  with  wide  lumina  and  oblique, 
scalariform  sieve-plates  ^  companion  cells,  ftbrous  cells  *  with  thick  walls,  and  sbort- 
membered  sclerenchyma.  The  soft  bast,  formed  on  the  outer  side  of  the  projec- 
tions of  the  wood,  contains  only  sieve-tubes  and  bast-parenchyma.  The  number 
of  the  wedges  of  bast  amounts  to  5-17  in  Phytocrene  macrot>hylla.  From  a  syste- 
matic point  of  view  it  is  worthy  of  note  that  I  also  met  witn  the  wedges  of  bast  in 
question  in  the  two  species  represented  in  the  Munich  herbarium,  P.  bracteaia^ 

*  AeoordiDg  to  Eogler  hieTc-platet  of  this    kind  are  very  common   throughout  the  Phyto- 

'  Eag ler  iaterprcti  theM  fibrous  cells  as  '  tracheidcs '  for  reasons  which  are  not  known  to  me, 
aad  dcsoibct  the  pUtet  of  bast  in  PkrUcrau  as  '  leptoro-hadrom-strands.*  En{;ler  has  obsenrcd 
vailar  '  tnchcidet  In  the  bast-tissue  01  the  remaining  rhytocrcneae,  Engl.,  hence  these  elements  or 
the  kptoiB  hadiwn  itrsiidi  respectively  are  characteristic  of  the  Thytocreneae,  Engl. 
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WalL,  and  P,  hirsuia,  BL,  and  likewise  in  the  following  species  seen  in  the  De 
Candolle  herbarium :  P.  giganiea.  Wall.  (WaUich  no.  4946),  P.  luxanUnsis^  Baill. 
(Llanos),  P.  palmala,  WalL,  and  P.  obionga,  WalL  (WaUich  no.  494^). 

The  older  stems  of  Phytocrene  macrophylla  are  further  complicated,  ac- 
cording to  De  Bary  and  Robinson,  by  the  appearance  of  successive  new 
peripheral  rings,  consisting  of  plates  of  wood  and  bast  (Fig.  49,  A),  The 
nrst  secondary  annular  zone,  according  to  De  Bary,  arises  in  the  bast ;  accord- 
ing to  recent  and  more  exact  statements  made  by  Kobinson  it  is  partly  derived 
from  the  parenchyma  of  the  pericycle,  partly  from  the  outer  portion  of  the 
phloem.  The  origin  of  the  cambium  of  the  succeeding  rings  could  not  be 
determined  with  certainty. 

In  conclusion,  the  anomalously  constructed  stems  of  Tremaiosperma  and 
Pyrcnacaniha  are  related  to  Phytocrene  in  structure.    The  tuberous  stem  of 


Pia  49*    Pkyt^crtm  maenfkylim.  Bl.    A,  Tnunvcrse  aectkNi  tbrosfb  Cke  asts  (■ 
B,  Trmasrene  aectioo  through  •  piece  of  •  bMt-wedcc— After  Robioeoa. 

Tremaiosperma  cordaium^  Urb.,  which  grows  to  a  thickness  of  three  metres,  accxMtl- 
ing  to  Engler  shows  formation  of  secondary  wood-  and  bast-bundles  in  Uie  same 
manner  as  in  Phytocrene  macrophylla ;  the  cambium,  however,  arises  much 
more  irregularly  than  in  the  latter  plaint.  In  Pyrenacantha  scandens,  Harv., 
Robinson  has  demonstrated  the  occurrence  of  (5)  wedges  of  bast,  which  penetrate 
the  xylem-mass  and  have  the  same  structure  as  those  of  Phytocrene.  Acoording 
to  my  own  casual  observation  in  the  De  Candolle  herbarium,  Pyremacmmiha 
volubilis^  Hook.  (Thwaites  no.  1024)  also  has  bast-wedges  of  like  nature, 
three  in  number. 

Note. — The  genus  ScytopetaJum,  Pierre,  which  is  united  by  Engler  with  the 
Olacinean  genus  Rhaptopetalum,  Oh  v.,  to  form  the  Order  Scytopetalaoeae,  acooiding 
to  Eneler,  possesses  the  following  anatomical  features.  The  xylem  iy>*itnifif  narrow 
medofiary  rays,  vessels  with  very  steep  scalariform  perforataoos,  tmcheidea,  and 
librifonn*    Tne  bast  is  stratified  mto  hard  and  soft  bast    Small  vaicolar  ^ — ^* 
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nm  in  the  primary  cortex.    The  leaf-structure  is  bUadaL    The  mesophyll  is  irregu* 
larly  traversed  by  fibre-like  spicular  ceUs. 

Ulentiire:  Mohl,  Bot  Zeit,  1855,  p.  875.— De  Bur,  VergL  Anat,  1877,  especially  pp.  59a  and 
606.— Blcnk,  Flocm  1884,  p.  ^48,  separmte  copy,  p.  68.— Solereder,  HoUttr.,  1885,  pa  96-8.— 
Rttdlkoler,  Sitz.-Bcr.  Miinch.  AJuid.,  1886,  pp.  307.14.— Edelhoff,  VergL  Anmt.  d.  Bl.  dcr  O.,  Engler, 
BoC  Ifthrik,  Bd.  Tiii,  1887,  pp.  10^53.— Valetoo,  Ciit.  Oven,  der  O.,  Groningen,  1886.— Engler, 
ia  Natflri.  Pflanieniam.,  iii.  Teil,  Abt  i,  1889,  P*  '3i* — Robinson,  Stammanat.  ▼.  Pkyt9crtm 
mmcrtpkylU,  Bot  Zcit,  1889,  pp.  645,  661,  677  and  693  et  seq.  and  Taf.  ix.— Robinson,  Stem- 
Uract.  ii  ImUt  ttmimiilla,  etc,  Ann.  JanL  boL  de  Bnitenzorg,  vol.  ^iii,  1890,  pp.  95-1  si  and 
pL  zviii,  six. — Thonvenin,  Lacticif.  dans  one  O.,  le  CariUpitris  lebaia^  Boll.  Soc  bot  de  France,  1 891 , 
pp.  119,  13a — Chodat,  Atti  Congresso  bot.  intemaz.  Genoa,  189s.— Engler,  inNatiirl.  PflanzenCam., 
m.  Tdl,  Abt  5,  1893,  pp.  234^.— Engler,  Verw.  anat  Merkm.  bei  d.  syst.  Glied.  d.  Icadn., 
Sitz.-Bcr.  Berliner  Akad.,  1893,  pp.  S47-69  and  Taf.  ii.— H.  Scbenck,  Anat  d.  Lianen,  1893, 
pp.  78-80.— Van  Tiegfaem,  Cansftrt^  Champtrna  et  la  fam.  des  Opiliac,  Ann.  sc  nat.,  s^r.  7,  t. 
x^i«  1803,  pp.  S49-57  and  pi.  9.— Haberlandt,  Sitz.-Ber.  Wiener  Akad.,  Bd.  dii,  Abt.  i,  1894, 
p.  498  (10)  et  sra.  and  Tab.  i;  and  Sits.-Ber.  dentsch  bot  Gesellsch.,  1894,  p.  367  et  seq.  and 
Tab.  uiY^— Van  Tiegbem,  Bull.  Mas.  d*hist  nat,  1895,  Paris,  p.  167.— Engler,  in  NatiirL  Pflansen- 
£uB.,  Nacbtr.  n.  Reg.,  Tdl  ii-iv,  1897,  pp.  14J,  145  and  %\i, 

ILICINEAE. 

1.  Review  of  the  Anatomical  Features.  The  Ilicineae  are  excellently 
cbaracterixed  by  the  scalariform  perforations  of  their  vessels,  the  prosenchyma 
with  bordered  pits,  the  bordered  pitting  of  the  walls  of  the  vessels,  where  the 
latter  are  in  contact  with  parenchyma,  the  lack  of  a  special  type  of  stomatal 
apparatus,  and  by  the  absence  of  internal  as  well  as  external  glands.  To  what 
extent  a  composite  and  continuous  ring  of  sclerenchyma  in  the  pericycle  and 
saperfidal  development  of  cork  are  characteristic  of  the  Order  remains  to  be 
proved.  Oxalate  of  lime  is  found  in  the  form  of  ordinary  solitary  and  clustered 
crystab.  The  pubescent  hairy  covering,  which  only  rarely  occurs,  is  formed 
by  small  uniceljular  trichomes. 

The  leaves,  so  far  as  they  have  been  investigated,  are  of  bifacial  structure 
throughout,  and  bear  stomata  on  the  lower  surface  only.  A  special  character 
of  certain  species  of  Ilex  is  the  occurrence  of  small  cork-warts  (Fig.  50)  on 
the  lower  surface  of  the  leaf,  which,  owing  to  their  presence,  appears  beset 
with  small  black  dots  ;  further,  the  occurrence  of  a  many-layered  epidermis,  of 
hypoderm  and  of  mucilaginous  epidermal  cells  in  the  leaf. 

2.  Structure  of  the  Leaf  ^  The  leaves  of  the  Ilicineae  are  bifacial  in 
structure.  The  upper  epidermis  either  consists  of  a  single  (e.g.  in  lUx 
thetxans^  Mart.,  var.  gracilior^  Warm.)  or  of  2  or  3  layers,  in  consequence  of  the 
appearance  of  division-walls  parallel  to  the  surface  of  the  leaf  (e.g.  in  lUx 
tiuxans^  Mart.,  var.  fyPica,  Loes.,  and  /.  affinis^  Gardn.,  vars.  ftnuina^  Loes. 
and  rividaris^  Lx)es.).  The  large-celled  hyjwierm,  which  is  developed  beneath 
the  upper  epidermis  of  lUx  A  qui  folium,  is  not  derived  from  the  epidermis,  but 
irom  the  ground-tissue  of  the  leaf  according  to  Pfitzer  *,  and  my  own  investiga- 
tion. In  some  of  the  species  of  Ilex  mucilaginous  epidermal  cells  occur  ;  e.  g.  in 
lUx  tkeexans^  Mart.,  var.  gracilior.  Warm.,  in  which  the  gelatinization  extends 
to  nearly  all  the  cells  of  the  upj)er  and  also  to  individual  cells  of  the  lower 
epidermis,  the  mucilaginous  cells  of  the  upjxjr  epidermis  [xrnetrating  deeply  into 
tne  tissue  of  the  leaf ;  isolated  cells  in  the  lowest  layer  of  the  many-layered 
epidermis   of  lUx  theczans,   var.  typica,   and    /.   affinis,  vars.  genuina   and 


*  literatiire :  LoeMoer,  Vorttod.  m  etner  Monogr.  der  Aauifoliaceen,  Disa.,  lierlin,  1890, 
vp.  33-7 ;  AfvidKMig.  Blad.  Anat.,  Minoettkrift,  Lund,  1878,  p.  ao  et  icq.  and  Tab.  ▼,  vi ;  De  Bary, 
XcffL  AnaL,  1879;  Lalanne,  Feailles  persist.,  Act.  Soc.  Linn,  de  Bordeaux,  i^r.  5.  t.  it,  1890, 
a  54  and  pi.  Ii;  Krooleld,  Nattlrl  Pflanzenfam.,  iii.  Teil,  Abt  5,  189a,  pi  181 ;  Loeaener,  Beitr.  iiir 
Knwtnia  dcr  Matcpd.,  Ber.  dcntich.  pharmaceiit.  Gesellsch.,  1896,  separate  copy,  54  pp. 

'  Mefcficbichtift  Epidermis  and  Hypodoma,  I'ringsbeim's  Jahrb.,  Bd.  viii,  187a,  p.  51. 
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rivularis  \  also  possess  mudlaginous  inner  walls.  Another  noteworthy  structural 
feature,  which  characterizes  the  lower  epidermis  of  the  leaf  in  the  two  varieties  of 
lUx  affinis  mentioned,  is  the  considerable  thickening  and  pitting  of  the  inner  walls 
of  its  cells.  In  Ilex  dipyrena  the  epidermis  contains  duorophyll.  The  cuticle, 
which  clothes  the  epidermis  and  is  partly  the  cause  of  the  glossy  appearance 
of  the  leaf,  varies  in  thickness ;  while  m  Nemapanihes  and  the  subgenus  rrinus  it 
is  very  thin,  it  attains  a  very  considerable  thickness  in  the  subeenus  Aquifolium, 
Apart  from  the  cuticle,  which  is  sometimes  provided  with  undulated  striations, 
two  cuticular  layers  are  characteristic  of  certain  species,  e.  ^.  Ilex  AquifoUftm^ 
/.  insignis,  /.  latifolia  and  /.  crenata  (in  the  last-named  speaes,  at  any  rate,  at 
the  margin  of  the  leaf).  Stomata  are  found  only  on  the  lower  side  of  the  leaf ; 
special  subsidiary  cells  are  wanting.  In  species  provided  with  ccMiaceous  leaves 
the  palisade-tissue  consists  of  two  or  more  layers,  while  in  /.  ieddua  (subgenus 
Prinus)  it  is  one-layered.  The  spongy  parenchyma  also  shows  varied  dimren- 
tiation.  In  /.  decidua,  for  example,  it  forms  a  uniform  tissue  without  large 
lacunae.  The  opposite  extreme  is  found  in  the  leaves  of  /.  insignis  and  /.  loH- 
folia^  in  which  the  cells  of  the  spongy  tissue  are  separated  by  la^e  intercellular 
spaces.  In  the  veins  sclerenchyma  is  either  scantily  or  rather  abundantly 
developed.  Thus,  the  sheath  of  bast  is  completely  missing  in  the  smaller 
veins  of  /.  decidua,  while  in  the  species,  which  are  furnished  with  coriaceous 
leaves,  a  sheath  of  hard  bast  is  met  with  on  the  lower  side  of  the  vascular 
bundles  of  the  veins  (/.  insignis,  /.  latifolia,  /.  Aquifolium,  /.  Dakoan)^  or  on 
both  sides  (/.  paraguariensis), 

A  haiiy  covering  is  rare  in  this  Order.  Glandular  hairs  are  completely 
absent.  Where  a  hairy  covering  occurs,  as  for  examine  on  the  young  branches 
and  petioles  of  /.  Aquifolium  or,  according  to  Loesener,  on  the  haf  of  /.  Pseudo^ 
thea,  Reiss.,  it  consists  of  short  unicellular  hairs,  the  lumina  of  which  are  almost 
or  quite  obliterated. 

In  the  leaf,  oxalate  of  lime  appears  to  occur  only  in  the  form  of  chistered 
crystals,  and  solely  in  the  mesophyU'.  Occasionally  (Ilex  theezans.  Mart.,  var. 
typica,  hoes.)  the  crystal-cells  of  the  leaf-tissue  contain,  besides  a  clustered 
crystal,  numerous  fairly  large  crystaUine  granules  of  the  same  salt. 

The  black  dots  (Fig.  50)  on  the  lower  side  of  the  leaf  of  certain  species  of 

Ilex  are  also  worthy  of  note.  They 
are  structures  resembbng  lenticds  (cork- 
warts)  and  consist  of  a  hemispberical 
l^up  of  cells,  the  component  cob  hav- 
ing suberiied  membranes,  and  radiating 
out  from  the  centre  of  the  bemispbere 
in  radial  rows  *.  E.  Bachmann  has  ob- 
served these  cork- warts  in  lUx  A  qui- 
folium ;  Loesener  states  that  they  serve 
as  a  diagnostic  character  for  some 
_  species  (e.g.  /.  amara,  Loes.,  /.  camo- 

PiG.50.    Corkwartfrom  the  lower  «<fc  of  th.     «»''M    »«»•   ^nd   /.   diUfeHcO,   iUlt.y, 

kaforaPaarHMTteapUBC-orifiMd.  while  lu  Other  speaes  (e.g.  /.  ikenans^ 

Mart.,  /.  Cuyabensis,  Reiss.,  and  /. 
Paraguariensis,  St.  Hil.)  they  are  either  absent  or  are  only  developed 
exceptionally. 


*  Loesener  in  his  treatise  on  *  Mate '  has  wrongly  interpreted  the  mncilagiooas  inner  1 
of  the  epidermis  as  odls  ('  weitlnmige  Wassermricherwilen  * ;  see  Loesener's  eorrecCioQ  In  Abh. 
hot  Ver.  d.  Mark  Brandeohor^,  1897,  p.  68).  This  correction  is  especially  noCewortfaj  to  any  amt 
attempting  to  determine  from  what  plant  a  gi^en  kind  of '  mate'  is  derited  by  meant  of  Lonsacr's  iroik. 

'  The  statement  in  the  works  of  De  Bary,  Kronicld,  &<u,  as  to  the  occarrcoce  of  OKilali  uyaili 
in  the  epidermal  cells  of  the  leaf  of  Ikx  faiaguarUntis  is  incorrect 

'  See  £.  Bachmann,  Korkwnch.  aof  Bl,  Pringiheim's  Jahrb.,  Bd.  zii,  1879-819  pi  J09  ct  leq. 
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In  concluding  the  description  of  the  lamina,  the  mechanical  strengthening 
of  the  margin  of  the  leaf  may  be  referred  to ;  it  is  either  caused  by  a  mere  thicken- 
ing of  the  cuticle,  or  besides  this  there  is  a  tissue  consisting  of  cells,  which 
contain  chlorophyll  but  at  the  same  time  are  sderenchymatously  thickened 
(/.  instgms)^  or  there  is  a  stereom-sheath  (formed  by  true  sderenchjrma-fibres) 
of  vmii^  strength  and  form  (/.  Aquifolium^  I.  dipyrena^  I.  comuta) ;  reference 
may  also  be  made  to  the  spinous  leaf- teeth  ^  of  certain  species,  e.  g.  /.  A  qui  folium, 
with  convei]ging  strands  of  sclerenchyma. 

Accordmg  to  Plitt*,  the  petiole  of  Ilex  contains  an  arc-shaped  fibro- 
vascular  system  of  one  or  several  isolated  bundles. 

3.  Structure  of  the  Axis'.  The  wood  is  firstly  characterized  by 
the  scalariform  perforations  of  the  vessels,  which  have  very  numerous 
bars  ;  contrary  to  Moller's  statement  they  occur  even  in  Ilex  Aouifolium,  and 
Loesener  has  demonstrated  them  not  only  in  numerous  species  of  Ilex,  but  also 
in  \emopantkes  canadensis,  DC.  The  vessels  have  a  lumen  of  varied  size  ;  in 
lUx  Aomfolium  their  maximum  diameter  amounts  to  only  -045  mm. ;  Ilex 
anomaia,  on  the  other  hand,  is,  according  to  Loesener,  distinguished  by  vessels 
with  very  wide  lumina.  It  should  be  noted  with  reference  to  the  structure  of 
the  walls  of  the  vessels  that,  accompanjdng  the  bordered  pits,  spiral  thickening 
of  the  wall  also  occurs  quite  generally,  and  further,  that  the  vessel-wall  bears 
bordered  pits,  where  it  is  in  contact  with  the  parenchyma  of  the  medullary  rays. 
According  to  Loesener,  the  walls  of  the  large  vessels  of  /.  anomala  possess 
scalariform,  instead  of  the  ordinary,  bordered  pits.  The  medullary  rays  are 
z-4,  rarely  more,  cells  in  breadth  (in  Ilex  Aouifolium  sometimes  as  much  as  10 
cells  broad,  according  to  Moller) ;  accoraing  to  Loesener,  medullary  rays, 
which  are  a  single  cell  in  breadth,  only  appear  to  occur  in  /.  verticillata. 
The  wood-parenchyma  is  fairly  weU  developed.  The  wood-prosenchyma  has 
bordered  pits  and  is  frequently  also  spirally  thickened. 

The  structure  of  the  coilez  has  been  examined  only  in  Ilex  Aquifolium. 
In  this  species  the  cork  takes  its  origin  in  the  epidermis,  and  is  composed  of 
unusually  thick-walled  cork-cells.  The  primary  cortex  is  collenchymatous  and 
at  first  contains  clustered  crystals,  wnich  subsequently  disappear  and  are 
replaced  by  solitary  crystals  ;  later  on  stone-cells  also  appear  in  the  primary 
cortex.  Isolated  groups  of  bast-fibres  are  present  in  the  pericycle  of  the  young 
branches,  and  finely  Become  united  by  stone-cells  into  a  composite  and  con- 
tinuous ring  of  sclerenchyma.  According  to  Mdller  both  oast -fibres  and 
crystal-sacs  are  absent  from  the  secondary  bast,  while  the  parenchyma 
of  the  bast  is  fiUed  with  drops  of  oil. 

CYRILLEAE. 

The  following  account  may  be  given  of  the  anatomy  of  this  Order  from  my 
own  investigation  *  of  the  leaf  and  axis  in  Cyrilla  racemiflora,  L.  and  Cliftonia 
nitida,  Gaertn.  f. 

The  mesophyll  in  both  species  consists  of  palisade-tissue  only.  The  epider- 
mal cells  have  straight  lateral  walls.     Mucilaginous  epidermal  cells  have  been 


*  .Sc«  Mittauuio,  Vcrii.  d.  bot  Ver.  der  Prov.  Bnmdcnbnr^,  xxx,  18S8,  pp.  61  and  6j. 

*  I*litt.  BUtttdel,  IM».,  Marborg,  1886,  p.  50. 

'  Uurmtore:  Chaloo,  Tig.  lign.  dicotylM.,  i.  M^n.,  1867,  pp.  49,  co;  Grit,  Moelle,  Nooy. 
Arch,  da  Mat.  dliiit  oat,  L  ri,  1870,  pp.  J57,  258;  MoUcr,  HolttnaL.  Denkichr.  Wiener  Akad., 
1876,  ppb  91  and  587  respectively;  MoUer,  Kindenanat.,  i88a,  pp  a88-oo;  Solercder,  HoUttr., 
i8Sc.  pp.  98,99;  Lcnacner,  loc  dt.,pp.  31-3.  [Loctener.  Ilex  p.,  in  Notiibf.  k.  bot  Gart.  u.  Mat.  z. 
Berlin,  1897,  n.  10.] 

*  See  abo  Sokrcdcr,  HoUstrvktiir,  1885,  p.  99,  and  Gilg,  in  NatiirL  PflanzenCam.,  ill.  TciU 
Abt  s.  189J,  pp.  179,  180. 
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observed  in  both  species.  The  stomata  are  found  only  on  the  lower  side  of  the 
leaf,  and  are  surrounded  each  by  a  rather  large  number  of  ordinary  epidermal 
cells.  The  dull  appearance  of  the  lower  surface  of  the  leaf  of  Cliftonia  niiida  is 
caused  by  high,  irregularly  arranged  cuticular  ridges.  The  vascular  bundles  of 
the  veins  are  accompanied  by  sclerenchynia,  which  in  CyriUa  tacemiflora  is 
developed  in  the  form  of  a  ring,  in  Cliftonia  nitida  chiefly  in  connexion  with 
the  xylem.  Oxalate  of  lime  occurs  in  the  form  of  clustered  and  ordinary 
solitary  crystals.  A  hairy  covering  is  wanting,  and  so  are  internal  secretory 
organs. 

Regarding  the  structure  of  the  woody  as  in  the  allied  Ilidneae,  special 
stress  should  be  laid  on  the  scalariform  perforations  of  the  vessels,  which 
often  have  numerous  bars  (20-30),  as  well  as  on  the  wood-prosenchyma 
with  typical  bordered  pits.  The  vessels  are  nimierous,  being  fairly  uniformly 
scattered  through  the  whole  of  the  wood,  and  having  lumina  of  inconsiderable 
size  (diameter = '03— 054  nun.).  The  bordered  pits,  which  are  present  on  the 
parts  of  the  vessel-walls  in  contact  with  the  parenchyma  of  the  medullary 
rays,  are  not  always  distinct.  The  medullary  rays  are  narrow,  but,  never- 
theless, become  as  much  as  4  cells  broad  extemally.  The  wood-parenchyma 
is  not  developed  in  abundance. 

In  both  species  the  development  of  cork  takes  place  in  the  innermost  part 
of  the  primary  cortejL  (in  the  parenchymatous  pencyde  ?),  and  is  apparently 
accompanied  by  formation  of  phelloderm.  In  CyrtUa  racemifhra  tne  cork 
contains  cells  which  are  sclerosed  on  one  side  (on  the  inner  tangential  wall). 
Owing  to  the  internal  formation  of  cork  the  primary  cortex,  whidi,  esjpedaUy 
in  Cliftonia  nitida^  contains  numerous  sderosed  parenchymatous  cells  wi^ 
wide  liunina,  is  soon  thrown  off.  Bast-fibres  are  absent  both  from  the  peri- 
cyde  and  the  bast.  In  place  of  them  sderosis  of  the  parenchyma  in  the 
outer  part  of  the  bast  takes  place  after  the  conunencement  of  the  dEevelopment 
of  cork. 


CELASTRINEAE. 

This  Order  has  so  far  been  Uttle  investigated  anatomicaUy.  The  following 
features  should  be  pointed  out  as  applying  to  the  spedes  investigated  :  super- 
ficial origin  of  the  cork,  bordered  pitting  of  the  prosenchymatous  groundwork 
of  the  wood,  the  tendency  to  the  formation  of  scalariform  perforations  in  the 
vessels,  the  lack  of  a  uniform  type  of  stoma,  and  the  absence  of  external  glands. 
Oxalate  of  lime  occurs  in  the  form  of  solitary  and  dustered  crystals.  In  the 
genus  Wimmeria  the  occurrence  of  a  caoutchouc-Uke  substance  in  cells  of  the 
bast  has  been  observed  ;  in  Kokoona  resin-cells  (?)  occur  in  the  leaf. 

Investigations  on  the  structure  of  the  leaf  were  undertaken  by  Stenzd  \ 
the  results  of  which  were  shortly  abstracted  by  Loesener  (loc.  dt.),  wlule 
the  original  work  has  not  appeared  up  to  the  present  time.  For  my 
own  general  survey  I  have  investigated  Elaeodendron  glaucum^  Pers.,  Cdastrus 
articulatuSf  Thunb.,  and  Euonymus  theaefolius^  Wall.  In  these  three  spedes 
the  stomata  possess  no  spedaJ  subsidiary  ceUs.  SoUtary  crystals  are  stated 
by  Loesener  to  occur  in  the  epidermal  cells  of  the  leaf  of  Cassine  *  section 
Endaeodendrony  Loes. ;  in  Elaeodendron  glaucum  I  found  small  epidermal  cdls, 
which  were  isolated  or  aggregated  in  groups,  each  being  filled  by  one  dus- 
tered crystal,  or  more  rardy  by  a  single  solitary  crystal.  According  to  Loesener, 


*  See  Prantl*!  Arb.  am  dem  botf  Garten  zu  Breslan,  Heft  i. 

'  Loeiener,  following  Kuntie's'  example,  transfen  the  tpedet  of  EUmitminm  to  tlie  gcneik 
name  Cassine, 
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^eUtiiiization  of  the  epidermis  of  the  leaf  has  been  observed  in  PerroUetia^  and 
IS  also  present  in  Goupia  glabra^  Aubl. ;  a  bypoderm  of  i  or  2  layers  occurs  in 
Rkacama  and  some  species  of  Cassine^  and  also  in  Euonymus  theaefolius.  In 
Mayienus  and  Lophotetalum  the  mesophyll  contains  only  solitary  crystals,  in 
Euonymus^  PuUerlicRta,  Sckrebera  and  Cassine  (section  Eucassine,  Loes.), 
clustered  crystals  occur,  while  in  other  genera  no  constancy  in  this  respect 
is  found.  Ine  black  dots,  present  on  the  lower  side  of  the  leaf  of  Kokoana 
xeylanica^  Thw.,  are  supposed  by  Gilg  to  be  caused  by  large  resin-glands 
(  ^probably  resin-cells)  differentiated  in  the  epidermis  and  in  the  mesophyll. 
A  hairy  covering  seldom  occurs  in  this  Order.  Glandular  hairs  have  not  been 
observed  ^  On  the  veins  of  the  leaf  of  Celaslrus  articulatus  I  found  simple 
unicellular  hairs  in  the  form  of  long  finger-shaped  papillae;  in  Ftaunhofera 
muUtfiota^  Mart.,  one  meets  with  rather  long,  simple  hairs,  which  are  unicel- 
lular, or,  owing  to  thin  division-walls,  uniseriate. 

The  petiole  has  been  examined  by  PUtt  in  the  genera  Catha^  Celastrus^ 
Elaeodtndron^  and  Euonymus,  A  transverse  section  shows  an  arc-shaped  fibro- 
vascular  system  of  one  or  of  several  vascular  bundles  of  unequal  size. 

With  r^ard  to  the  structure  of  the  wood,  which  I  have  investigated  in 
species  of  Ftaunhofera^  Elaeodendron,  Celasirus,  Mayienus^  Euonymus^  and 
Microirapis^  the  following  account,  which  takes  the  remaining  literature  into 
consideration,  may  be  given.  The  medullary  rays  of  the  wood  are  of  varied 
breadth  (as  much  as  six  cells  in  breadth  in  Celastrus  monospermus^  Roxb.,  and, 
according  to  H.  Schenck,  also  in  other  species  of  Celastrus^  e.  g.  C.  paniculatut^ 
WiUd.,  and  C.  stylosus.  Wall.,  only  2-seriate  in  Euonymus  europaeus^  L.) ;  the 
x^em-vessels  vary  in  the  size  of  their  lumina  (maximum  diameter  between 
027  mm. — Fraunhofera  muUiflora,  Mart. — and  -075  mm.).  The  perforations 
of  the  vessels  are  usually  simple.  More  rarely  scalariform  perforations  occur, 
either  exclusively  or  side  by  side  with  simple  perforations.  According  to 
Loesener,  the  species  of  Cassine  belonging  to  the  section  Euelaeodendron^  Loes., 
are  characterized  by  scalariform  perforations  ;  Cassine  glauca,  (Pers.)  O.  Kuntze 
alone  possesses  simple  perforations  side  by  side  with  scalariform  ones  ;  the 
species  of  the  two  sections  Eucassine,  Loes.,  and  Mystroxylon^  Eckl.  et  Zeyh., 
on  the  other  hand,  only  have  simple  perforations.  Scalariform  perforation 
of  the  vessels  has  also  been  observed  :  by  me  in  the  primary  wood  of  Celasirus 
mtmospermus^  Roxb.,  and  recently  in  Goupia  glabra^  Aubl.  (exclusively  scalari- 
form), and  by  Stenzel  in  Kurrimta.  The  vessel-wall  is  provided  with  bordored 
pits,  even  where  it  is  in  contact  with  the  parenchyma  of  the  medullary  rays, 
bpind  thickening  of  the  vessel-wall  occurs  in  Euonymus  europaeus,  L.  The 
mod-prosenchyma,  which  forms  the  groundwork  of  the  wood,  has,  as  a  rule, 
distinctly  bordered  pits  ;  side  by  side  with  this  latter  type,  wood-prosenchyma 
with  simple  pits  is  often  also  found  (Elaeodendron^  Euonymus^  Ftaunhofera^ 
Mayienus^  Microtropis) ;  it  consists  of  cells  with  fairly  wide  lumina,  and  is 
sometimes  septate  owing  to  scattered  division-walls.  The  wood-parenchyma 
is  usually  little  developed  and  restricted  to  the  neighbourhood  of  the  vessels  ; 
in  Micrdropis  bivaivis^  Wall.,  it  occurs  in  greater  abundance,  and  in  the  form 
of  uniseriate  tangential  bands. 

Our  knowledge  of  the  structure  of  the  cortex  is  almost  restricted 
to  the  two  eenera  Celastrus  and  Euonymus,  which  have  been  investigated 
especially  by  MoUer.  In  these  the  origin  of  the  cork  is  superficial ;  it  is  formed 
in  the  epidermis  in  all  the  species  of  Euonymus  examined  by  Moller,  Douliot, 
and  J.  £.  Weiss,  but  subepidermally  in  the  sj)ecies  of  Celastrus.    The  cork-cells 

*  On  the  other  bmnd  the  leaf-teeth  tre  sometimes  secretory.  Ketnke  (in  Prinfj^sheiin's  Jahrbw, 
Bd  I,  18*6,  !>.  14 J)  states  that  coUeters  occur  on  the  leaf-teeth  of  CaiAm  fOjsimMis,  and  that  they 
coMist  of  a  lew  azile  rows  of  cells  and  of  an  external  layer ;  the  cells  of  the  latter  are  wedge- 
shaped  ia  the  vppcr  part  of  the  colleter  and  are  the  seat  of  the  secretioo. 
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of  Ewmymus  have  thin  walls ;  those  of  Cdastrus  are  sometiines  sclerosed  on  one 
side.  Primary  groups  of  bast-fibres  are  wanting  in  Ewmymus  oteMtes,  Nott., 
and  £.  verrucosus^  Scop. ;  £.  UUifoUus^  Bfill.,  SLXkd  Cdastrus  scandenSf  L^  on  the 
other  hand,  have  primary  groups  of  bast-fibres,  the  component  elements  of 
which  in  Celastrus  are  characterized  by  the  peculiar  cracks  which  they  show  in 
transverse  section.  According  to  my  own  casual  observation,  the  primary 
groups  of  bast-fibres  in  Gaupta  glabra^  Aubl.  are  united  by  stone-cells  into  a 
composite  and  continuous  ring  of  sderenchyma ;  according  to  Radlkofer,  the 
same  occurs  in  the  genus  Uavea,  Liebm.,  which  has  been  renamed  Neaprinfkm 
by  Watson,  but  its  position  in  the  Natural  System  is  not  vet  quite  certamly 
estaUished.  According  to  Mdller,  no  bast-fibres  are  found  in  the  secondary 
bast  in  Celasirus  scandens^  L.,  but  in  Euonymus  obovaius^  Nutt.  sclerenchv- 
matous  fibrous  cells,  groups  of  thin- wailed  compressed  fibrous  cells  and  pecoliaiiy 
metamorphosed  fibres  *  occur  in  this  tissue  ;  I  did  not  meet  with  the  last-named 
elements  in  herbarium-branches  of  the  species  in  question,  and  they  need 
further  investigation.  The  soft  bast  also  contains  chambered  fibres  with  clustered 
crystals  and  sieve-tubes  with  scalariform  sieve-plates.  In  the  soft  bast  of  the 
branches,  as  weU  as  in  that  of  the  leaf-bundles  of  all  the  species  of  WimmeruL, 
Radlkofer  describes  the  occurrence  of  cells,  which  are  filled  with  an  elastic 
caoutchouc-like  substance,  and  recall  the  similar  elements  in  certain  spedes  of 
the  Renus  Salacia,  belonging  to  the  Hippocrateaceae  (q.  v.).  It  may  also  be 
noted  that  the  peculiar  cork-warts  of  the  cortex  of  Euonymus  verrucosus  are 
not  lenticels,  according  to  Stahl,  as  they  are  not  developed  below  stomata,  but 
are  rather  corky  outgrowths  of  the  cortical  parenchyma,  which  elevate  the 
epidermis. 

The  pith  is  homogeneous  in  the  species  of  Euonymus  investigated  by  Gris. 
The  lianes  amonf  the  Celastrineae,  e.g.  the  North  American  Celasirus  scundens^ 
L.  and  the  East  Indian  CelasirusAianes^  dted  by  Gamble,  are,  almost  through- 
out, normal  in  structure.  Only  in  an  undetermined  Celasirus  from  the 
Neilgherries  an  external  grooving  of  the  stem  occurs,  according  to  Jossieo, 
and  similarly  in  Euonymus  Hngenst  according  to  Lindley. 

Utermtiue :  Jittsicii,  Arch.  Mot.  d*hiiL  nat,  t  iii.  1843,  p.  1 1 7.— Lasdlej,  Veg.  KiapL,  voL  i, 
1848,  p.  31*3,  bg.  4a— Chaloo,  Tigei  lign.  dicotyUd.,  i.  M4m^  GmbA,  1867,  pp.  13,  14.— Grfo, 
MoeUe,  Nooy.  Arch.  Mot.  d*hUt.  nat,  t.  vi,  1870,  p.  asS  and  pi.  xr.— SCahl,  LenticdlcB,  BoC  Zciu, 
i873»  p.  616.— Moller,  Holsanat.,  Denkichr.  Wiener  Akad.,  1876,  pp.  90  and  386.— Plniiff,  Crki/L 
del  Rotanoff  nelle  C,  Nnor.  Giora.  hot,  ro\,  xii,  1880,  pp.  34-31  and  tab.  L—Sf oiler,  RhMWnanaL, 
i88j,  pp.  384-7.— Solereder,  Holxstr.,  1885,  pp.  99-101.— PUtt,  BlatlMkl,  Dbi.,  Marbttf ,  iSSi, 
p.  50.— Donliot,  Ann.  ic  nat.,  t^.  7,  t  x,  1889,  p.  J159.— Lalanne,  Fevillei  poiiA^  AcL  Soc  Um. 
Bordeaux,  t^.  5,  t.  it,  1800,  p.  84  and  pi.  ▼.— J.  E.  Weiw,  Korkb.,  Denkichr.  iUgcaibwf.  boc 
Geiellfch.,  1890,  p.  65. — Loesei  •  —  •---' 
H.  Schenck,  AnaL  d.  Lianen, 
Pflanxenfam.,  iiL  Teil,  Abt  (, 
p.  68. 


tener,  in  NatilrL  Pflinxeniam.,  IiL  Teil,  AbC.  c,  1893,  pp.  193,  193.— 
I,  1893,  p.  131.— Radlkofer.  BoL  Gaxctte,  1893,  p,  199  aad  NatM. 
,  1895,  p.  366.— Wittlin,  KalkozalattiKh.,  BoC  CcBtnlbL  1896,  Hi, 


HIPPOCRATEACEA. 

Of  the  Hippocrateaceae  the  two  genera  HippocraUa  and  Salacia  have  been 
investi^ted  in  a  general  and  preliminary  manner.  A  systematic  investigation  of 
the  Order  is  desirable,  and  from  what  is  already  known  it  promises  very  good 
results. 

The  following  may  be  pointed  out  as  characters  common  to  the  two  eenera 
mentioned  above :  lack  of  a  special  type  of  stoma  and  of  external  ^ands, 
superficial  origin  of  cork,  absence  of  a  nng  of  sclerenchyma  in  the  pericyde* 

*  '  Compact,  flexible,  rermiform  fibres  'los  mm.  in  thidcnesa  and  of  vor  varied  teifth  rnot 
nncommonly  exceeding  i  nun.),  baring  their  soiiMx  densely  cohered  with  HBall  tmgtha  pita' ;  loc 
cit..  Fig.  103. 
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predominantly  simfde  perforations  in  the  vesseb»  bordered  pitting  of  the  prosen- 
chymatous  groundwork  of  the  wood  and  excretion  of  oxalate  of  lime  in  the  form 
of  ordinary  solitary  and  clustered  crystals.  As  generic  characters  the 
occurrence  of  a  h}rix>denn  in  the  leaf  and  of  crystal-cells  in  the  epidermis 
of  the  leaf,  descrioed  by  Stenzel  in  HippocraUa,  but  not  in  Salacia^  in 
which  hypoderm  and  crvstal-cells  are  stated  to  be  absent,  require  further 
escamination.  The  distribution  of  caoutchouc-containing  elements  and  tannin- 
sacs  within  the  genus  Salacia  has  likewise  still  to  be  determined.  In  Salacia 
anomalous  stem-structure  (Fig.  51)  occurs ;  it  consists  in  the  appearance 
of  successive  rings  of  growth  or  of  interxylary  phloem  (as  in  the  Strychnos- 

type). 

Our  knowledge  of  the  structure  of  the  leaf  in  this  Order  at  the  present  time 
rests  on  a  few  prehminary  statements  of  Stenzel 's  *,  which  are  quoted  by  Loesener 
in  the  revision  of  the  Hippocrateaceae  for  the '  Natiirliche  Pflanzenfaniilien/  and 
on  my  own  investigation  of  HippocraUa  arboreay  Roxb.,  Salacia  crassiMia,  Peyr., 
and  5.  attenuata^  Peyr.  Stenzel,  or  rather  Loesener,  describes  in  HippocraUa 
a  I-  or  2-layered  hypoderm,  clustered  and  solitary  crystals  in  the  mesophyll 
and  petiole,  and  sohtary  crystals  in  the  epidermal  cells  of  the  leaf ;  in  Salacia 
absence  of  hypoderm,  occurrence  of  clustered  crystals  and  absence  of  solitary 
crystals  in  the  mesophyll  and  petiole,  and  absence  of  crystal-cells  in  the  epidermis. 
As  rwards  the  species  investigated  by  me,  it  was  only  in  Hippocratea  arborea 
that  fmet  with  a  one-layered  hypoderm  on  the  upper  side  of  the  leaf,  and  in 
both  upper  and  lower  epidermis  small  cells,  each  filled  by  a  clustered  crystal 
(not  a  sohtary  crystal) ;  these  cells  lie  in  groups,  either  two  or  several  together, 
rarely  singly.  In  the  three  species  investigated  by  me  the  stomata  are  sur- 
rounded by  several  neighbouring  cells.  In  the  thick  leathery  leaf  of  Salacia 
crassifolia  each  portion  of  the  palisade-tissue  (which  is  uniformly  developed 
below  the  epidermis  on  both  surfaces)  contains  a  system  of  sclerenchyma- 
fibres,  which,  running  at  right  angles  to  the  surface  of  the  leaf,  traverse  the 
palisade-tissue,  are  connected^ with  the  vascular  bundles  of  the  veins  by  branches 
given  off  towards  the  interior,  and  also  branch  abundantly  below  the  epidermis 
of  both  surfaces  of  the  leaf.  In  the  thinner,  bifacially  constructed  mesophyll 
of  Salacia  atUn%tata  solitary  cells  of  the  palisade  and  spongy  parenchjmfia 
are  sclerosed.  With  this  tendency  to  the  formation  of  spicular  cells,  the 
latter  should  occur  more  frequently  in  the  thick  leaves  of  this  Order.  I  have 
not  observed  trichomes  *  in  the  species  which  I  examined,  but  on  the  other 
hand  I  have  found  numerous  cork-warts  on  the  lower  side  of  the  leaf  of  Salacia 
aU€Huata. 

Statements  as  to  the  ordinary  structure  of  the  axis  are  to  be  found  in  the 
works  of  MoUer,  Lx)esener,  and  Solereder ;  and  regarding  the  anomalous  structure 
of  the  stem  especially  in  H.  Schenck's  work.  With  regard  to  the  structure  of 
the  wood,  the  groundwork  consists  of  prosenchyma  with  bordered  pits,  but  is 
accompanied  by  simple-pitted  prosenchyma  in  subordinate  amount.  The 
vessels  have  simple  perforations  ;  in  Salacia  grandi flora,  Peyr.,  scalariform 
{perforations  with  few  bars  are  also  found  in  the  neighbourhood  of  the  primary 
wood.  The  parts  of  the  walls  of  the  vessels  which  are  in  contact  with  ray- 
parenchyma  are  provided  with  bordered  pits.  In  the  herbarium-branches  of 
both  genera,  which  I  have  examined,  the  medullary  rays  are  narrow.  According 
to  H.  Schenck,  thicker  pieces  of  the  stem  of  HippocraUa  ovata.  Lam.,  and  of  other 
species  show  broad  m^ullary  rays.    The  latter  become  broader  externally  in 

'  See  DOU  I  on  p.  jij. 

*  The  aboiKUot  excretion  of  water  on  the  leaves  of  Solatia  ,S,  militpcarpa,  Bl,  and  S,  •i^hmgi- 
/dim,  fSL)  is  caued  neither  by  trichomes  nor  by  water-pores,  but  is  probably  doe  to  the  fact  that  the 
epidennal  odb  poMcaa  what  are  called  marginal  pits,  throogh  which  the  water  passes  out  (Haber- 
badt). 
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the  same  way  as  in  Arisiolochia;  thev  divide  the  xylem-ring  up  into 
and  are  further  specially  characterized  by  containing  ctouds  of  stone<e^ 

The  structure  of  the  cortex  has  been  investigate  oy  Hdller  in  Hippocraiea 
indica,  Willd.,  by  me  in  H.  arborea,  Roxb.,  Salacia  micrantka^  Peyr.,  and  5. 

Sandiflara,  Peyr.  The  cork  arises  subepidermally  in  Salacia  micraniha  and 
ippocraiea  arborea.  In  the  thicker  branches  and  stems  of  certain  species 
of  Salacia,  e.  g.  5.  micrantha,  the  cork-cells  contain  a  reddish-yellow  pigment, 
which  is  soluble  in  alcohol,  according  to  Loesener.  In  the  two  species  of  Salacia 
cited  the  primary  cortex  is  rich  in  branched  and  sometimes  large  stone-ceUs. 
A  ring  of  sclerenchjrma  is  not  present  in  the  pericycle.  In  Hippocraiea  arbarea 
large  isolated  groups  of  compressed  bast-nbres  with  white  walls  and  wide 
lumina  are  found  at  the  outer  limit  of  the  bast.  Similar  groups  of  cells,  hot 
consisting  of  tissue  like  horn-bast,  are  met  with  in  the  pericycle  in  the  two 
species  of  Salacia  cited.  The  soft  bast  of  Salacia  micrafUha  is  specially  note- 
worthy, as  containing  elements  resembling  latidferous  tubes,  which  have 
narrow  lumina  and  clear,  caoutchouc-like  contents,  soluble  in  chloroform. 
These  caoutchouc-containing  elements  are  present  in  such  abundance  that 
on  breaking  a  branch  the  fragments  of  the  branch  remain  connected  by  the 
tough  elastic  threads  of  caoutchouc.  The  same  elements  are  also  found  in 
the  veins  of  the  leaf  and  can  be  recognized  there  also,  even  with  the  naked  eye, 
by  the  threads  which  appear  on  breaking  a  piece  of  the  leaf.  The  secretory 
elements  in  question  are  also  present  in  the  two  pieces  of  stem,  no.  347  ana 
no.  519  of  H.  Schenck,  which  belong  to  species  of  Salacia^  and  which  will  be 
further  discussed  when  describing  the  anomalous  structure  of  the  stem ;  diey 
are,  however,  absent  in  Salacia  grandifolia^  in  which  the  bast  contains  groups 
of  tannin-sacs  with  fairly  wide  lumina,  which  are  elongated  in  the  vertical  direc- 
tion and  in  dry  material  are  filled  with  brown  contents.  The  morphological 
value  of  the  caoutchouc-elements  still  remains  to  be  determined,  i.e.  whether  tbey 
are  to  be  classed  with  the  non-articulated  laticiferous  tubes,  or  whether,  like 
the  caoutchouc-cells  of  the  genus  Eucommia,  which  is  referred  to  the  Trochoden- 
dreae,  they  only  arise  secondarily  and  are  not  already  formed  as  rudiments  in 
the  embryo.  These  details  can  only  be  determined  developmentally  in  suitable 
material.  It  further  remains  to  be  shown,  from  a  systematic  point  of  view, 
how  widely  these  caoutchouc-tubes  are  distributed  within  the  ^[enus  Salacia^ 
and  whether  they  possess,  as  is  to  be  supposed,  systematic  significance  in  the 

ruping  of  the  species.  The  above  are  questioi^  which  may  be  suggested  here. 
remains  to  be  mentioned  that  MdUer  describes  the  occurrence  of  regular 
stratification  of  the  secondary  bast  owing  to  tangential  [dates  of  hard  b^t  in 
the  species,  Hippocraiea  indica^  which  be  investigated.  Stenzel's  statement 
that  solitary  crystals  are  characteristic  of  the  cortex  of  HitpocraUa^  clustered 
crystals  of  that  of  Salacia^  cannot  be  accepted,  because  nippocraiea  arborea 
contains  clustered  crystals  in  its  primary  cortex  and  soUtary  crystals  in  its 
bast. 

Among  the  cases  of  anomalous  stem-stmcture  we  may  mention  in  the 
first  place  the  occurrence  of  a  grooved  xylem-mass  in  an  undetermined  Hippo- 
crateaceous  piece  of  stem,  viz.  H.  Schenck's  no.  305  (figured  in  loc.  dt..  Fig.  78 
on  Tab.  VIII) ;  the  grooves  in  the  xylem  are  filled  up  by  soft  bast-tissue.  In 
the  genus  Salacia  one  either  finds,  as  Fritz  Miiller  was  the  first  to  observe, 
repeated  formation  of  cambium  in  the  pericycle  and  resulting  secondary  rings 
of  growth,  or  interxylary  phloem  of  the  type  occurring  in  Strycknos ;  th^ 
two  anomalies  are  in  certain  s))ecies  connected  by  intermediate  types  (Fig. 

In  Salacia,  in  the  first  type  now  to  be  described,  the  secondary  rings  of  srowth 
only  appear  late,  and  are  very  broad,  e.g.  espedally  in  the  piece  of  stem 
(na   347)  which  is  represented  by  H.  Schenck  m  Fig.  81   00  Tab.  VII,  and 
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belongs  to  5.  hrachypoda^  Peyr.,  or  to  an  allied  species.  In  the  second  case  the  suc- 
cessive cambial  layers  follow  rapidly  on  one  another,  e.g.  in  the  piece  of  stem 
(of  an  undetermined  species)  collected  by  H.  Schenck  under  the  number  519 
and  represented  in  his  Fig.  83  on  Tab.  VII,  and  in  Saiacia  serraia,  Camb.  (Fig.  5i,B). 
Even  in  these  two  pieces  of  stem  the  phloem-portions  do  not  form  continuous 
rings,  but  are  embedded  in  the  wood  in  the  form  of  bands  and  strands.  This 
signifies  that  complete  successive  replacement  of  the  original  cambium  by  new 
layers  does  not  take  place,  but  only  a  partial  renewal  of  the  cambium,  according 
to  the  StrychnoS'type^  though  still  involving  long  tangential  tracts.    Thus  a  transi- 


Pia  51  Tnnmrmt  KCtkms  of  the  anomakMU  Axi«  of:  A,  SmUda  ?  tp..  Wood  coUectioii  no.  590  of  H.  Scbeack, 
— pifc**''""  i| :  >  1  ■•  Smia€im  aemUa^  Camb.,  magnification  i4  :  1 ;  c,  Sm/aa'm  ?  tm  Wood  couactioa  00.  571  of 
H-  Sckcack,  maKnifiratkm  diglMix  mora  than  i| :  1.— All  after  ff.  Schenck. 

tion  is  afforded  to  the  case  of  the  piece  of  stem,  represented  in  Fig.  ^i,  C 
(Schenck's  no.  57 1 )  and  to  that  of  the  herbarium-branches  of  5.  Regeiiana,  K.  SchuuL, 
of  the  Berlin  and  Munich  collections,  which  show  small  interxylary  islands  of  phloem, 
owing  to  the  fact  that  in  them,  as  in  Strychnos,  the  successive  partial  renewal  of 
the  cambium  is  always  restricted  to  small  tracts  of  the  cambium-ring.  Lastly, 
reference  may  be  made  to  the  anomalous  piece  of  stem  collected  by  Dr.  Ernst 
in  Caracas,  and  described  by  Kruger  as  HipbocrcUea  scandens,  but  the  correct 
determination  of  which  is  very  justly  doubted  oy  H.  Schenck.  The  cortex  of  this 
specimen  contains  15-18  small  peripheral  xylem-masses,  anastomosing  with  one 
another,  each  of  which  grows  in  tnickness  by  means  of  a  cambium-ring  of  its  own. 

Utcrmtare:  FriU  Miiller,  Bot  Zeit,  1866,  p.  59  and  Tab.  iii.— MoUer,  Holsaiuit.,  Denkichr. 
Wkficr  Akftd.,  1876,  pp.  91  and  387.— Moller,  RiodeiuuuU.,  1883,  p.  a88.~Kriim',  Anom.  HoUbOd., 
Di»^  Leipag*  i^4«  PP-  S4f  35.— Solcreder,  HoUitr.,  1885,  to>.  9o-ioi.--LocKiicr,  in  Natiirl. 
PftuucBfrm.,  lii.  Tcil,  Abt  5,  189a,  pp.  j 23,  aa4.^Rmdlkofer,  BoL  GaMtte,  1893.  pp.  199,  aoa— 
H.  ScfacDck,  Aaat.  d.  Uaocn,  1893,  pp.  131-6  and  Tab.  vii.— Haberlandt,  Sitz.-Ber.  Wicoor  Akad., 
Bd.  dn.  AbL  I,  1894,  p.  497  (9). 


STACKHOUSIEAE. 

A  detailed  investigation  of  the  axis  and  leaf  in  this  Order  is  still  wanting. 
The  following  statements  are  based  on  a  casual  investigation  of  Siackhousta 
spaikuUUa^  Sieb.,  and  5.  Brunonis,  Benth. 

With  regard  to  the  structure  of  the  wood  the  members  of  this  Order  are 
characterized  by  simple  perforations  in  the  vessels  and  by  wood-prosenchyma 
which  in  part  beEU^  bordered,  in  part  simple  pits.  At  the  outer  limit  of  the  bast 
in  S.  spaikulata  an  interrupted  ring  of  fibrous  cells  with  yellow  walls  is  present. 

The  leaves  of  5.  spathtdata  have  stomata  on  both  sides  ;  the  guard-cells  of 
the  stomata  are  not  accompanied  by  any  special  subsidiary  cells. 

A  hairy  covering  is  rare  in  this  Order.  The  trichomes  of  5.  pubescftis^  A. 
Rich-  are  ordinary  unicellular  hairs.  Glandular  hairs  are  absent.  Oxalate  of  lime 
has  not  been  observed.    According  to  Pax  *.  in  the  secondary  cortex  of  the 


*  Pax,  in  Natiirl.  Pflanzen£uD.,  iii.  Teil,  Abt.  |,  1893,  p.  231. 
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rhizome,  secretory  cells  with  wide  lumina  occur ;  they  are  filled  with  dark 
brown  contents,  and  are  often  enlarge  in  the  tangential  direction.  They 
are  of  isodiametric  or  somewhat  elongated  tubular  form,  either  solitary  or 
a  few  together  forming  longitudinal  series. 


RHAMNEAE. 

This  Order  has  so  far  been  Uttle  investigated  anatomically  ^  According 
to  the  statements  extant  the  following  characters  may  be  mentioned  for  the 
diagnosis  of  the  Order :  the  usually  simple  perforation  of  the  vessels,  bor- 
dered pits  on  the  vessel-wall,  even  where  it  is  in  contact  with  parenchyma  of  the 
medullary  rays,simple  pitting  of  the  wood-prosenchyma, superficial  development 
of  the  cork,  the  absence  of  a  characteristic  type  of  stoma  and  the  frequent 
occurrence  of  mucilage-receptacles  (mudlage-cells  or  mucilage-cavities  of 
lysigenous  origin)  in  the  parenchyma  of  the  cortex  and  of  the  veins  of  the 
leaf.  Oxalate  of  lime  is  usually  excreted  in  the  form  of  ordinary  soUtary 
or  clustered  crystals,  which,  when  situated  in  the  mesophyll,  occasionally 
give  rise  to  transparent  dots  in  the  leaf.  Small  transparent  dots  in 
the  leaf  are  also  caused  by  the  pecuUar  long  needle-shaped  crystals 
(styloids),  which  are  extremely  characteristic  of  the  leaves  of  the  genera 
Crumenaria,  Gouania,  and  Reissekta^  which  belong  to  the  Gouanieae.  The  follow- 
ing special  features  occurring  in  the  leaf  may  be  mentioned  in  addition  to  the 
above  :  the  gelatinization  of  the  epidermis  in  many  members  of  the  Order,  the 
spicular  cells,  observed  in  SciUia  Cammersonii,  Brongn.,  and  the  secretory 
cavities  of  Karwinskiay  which  cause  transparent  dots  and  are  filled  with 
resinous  contents.  Glandular  hairs  are  wanting  on  the  leaf-surface,  but 
in  many  cases  the  leaf-teeth  are  differentiate  as  glands.  The  hairy 
covering  consists  chiefly  of  simple,  uniceUular  or  (owing  to  cross-walls) 
uniseriate  trichomes;  the  Australian  genera  Pomaderris,  irynuUium^  Spyriditmk, 
and  Cryptandra^  are  characterized  by  the  possession  of  stellate  hairs. 
Anomahes  in  the  stem-structure  have  not  been  demonstrated,  at  least  not 
with  certainty. 

The  transparent  dots  in  the  leaves,  and  the  anatomical  characters 
connected  with  them  have  been  thoroughly  investigated  by  Blenk.  With 
the  purpose  of  determining  the  general  features  of  the  leaf-structiure  I 
undertook  the  investigation  of  the  following  representatives  of  the  five  tribes 
of  the  Order  :  VenlUago  calyculatay  Tul.,  Zixyphus  cahpkylla^  WaU.,  Rkamnus 
saxatilis,  Jacq.,  Ceanothus  veluiinus^  Dougl.,  ColUtia  crenata^  Clos,  Gouania 
dotningensis,  L.,  and  Reissekia  cordifolia^  Endl.  In  all  these  species  the  stomata 
occur  only  on  the  lower  side  of  the  leaf.  Each  is,  as  a  rule,  surrounded  by 
several  epidermal  cells  in  an  irregular  manner;  in  Zixyphus  cahphylla  and 
Rkamnus  saxdtilis  alone,  stomata  sometimes  occur  which  are  bordered  on  one 
or  both  longitudinal  sides  by  one  or  more  subsidiary  cells  paraUel  to  the 
pore.  Gelatinization  of  the  epidermis  of  the  leaf  is  very  conunon.  Blenk 
has  met  with  it  in  species  of  Ventilago^  Paliurus^  AUcrorhamnus^  Berch^nia^ 
Rhamnusy  Hovenia,  Sageretia,  Gouania^  and  Reissekia  ;  in  addition  to  Reissekia 
cordifolia,  I  have  also  found  it  in  CoUetia  crenaia^  and  Volkens  in  Zixyphus  Spina 
Christiy  WiUd.  In  the  last-named  plant,  as  in  Ceanothus  veluHnus^  the  smaller 
veins  are  vertically  transcurrent.  Blenk  has  found  spicular  cells  in  the  leaf-tissue 


^  The  manascript  of  the  work  on  the  anatomv  of  the  Rhamneae  announced  by  Pnatl  in  Heft  t 
of  the  Arbeiten  tas  dem  Bresltner  bottDischen  Garten  it,  according  to  Weberbaner  (in  the  NatbL 
Pflanzenftm.).  completed,  bnt  still  nnpoblishcd.  A  nnmber  of  ttatements  derived  frooi  it  were 
pnbliihed  by  Weberbaner  (loc  dt),  and  are  therefore  taken  into  aocomit  in  what  IoUowb. 
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of  ScuHa  Commersonii^  Brongn.  (5.  capensis^  Eckl.  et  Zeyh.)»  which  cause  trans- 
parent dots. 

As  regards  the  features  presented  by  the  cnrstals  in  the  axis  and  leaf, 
it  may  in  the  first  place  be  stated  that  oxalate  of  lime  is  usually  found  in  the 
form  of  ordinary  dustered  and  solitary  crystals.  Both  kinds  of  crystalline 
elements  may  occur  side  by  side  ;  thus  in  VerUilago  nuuUraspatana^  for  exam]Je, 
the  veins  are  so  to  speak  sheathed  with  soUtary  crystals,  while  clustered 
crystals  are  present  in  the  mesophyll.  In  certain  cases  large  clustered  and 
solitary  crystals,  situated  in  the  palisade-tissue,  produce  transparent  dots  in 
the  leaf ;  Niz.,  according  to  Blenk,  soUtary  crystals  in  species  of  Karwinskia^ 
Rhamnus^  Rhamnidium,  Ceanothus^  and  Scuiia,  and  clustered  crystals  in  species 
of  Rhamnus,  Scutia^  and  Havenia,  According  to  Blenk  the  genera  Crtnnenaria^ 
Gottania^  and  Reisukia^  belonging  to  the  Gouanieae  (but  not  the  fourth  genus 
Hdinus)  are  characterized  by  a  special  crystalline  form  of  oxalate  of  lime, 
namely,  by  the  possession  of  styloids.  These  styloids  frequently  Ue  parallel  or 
obliquely  to  the  surface  of  the  leaf,  but  in  some  cases  at  right  angles  to  it,  and 
in  that  case  they  cause  very  small  but  distinct  pellucid  dots.  It  is  interesting  that 
in  Gouania  daminpensis,  which,  like  the  rest  of  the  species  of  Gouania^  contains 
styloids  in  its  leaf-tissue,  the  latter  are  not  present  in  the  axis  but  are  replaced 
by  clustered  crystals  (in  the  bast  and  in  the  primary  cortex),  as  well  as  by 
ordinary  short  solitary  crystals  (in  the  neighbourhood  of  the  secondary  hard 
bast). 

Of  internal  secretory  organs  the  following  have  been  observed :  firstly, 
idioblasts,  filled  with  brown  contents,  in  the  palisade-tissue  of  ColUtia  crenaia  ; 
secondly,  secretory  cavities  with  brown  contents,  which  are  insoluble  in 
alcohol,  in  the  leaves  of  Karwinskia  glandulosa,  Zucc,  in  which  they  cause 
opaque  dots  ;   thirdly,  mucilage-receptacles. 

The  mudlage-receptacles  have  recently  been  investigated  by  Walliczek  and  very 
thoroughly  by  Thouvenin  and  bv  Guignard  and  Colin,  who  extended  the  older  state- 
ments of  Th.  Hartig  (Forstl.  Rulturpfl.),  A.  Vogl  (Kommentar  zur  ostcrr.  Phar- 
makopOe ),  Fluckiger  ( Pharmakognosie),  Hohnel  and  Solereder.  According  to  Guignard 
and  Colin«  the  mudlage-receptacles  occur  in  species  of  Rhamnus,  Hovenia,  Ceanotkus^ 
PaJturus,  Ziryphus,  and  Gouania  ;  on  the  other  hand,  they  were  not  met  with  in 
the  investigated  species  of  Berckemia^  Sarcomphalus^  AlphiUmia,  Coiubrina,  Phylica^ 
Soiiia,  Pomaderrts,  CoUetia,  Cryptandra,  and  Trevoa.  In  general  the  mucilage- 
receptacles  are  not  characteristic  of  the  genus  ;  thus  they  occur  only  in  a  certain 
number  of  the  species  of  Rhamnus,  and,  in  some  of  these  again,  only  in  the  axis  and 
leaf,  in  the  others  only  in  the  leaf.  The  positions  in  which  the  mudlage-receptacles 
occur  are  the  inner  portion  of  the  primary  cortex  and  the  pith  in  the  axis,  and  the 
parenchyma  of  the  larger  leaf-vdns  and  of  the  petiole.  The  mucilage-receptacles 
are  either  cells  with  a  mudlafinous  membrane  (sometimes  of  the  same  size  as 
the  cells  surrounding  them,  but  usually  larger),  or  they  are  cavities,  which 
arise  in  a  lysigenous  manner  (often  from  groups  of  the  mucilaginous  cells). 
According  to  Guignard,  the  mudla^e-cavities  must  not  be  confounded  with  the 
lacunae,  which  are  sometimes  formed  by  the  splitting  apart  of  bands  of  cells  in  the 
cortex.  They  often  have  a  layer  resembling  an  epithelium  around  them,  so 
that*  without  taking  their  developmental  history  into  consideration,  they  might 
very  easily  be  regarded  as  schizogenous  secretory  receptacles.  The  growth  in 
thickness  of  the  branches  has  some  effect  on  the  mudlage-cavities  of  the  cortex,  so 
that  the  latter  become  compressed  and  flattened  in  the  tangential  direction.  In  the 
pith,  on  the  contrar>',  the  mucilage-receptacles  retain  their  form,  and  sometimes 
become  enlarged  to  such  an  extent  through  the  extension  of  the  gelatinization  that 
they  become  xisible  to  the  naked  eye  {Rhamnus  Frangula  and  Paiiurus  aculeaius). 
In  my  *  Holzstniktur '  I  hax'e  already  described  large  medullary  mucila^e-receptad» 
of  this  kind,  which  are  of  the  nature  of  canals,  as  occurring  also  in  Ventilago  maderas- 
paiana,  Gaertn.,  Paiiurus  austraiis,  Gaertn.  (->P.  acu/^a/M.  Lam.),  and  Zixyphus 
calopkylla,  WalL 

With  regard  to  the  hairy  covering,  it  has  already  been  stated  above 
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that  external  glands  are  not  present  on  the  surface  of  the  leaf*  but  that  the 
leaf-teeth  frequently  show  glandular  differentiation.  In  accordance  with  this 
circumstance  the  resinous  covering  of  the  leaves  of  many  species,  e.  g.  Ceanotkus 
velutinus,  is  probably  to  be  attributed  to  an  excretion  from  the  glanck  of  the  leaf- 
teeth,  this  excretion  being  found  not  below  but  on  the  cuticle  of  the  leaf-surfeure. 
The  glandular  leaf-teeth  of  Rkamnus  alinna  and  NoUea  africana  have  been 
investigated  in  detail  by  Reinke  ;  in  botn  plants  the  leaf-teedi  bear  a  sharply 
marked  apiculus,  which  in  Rhamnas  alpin%$$  is  composed  of  an  axile  strand 
of  elongated  cells  and  of  small  polygonal  fairly  isodiametric  elements,  in  NolUa 
africana  of  an  internal  group  of  cells  with  wedge-shaped  epidermal  cells. 
Otherwise  the  hairy  covering  usuaUy  consists  of  simple  trichomes,  which  vary 
in  length,  have  thick  or  thin  walls,  and  are  unicellular,  or,  owing  to  the  develop- 
ment of  thin  or  thick  division-walls,  are  multicellular.  The  four  nearly- 
aUied  genera,  which  are  characterized  by  the  possession  of  stellate  hairs,  have 
already  been  mentioned  above. 

The  petiole  has  been  investigated  by  Plitt  in  species  of  Rkamnus  only. 
Its  transverse  section  shows  an  arc-shaped  fibro-vascular  system  of  one  or 
more  vascular  bundles. 

The  structure  of  the  wood  was  investigated  by  me  in  species  of 
VentUago,  Paliurus,  Zizypkus^  ColUtia^  Discaria^  Gcuania^  Reissekia^  and 
Rkamnus,  The  medullary  rays  of  the  wood  are  of  varied  breadth  ;  the  vesseb 
vary  in  the  size  of  their  lumina  (maximum  diameter  — -03— 15  mm.).  Spiral 
thickening  is  present  on  the  walls  of  the  pitted  vessels  in  CoUetia  spinosa.  Lam., 
Rkamnus  Frangula^  L.,  and  R,  caikartica,  L.,  and,  according  to  Krause,  also  in 
Zixypkus  vulgaris  and  Adolia  ( =-  Scuiia)  buxifolia.  The  walls  of  the  pitted  vesseb, 
where  they  are  in  contact  with  parenchyma  of  the  medullary  rays,  are  generally 
provided  with  bordered  pits  ;  the  bordered  pits  in  the  corresponding  positions 
in  Gouania  glandulosa^  Boiv.,  are  less  distinct,  their  inner  apertures  being 
wider.  The  perforations  of  the  vessels  are  almost  always  simple  ;  in  Zixytkus 
calopkylla.  Wall.,  and,  according  to  Krause,  in  Pkylica^  scaiariform  poiora- 
tions  with  few  bars  have  been  observed  besides  the  simple  perforations.  The 
wood-parenchyma  is  little  developed.  The  wood-prosenchyma  has  simple 
pitting. 

Tne  structtire  of  the  cortex  has  been  little  investigated '  apart  from  the 
occurrence  of  the  above-mentioned  cortical  mucilage-receptacles.  The  cork, 
as  far  as  is  known  (Rkamnus^  Zixypkus)^  arises  subepidermally.    In  the  peri- 

g^cle  isolated  groups  of  bast-fibres  are  very  freouentlv  found  (acoonling  to 
uienard  and  Colin) ;  in  Zixypkus  ortkocantka^  bC.,  however  (according  to 
MdUer),  there  is  a  composite  and  continuous  ring  of  sderenchyma.  The  secoodmry 
bast  contains  bands  of  bast-fibres,  which  are  developed  in  varying  degree,  and  are 
usually  sheathed  by  slightly  sclerosed  chambered  fibres  with  soUtary  crystals. 
In  addition  to  the  solitary  crystals,  clustered  crystals  sometimes  {Rkamnus) 
occur  in  the  secondary  bast.  The  medullary  rays  of  the  cortex  in  Rkamnus  are 
filled  with  yellow  contents  (rhamnoxanthin,  frangulin),  which  are  coloured  red 
by  alkalies.  Finally,  it  may  be  mentioned  that  the  species  of  ColUHa  with 
reduced  leaves,  e.  g.  C.  ferox.  Gill,  et  Hook,  and  others,  are  characterised  by 
abundant  development  of  assimilatory  parenchyma  and  by  the  occurrence  of 
numerous  stomata  in  the  epidermis  of  the  branch. 

The  nature  of  the  pith  has  been  investigated  by  Gris  only  in  some  species 
of  Rkamnus  ;  in  these  the  pith  is  heterogeneous. 

Anomalies  of  stem-structure  are  not  yet  known  with  certainty  in  this  Order. 
Gouania  urticaefolia,  Reiss.,  Reissekia  cardifolia,  Steud.,  and  Zixypkus  Oenopiia, 
Mill. — all  three  being  lianes — are  normal  in  structure.    The  only  anomaloas 


^  MoUer's  inTcttigations  extend  00I7  to  tpeciet  of  Gniamim,  FaUmrus,  Rkmmmtu  tad  Zi^^pkms, 
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stems  are :  a  piece  of  stem  described  by  Kriiger  and  doubtfully  referred  to 
Gouania  ;  and  likewise  a  piece  of  an  axis,  belongiiu^  to  the  Marburg  collection, 
which  H.  Schenck  mentions ;  it  is  described  as  Couania  domingensis^  but  is 
wron^y  determined.  Both  specimens  possess  secondarily  formed  strands  of 
wood  in  the  phloem. 

Lttermtve :— Cludoo,  Tig.  lign«  dicoCylM.,  i.  Mto.,  Gand,  1867,  pp.  i4>i6.^Gris,  Moelle, 
NottT.  Arch.  Mas.  dliitt.  nmt,  t  vi,  1870,  pp.  26S,  269. — Reinke,  Sekretiooiorg.,  Pringtheim  Jmhrb., 
Bd.  X,  1876,  pp.  140,  141. — Moller,  Holianat,  Denkschr.  Wiener  Akad.,  1876,  pp.  93,  93  and  388, 
— Hohael,  Sdcretioosorg.,  SiU.-Ber.  Wiener  Akad.,  Bd.  Ixzxir,  Abt  i,  1881,  pp.  591, 59a.— MoUer, 
Rindenanat  ,  i88j,  pp.  890-4. — Blenk,  Flora,  1884,  p.  355  et  leq.,  separate  copy,  pp.  68-73. — 
Khiger,  AnomaL  HoUbild.,  Diss.,  Leipzig,  1884,  pp.  3J,  33.~Schube,  Blattarme  Pfl.,  Breslau,  1885, 
pp.  9,  io.~Solereder.  Holzstr.,  1885,  p.  101.— Plitt,  Blattst.,  Diss.,  Marburg,  1886,  p.  50.— Volkens, 
Aegypt-arab.  W.,  1887,  p.  1 15.— Thonirenin,  Struct,  des  Rh.,  Bull.  Soc.  d.  sc  de  Nancy,  s^.  J,  t.  iz. 
Case  2  J,  1888,  Paris,  1889,  pp.  xxi,  xxii,  abstract  in  Just,  1889,  i,  p.  697. — Guignard  et  Colin, 
R^  k  gonune  cbez  les  Rb.,  Bull.  Soc.  bot.  de  France,  iSSiB,  pp.  325-7. — Uoaliot,  Ann.  sc  nat., 
s^.  7,  t.  z.  1889,  p.  360.— Ron,  NnoT.  Giom.  bot.,  t.  xxi,  1889,  p.  J3J.— Lalanne,  Feoilles  perust. 
Act  Soc  Linn.  Bordeaux,  i^r.  5,  t.  it,  1890,  p.  106. — J.  £.  >\eis8,  Korkb.,  Denkschr.  Regensb. 
boc.  Gesellscb.,  1890,  p.  65.^H.  Scbcnck,  Anat.  d.  Lianen«  1803,  pp.  141, 14a — Wallictek,  Pringt- 
heim  Jahrb.,  Bd.  xxt,  1893,  p.  a6o  et  sea.— Weberbauer,  in  NatiirL  Pflamenfitm.,  3.  Teil,  Abt.  5, 
>^5t  pp-  394*  395.— W'ittUn,  BoL  CentraJbL,  1896,  iii,p.  loa— Knhla,  Phelloderm,  Bot  CentralbC, 
1897,  lit,  p.  199. — [Sayre,  Frangula  and  Cascara  bark,  Americ  Jonm.  of  pharm.,  1897,  n.  3.] 
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1.  Review  of  the  Anatomical  Features.  The  AmpeUdaceae  arc 
characterixed  by  the  possession  of  raphides,  the  prevalence  of  simple  perforations 
in  the  vessels,  and  wood-prosenchyma  which  bears  simple  pits  and  is  frequently 
septate.  The  development  of  cork  takes  place  either  in  a  superficial  layer  of 
the  cortex  or  in  the  pericycle.  The  pericycle  is  occupied  by  isolated  bundles 
of  hard  bast  or  by  a  composite  and  continuous  ring  of  sclerenchyma.  The 
stomata  do  not  possess  any  special  subsidiary  cells.  Oxalate  of  Ume,  besides 
occurring  asraphides,  is  excreted  in  the  form  of  small  acicular  crystals  and 
ordinary  soUtary  or  clustered  crystals.  Of  internal  secretory  elements 
only  mucilage-cdls  are  found.  The  hairy  covering  is  formed  by  simple  uni- 
cellular or  oniseriate  trichomes,  imiceUular  two-armed  hairs  and  unicellular 
spherical  glandular  hairs  with  short  stalks ;  to  the  last-named  category  also 
belong  the  pearl-glands  to  be  described  more  fully  below,  and  the  glandular 
structiu^s  resembhng  small  peltate  scales  (Fig.  52),  which  are  similar  to  the 
pearl-glands.  Tetrastigma  scariosum^  PL,  and  other  species  of  this  genus  possess 
a  pecuhar  anomalous  stem-structure  (described  by  H.  Schenck  as  *  repeated 
formation  of  cambium  in  the  phloem  '). 

2.  Structure  of  the  Leaf.  I)etailed  investigations  on  the  subject 
of  the  general  leaf-structure  are  still  wanting.  In  the  two  species  in- 
vestigated by  me  (Viiis  vinifera,  L.,  and  Leea  acumimUa^  Wall.)  the  leaf- 
stmctore  is  bifacial  and  the  palisade-tissue  consists  of  one  layer.  In  both  these 
species  the  stomata  are  surrounded  by  three  or  more  ordinary  epidermal  cells. 
In  Viiis  vinifera  the  stomata  are  restricted  to  the  lower  side  of  the  leaf ;  in  Le^a 
acuminata  they  also  occur  in  the  neighbourhood  of  the  veins  in  the  upper 
epidermis,  which  is  differentiated  in  a  slightly  papillose  manner.  In  both  the 
species  named  above,  the  vascular  bundles  of  the  larger  veins  contain  no  scleren- 
cnyma. 

The  features  presented  by  the  ciystals  in  the  leaf  are  more  accurately 
known.  The  characteristic  form  of  the  crystals  is  that  of  raphides  ;  the  sacs 
containing  them  can  very  frequently  be  recognized  with  a  lens  or  even  by  the 
naked  eye  as  transparent  dots  or  fine  striae.  Blenk  met  with  raphide-sacs  in 
aU  the  Ampelidaceae  investigated  by  him,  belonging,  if  we  take  into  considera- 
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tion  the  more  recent  systematic  literature  \  to  the  genera  ViHs^  Ampelocissus, 
Pierisanthes^  Tetrastigma^  ParikenocissuSy  Ampdopsis^  Rhoictssus^  Cissus^  and 
Leea ;  similarly  d'Arbaumont  also  found  them  in  the  axis  of  the  numerous 
species  which  he  examined.  The  raphide-sacs  vary  in  len^.  Besides  the 
raphide-needles,  they  contain  a  varying  amount  of  mucilage*.  Side  by 
side  with  the  raphides,  clustered  crystals  also  frequently  occur  in  the  meso- 
phyll.  The  latter  crystals  sometimes,  especially  in  species  of  Leea,  attain 
a  considerable  size,  and  thus  likewise  give  rise  to  traoisparent  dots,  e.  g.  in 
Leea  acuminata.  Wall.  It  may  be  added  that  a  third  type  of  transparent 
dots  in  the  leaf  of  the  AmpeUdaceae  is,  according  to  Blenk,  caused  by  large 
mucilage-cells.     Blenk  met  with  these  in  Vitis  ficifolia,  Bunge,  Parthenocissus 

?^inquefolia.  Planch.  ('  Ampelopsis  hederacea,  Michx.'),  Tetrastigma  serrulaium, 
lanch.  ('  Cissus  capreolata,  Don '),  and  numerous  American  as  weU  as  certain 
AMcan  and  Asiatic  species  of  Cissus  ;  according  to  WalUczek,  they  also  occur 
in  the  cortex  of  Partkenocissus  quinquefolia.  As  mudlage-contaimng  rapfaide- 
cells  occur  in  this  Order,  the  idea  is  suggested  that  the  mudla^-cells  in  question 
may  possibly  be  '  raphide-sacs  without  raphides,'  and  it  would  follow  that  their 
mucilage  would  belong  to  the  contents,  as  in  raphide-cells,  instead  of  being 
derived  from  the  membrane,  as  in  the  Malvaceae  ;  developmental  proof  of  this 
has,  however,  still  to  be  obtained. 

The  hairy  covering  has  been  examined  especially  in  the  stem  by 
d'Arbaumont.  It  consists  chiefly  of  clothing  hairs.  Of  widespread  occur- 
rence are  simple  uniseriate  trichomes,  which  either  have  blunt  or  pointed 
ends,  and  the  cells  of  which  are  more  or  less  distinctly  articulated  in  certain 
cases.  Side  by  side  with  the  simple  uniseriate  hairs,  simple  unicellular 
hairs  sometimes  occur  in  the  same  species  (Cissus  siriatus,  Ruiz  et  Pav.).  ThR 
dense  hairy  covering  of  the  lower  side  of  the  leaf  of  Ampelocissus  tameniosa. 
Planch.,  resembling  a  spider's  web,  is  formed  by  very  long  unicellular 
ribbon-shaped  hairs  ;  d'Arbaumont  observed  these  trichomes  also  on  the  branch 
of  Cissus  adnata.  Wall.,  Pterisanthes  dssoides,  Vitis  coriacea,  Shuttlew.,  F. 
lanaia,  Roxb.,  V,  rupestris,  Scheele  and  others.  The  occurrence  of  unicellular 
two-armed  hairs  is  deserving  of  notice;  their  exact  distribution  in  this 
Order  has  still  to  be  determined,  and  is  certainly  of  great  systematic  value. 
D'Arbaimiont  has  described  these  hairs  in  Cissus  antarctica.  Vent.,  as  well 
as  in  two  plants  of  the  Paris  Garden  under  the  names  Cissus  inaequUaterm  and 
Ampelopsis  hederaefolia.  The  two-armed  hairs  are  either  witlunit  a  stalk 
or  are  narrowed  below  into  a  stalk,  and  are  in  both  cases  inserted  on 
a  group  of  epidermal  cells  ;  their  arms,  which  are  of  equal  length,  either  lie 
in  the  same  straight  line  or  are  directed  upwards  so  as  to  form  an  acute 
angle '. 

Typical  glandular  hairs  are  rare ;  on  the  branch  of  Cissus  gongyhdes,  Borch., 
Jumelle  observed  shortly  stalked  external  glands  with  a  spherical  head,  consistiiig 
of  only  one  cell  and  sometimes  occurring  on  the  apex  of  an  emerRenoe  resembliJig 
a  shaggy  hair.  On  the  other  hand,  in  many  members  of  tm  Order  (Vitis 
vinifera,  V.  odoratissima,  V.  Sieboldii  ;  Ampelopsis  quinquefdia,  A.  Veitckii  ;   Cissus 

^  J.  £.  Planchoo,  Ampelideae,  in  Snites  ah  Prodrome,  toI.  ▼,  1887.  In  what  tbUowt,  however, 
I  do  not  nsnally  take  tccotmt  of  the  generic  and  ipedfic  terminoloej  of  this  moooKraph,  hot.  ia 
order  to  avoid  confosion,  quote  the  same  specific  names  (although  the^  may  he  synoajma),  as  aie 
employed  in  the  anatomical  works  concerned. 

*  According  to  Highley  (The  microscopic  crystals  contained  in  plants,  Americ  Natvialiat,  Nov. 
18S0)  the  raphides  of  Fitis  aativaliSt  V.  cmrdifoHa^  and  K.  vimiftf  consiit  of  photpkate  of  lime, 
while  the  clustered  crystals  present  in  the  older  stem  and  in  the  beniei  of  the  q>6ciei  named  ouMist 
of  tartrate  of  lime.  A  cntical  examination  of  this  and  of  other  similar  bat  very  doobdU  atatemcnts 
of  Highley's,  referring  to  members  of  other  Orders,  is  desirable. 

*  I  have  not  been  able  to  find  the  stellate  hairs  sUted  by  Blenk  to  oocnr  in  VUu  exfpkfUm^ 
Rich.  (  «  Cissus  Sckimpiri,  Hochst.). 
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htiet<ypkyUa^  C.  Hochsteileri,  C.  arieniaiis,  C.  quadrangularis,  C.  veltdina)^  what  are 
known  as  pearl-glands  occur ;  they  have  repeatedly  formed  the  subject  of  investi- 
gations (by  Hofmeister,  De  Bary,  d' Arbaumont,  Kreuz,  MuUer-Thurgau,  and  Penzig). 
The  pearl-elands  are  large,  usually  spherical  structures,  which  are  provided  with 
a  short  stalk.  Their  internal  portion  consists  of  very  laqge  polygonal  cells,  and  is 
cknhed  by  a  small-celled  epidermis,  which  in  each  gland  is  provided  with  a  stoma, 
nsually  found  on  the  side  opposite  to  the  stalk,  but  more  rarely  placed 
laterally.  The  cells  of  the  gland  are  rich  in  plastic  nutritive  substances  (proteid, 
fatty  cmI,  and  sugar),  and  thereby  indicate  the  biologic  significance  of  these  glands 
as  food-bodies.  The  pearl-glands  are  deciduous  structures,  and  do  not  always  occur 
in  equal  quantities  in  the  same  species  ;  e.g.  in  the  different  varieties  of  tne  vine. 
Their  differentiation  also  appears  to  be  dependent  on  the  vigour  of  the  plant  and  the 
humidity  of  the  air.  The  external  glands,  occurring  in  Leea  aequata^  L.  (Fig.  52,  B,  C) 
and  examined  by  me  in  detail,  are  in  some  respects  similar  to  the  pearl-glands  just 
described.  They  have  a  disc-like  form,  and  therefore  have  the  appearance  of  a 
small  peltate  scale,  perceptible  even  to  the  naked  eye  ;  they  had  previously  attracted 
the  attention  of  Qarke  \  who  mentions  that  these  glands  do  not  appear  in  any  other 
species  of  Lua  and  that  they  consequently  enable  Leea  aequata  to  be  easily  distin- 


Fm.  5a.    Aj  pMfl-f  land  of  the  viae.    ■-<:,  A«m  m^msU^  L.  : 
«  gUnd .  c,  Swuoeview  of  tbf  gUad.<-A,  after  Peiuig ;  »-<:,  original. 
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giushed  from  all  the  other  species.  The  glands  in  question  consist,  (a)  in  their  central 
part,  of  a  small  group  of  approximately  isodiametric  and  fairly  small  cells,  which 
apparently  represent  a  continuation  of  the  leaf- parenchyma,  and  (6)  of  epidermal 
cells,  which  are  elongated  like  palisade-cells,  are  radially  inserted  on  the  central 
portion,  and  form  the  greater  part  of  the  gland,  which  is  nearly  semicircular  in 
section.  Strictly  speaking  these  characteristic  epidermal  cells  are  broadened  hke 
wedges  from  the  central  part  towards  the  surface  of  the  gland,  as  indeed  the  form  of 
the  gland  requires.  They  are  filled  with  white  glistening  contents,  which  are  soluble 
m  eau  de  Javelle,  are  not  mucilaginous,  and  arc  not  stained  by  iodine-solution  or 
osmic  acid  :  they  combine  to  form  the  surface  of  the  gland,  each  of  them  having 
a  rounded-polygonal  external  surface.  This  characteristic  epidermis  is  only 
intermpted  at  one  place,  namely,  at  that  situated  diametrically  opposite  to  the 
point  of  attachment  of  the  gland,  where,  as  in  the  pearl-glands,  a  stoma  with  widely 
gaping  pore  occurs.  The  physiological  meaning  of  these  glands,  and  possibly  also 
their  relation  to  the  pearl-glands,  has  still  to  be  determined. 

It  remains  to  be  added  that  in  many  cases  the  leaf -teeth  secrete  mucilage  in 
the  bud. e.g.  in  Vitis  vinifeta,  According'to  Rcinkc,  the  leaf-teeth  of  I''f/f5  inntfera 
do  not  possess  a  special  type  of  structure  ;  they  onlv  contain  raphide-cclls  with 
abundant  mucilage,  and  the  termination  of  a  vascular  bundle,  and  they  have  a  few 
stomata  on  the  upper  side. 

A  RcTiiioo  of  tbe  Indian  kpccies  of  Z//<i.  Journal  of  Botany,  1881,  p.  164. 
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3.  Structure  of  the  Axis.  We  are  much  better  acquainted  with  the 
structure  of  the  axis  in  this  Order  than  with  that  of  the  leai  ;  the  former  has 
been  investigated  especially  by  d'Arbaumont  *. 

In  a  transverse  section  of  the  axis  one  is  especially  struck  bv  the  wide  lumina 
of  the  vessels,  which,  according  to  H.  Schenck,  in  Cissus  smcicaulis^  Planch., 
attain  the  greatest  diameter  (-40—58  mm.)  that  occurs  in  any  liane,  and  next 
by  the  broad  primary  medullary  rays  and  in  older  stems  also  by  the  broad 
secondary  medullary  rays  which  more  or  less  distinctly  split  up  the  xylem-mass 
into  lamellae  in  the  same  manner  as  in  ClemaUs  and  Arisiolochia.  As  in  CUmads 
the  medullary  rays  are  traversed  by  connecting  strands  of  tracheae. 

The  groundwork  of  the  wood  varies  in  appearance.  In  many  cases  the 
whole  of  Uie  xylem-tissue  (including  the  medultiuy  rays)  is  lignified.  In  other 
members  of  the  Order,  on  the  contrary  (especially  the  species  of  Cissus  with  soft 
stems),  the  outer  parts  of  the  medullary  rays  retain  their  thin  walls  and  remain 
unlignified,  or  the  whole  of  the  groundwork  of  the  wood  consists  of  unlignified 
parenchymatous  tissue  with  thin  walls,  in  which  the  vessels  are  embedded  in 
groups,  each  group  surrounded  by  a  sheath,  consisting  of  a  Uttle  lignified  wood- 
parenchjona  and  wood-prosenchjmia.  According  to  H.  Schenck«  the  structure 
last  described  occurs,  for  example,  in  Cissus  SeUoana  (Bak.)  Planch.,  C.  sulcic^uUs 
(Bak.)  Planch.,  C.  meliaefolia^  Planch.,  and  C.  sfcyofi^5,L.;  according  tod'Arbau- 
mont,  especially  in  C.  mollis^  Steud.  and  C.quadrangularis,  L.;  according  to 
Licopoli,  in  C.  aciia^  L.  Not  uncommonly  subsequent  dilatation  takes  place 
in  the  unlignified  tissue  of  the  medullary  rays,  as  weU  as  in  the  unlignified 
woodk>arenchyina  of  the  stems  last  referred  to. 

Tne  following  statements  may  be  made  regarding  the  individual  elements 
of  the  wood.  The  vessels  as  a  rule  have  simple  circular  or  dUptical  perfora- 
tions; side  by  side  with  these  I  was  also  able  to  demonstrate  scauuiform 
perforations  in  the  neighbourhood  of  the  primary  wood  of  Leea  aequaia^  L., 
as  Sanio  observed  in  Vitis  vinifera.  Where  the  vessels  touch  one  another 
scalariform  bordered  pits  are  found  in  VMs  vinifera^  in  Leea  aequaia^  and  accord- 
ing to  d'Arbaumont,  in  many  other  but  by  no  means  in  all  members  of  the 
Order;  where  ray-parenchyma  adjoins  the  vessels  I  observed  simj^  pitting 
on  the  vessel-wall  both  in  VMs  vinifera  and  in  Leea  aequata.  The  wood- 
parenchyma  is  generally  (apart  from  the  soft-wooded  species  of  Cissus 
mentioned  above)  restricted  to  the  neighbourhood  of  the  ves»eb.  The  wood- 
prosenchyma  bears  simple  pits,  and  the  lumina  of  the  fibres  are  usually  septate 
owing  to  a  few  thin  division-walls.  Besides  the  simple-pitted  wood-prosen- 
chyma  tracheides  are  sometimes  present ;  they  are  provided  with  scalariform 
bordered  pits  and  in  addition  are  often  spirally  thickened. 

The  pith  has  also  been  submitted  to  accurate  investi^^ation  by  d'Arbao- 
mont.  Among  his  results  we  may  briefly  mention  that  Uie  ceUs  of  the  pith 
have  walls  of  varied  thickness,  and  that  both  heterogeneous  and  homogeneous 
pith  occur. 

With  rq^ard  to  the  structure  of  the  cortex  the  periderm- formation  may  fiist 
be  mentioned.  Certain  species,  e.g.  Parthenodssus  {Ampelapsis)  quinquefdia^ 
Planch.,  form  periderm  very  early,  immediately  below  the  epidermis,  and  renew 
it  from  the  same  phellogen  for  many  years  (perhaps  even  as  long  as  the  plant 
Uves)  after  each  year's  production  has  been  bounded  by  a  layer  of  sclerotic 
cork.  In  some  species,  on  the  other  hand,  e.  g.  in  VUis  vinifera^  the  first  periderm 
arises  on  the  inner  side  of  the  primary  bundles  of  bast-nbres,  and  in  the  suc- 
ceeding years  ring-bark  is  formed ;   the  cork -cells  in  this  case  usually  have 


^  Unfortunately  the  plants  investigated  are  described  hj  d*ArbanmoQt  te  sa^  a 
and  even  incorrect  manner,  that  a  more  detail«i  aocooat  of  the  renlta  obtmlaad 
given  here. 
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thin  walls  and  only  solitary  cells  are  sclerotic.  Considered  from  the  systematic 
stand-point,  the  second  type  (internal  cork-formation),  according  to  d' Arbaumont, 
belongs  to  certain  species  of  VUis^  which  are  rather  closely  related  to  one 
another  and  are  termed  by  him  ViUs  verae '.  In  other  species  of  Viiis^  and 
also  in  all  species  of  Leea^  as  well  as  in  Cissus^  superficial  cork-formation,  as 
first  described,  is  present. 

In  connexion  with  the  cork  we  may  refer  to  the  lenticels,  which 
d*ArbaunK)nt  has  examined  in  detail  in  Ampelopsis  quinquefolia.  They  arise 
below  a  group  of  stomata,  at  the  centre  of  which  a  specially  large  stoma  is 
situated. 

The  primary  cortex  in  the  '  Vites  verae '  has  unusually  thin  walls  and  is 
not  coUenchymatous.  In  other  species  a  closed  (Ampelopsis  quinquefolia)  or 
interrupted  layer  of  coUenchyma  is  present.  Stone-cells  are  absent.  The 
occurrence  of  perforations  in  cells  of  the  primary  cortex  of  Cissus  aniarctica^ 
Vent.,  is  extremely  remarkable  (d'Arbaumont). 

The  pericyde  varies  in  its  nature.  In  some  members  of  the  Order,  e.  g.  in 
the  '  ViUs  verae*  of  d'Arbaumont,  isolated  groups  of  bast-fibres  are  found  at  the 
outer  limit  of  the  bast.  Between  these,  isolated  stone-cells  occasionally  occur, 
so  that  a  transition  is  afforded  to  the  composite  and  continuous  ringof 
sclerenchyma,  which  has  been  observed,  e.  g.  in  Cissus  capensis,  Willd.  The 
primary  bast-fibres  of  ViUs  vinifera^  &c.,  wluch  are  short-Uved  in  consequence 
of  the  internal  development  of  cork  (see  above)  occurring  in  these  species,  have 
unusually  wide  lumina  and  comparatively  thin  walls,  being  at  the  same  time 
septate  owinf  to  thin  division- walls  ;  those  of  Ampelopsis  quinquefolia  become 
strongly  thickened  and  sheathed  by  chambered  fibres,  which  contain  soUtary 
crystak.  Secondary  hard  bast  is  present  in  the  '  ViUs  verae,'  It  sometimes 
causes  (e.  g.  in  Vitis  vinifera)  distinct  stratification  of  the  bast.  The  secondary 
hard  bast-fibres  of  Vitis  vinifera^  which  are  described  by  MoUer  as  sclerotic 
parenchyma,  differ  essentially  from  the  primary  hard  bast-fibres  ;  they  are 
shorter,  more  abundantly  pitted,  and  are  quadrangular  in  cross-section,  but  they 
too  are  of  the  nature  of  fibres,  have  fairly  wide  lumina,  and  are  (Uke  the 
primary  fibres)  septate  by  means  of  one  or  two  thin  cross-walls.  With  regard 
to  the  elements  of  the  soft  bast,  it  is  worthy  of  note  that  in  ViHs  vinifera  the 
portions  of  soft  bast  separated  by  the  medullary  rays  are  placed  in  connexion 
with  one  another  by  strands  of  sieve-tubes,  which  traverse  the  medullary  rays 
transversely  (Wilhelm). 

Oxalate  of  lime  is  present  in  the  axis  in  the  form  of  solitary  crystals,  clus- 
tered crystals,  raphides  and  small  acicular  crystals  ;  the  latter,  which,  according 
to  d'Arbaumont,  are  present  in  the  primary  cortex  and  soft  bast  of  numerous 
membersof  the  Orderie. g.AmpelopsisdissectaXissusangulaia^Lam^.C'P^paiosa^ 
Bl.,  &c.),  are  essentially  distinguished  from  the  raphides  by  their  shortness  and 
by  the  fact  that  they  are  not  embedded  in  mucilage.  In  connexion  with  the 
crystalline  elements  of  oxalate  of  hme,  mention  may  be  made  of  the  peculiar 
bcxlies,  which  d'Arbaumont  met  with  in  many  s{)ecies,  and  the  chemical  substance 
of  which  he  designates  cissose.  The  sphaerocrystaLs,  which  are  developed  in 
alcohol-material  of  the  species  of  Cissus^  ap|)ear  to  consist  of  the  same  substance. 

So  far  only  the  normally  constructed  stems  have  been  discussed.  Accord- 
ing to  Schenck,  anomalous  structure  of  the  axis  is  known  only  in  a  single 
genus,  Tetrastigma^  and  in  the  first  place  in  T.  scariosum^  Planch.  It  is 
of  a  unique  type.  The  stem  of  7.  scariosum  is  strap-shaped,  and  at  first,  ac- 
cording to  Schenck,  whose  words  I  quote  below,  grows  in  thickness  in  a  normal 


*  To  tbcte  d*ArbaoiiiooC  nfen :  P'iiis  oistivaMs,  Michx.,  V.  amurtnsis,  Kvpr.,  V,  fomtumt, 
y.  iHttmmns^  V.  cmriaum,  Shottl.,  V.JUxu^a,  Tbunb..  \\  Labrusca,  L.,  V.  mmiu^i;  BockL, 
K./«r*0/M,  Roftlw,  y.  riparia,  Miclu.,  K.  sUifitiris,  K  vimi/tra,  L..  F.  mrgmioMO. 
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manner  to  a  breadth  of  i  cm.  '  As  in  the  soft  wood  of  the  Brazilian  Cissus^ 
stems,  broad  parenchymatous  primary  medullary  rays  separate  the  individual 
plates  of  wood  and  bast,  which  on  the  narrow  sides  of  the  stem  have  an  accele- 
rated growth.  In  each  strip  of  wood  and  bast  on  the  narrow  side,  a  narrow  strip 
of  cambium  is  then  newly  formed  from  phloem-parenchyma,  immediately 
inside  the  first-formed  strand  of  soft  bast,  which  is  covered  externally  by  a 
primary  bundle  of  sclerenchyma.  By  the  activity  of  the  newly  formcxl  strip 
of  cambium  a  new  strip  of  wood  and  bast  becomes  intercalated  in  the  prolonga- 
tion of  the  existing  tissues.'  Gik;  has  also  met  with  the  same  anomaly  in  other 
species  of  this  genus  (from  New  Guinea). 

Literature:  Hofmeister,  Allg.  Morph.  d.  C,  1868  p.  545.— Licopoli,  Stmtt  dd  faito  ddla 
WitUria  cAirunn's  e  del  Ciuus  acida,  Napoli,  1 87  a,  Tat.  Yig.  5-8.— Reinke,  Priagibetai  Tahrb.,  Bd.  i, 
1876,  p.  158.— M5ller,  Denkichr.  Wiener  Akad.,  1876,  pp.  66  and  363.^1>e  Baiy,  VeigL  AnaL. 
1877.— Penzig,  Anat.  e  morf.  delta  ritt,  Archir.  del  Laborat.  crittogam.  di  Pavia,  roL  It,  1878, 
p.  18.— D*Arbaiimont,  Stomatet  et  lentioelles  da  Cissus,  BalL  So&  boc  de  France,  18772pp.  '^  '"^ 
x8  et  ieq.— Krenz,  Sitx.-Ber.  Wiener  Akad.,  Bd.  Ixxzii,  AU.  a,  i88i.— IVArbawnoiit,  T%e  dct  A^ 
Ann.  ic  nat ,  tit,  6,  t.  xi,  1881,  pp.  186-355,  pi.  11-14.— MoUer,  Rindenanat,  i88a,  pp.  J07>ia — 
Caboni,  Anat  e  fisiol.  delle  foglie  delle  ritt,  Rirista  d'enol.  e  Wticolt  di  Cooeniaao,  icr.  a. 
Anno  vii — Blenk,  Flora,  1884,  p.  360  et  mo.,  separate  copy,  pp.  73-9. — Solereder,  HolaMr.,  '^5, 
pp.  loi,  102. — Eiielen,  Rhaphidcn,  Dim.,  tiallea.  S.,  1888,  p.  11. — Rjrder,  Hjpertroph.  htin  oa 
Am/tUpsiff  Proc.  Ac.  of  Nat.  Sc.  of  Philadelphia,  1889,  part  ti,  p.  155.— DodloC,  Ana.  tc  nat..  a^.  7, 
t.  z,  1889,  p.  359.— Baccali,  Anat  della  Ki/u  vim/era,  Landano,  1889,  31  pp.  000  a  taT.~MiUa^ 
Thnrgaa,  Perldhiien,  Weinbaa  a.  Weinhandel,  Jahirg.  Tiii,  1890,  n.  ao^  pp.  178,  179.— Slmbncr, 
Baa  a.  Verr.,  1891,  pp.  339-56.-11.  Schenck,  Anat.  d.  Lianen,  1S93,  pp.  I37'4i  *Bd  Tab.  m — 
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Jahrb.,  Bd.  xxt,  1893,  p.  214. — Mangin,  Thyllet  gommeuet  dans  le  Tigne,  Compt.  read.,  t  ezia« 
1895,  pp.  514-16.— Gilg,  in  NatiirL  Fflanzeniam.,  3.  Teil,  Abt  5,  1896,  pp.  433-5.— Ratbay,  A^ttt, 
TOO  Gonuni  in  der  Rebe,  Ace,  Jahresber.  a.  Progr.  d.  k.  k.  oooL  a.  pomoL  Lebramt  in  iCloitcr- 
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71,  1898,  pp.  i6i-ai8.j 

SAPINDACEAE. 

I.  Review  of  the  Anatomical  Features.  The  following  features  are 
specially  characteristic  and  are  of  importance  in  distinguishinf  a  member  of 
Sapindaceae  from  allied  Orders,  or  at  any  rate  from  Orders  which  are  similar  to 
the  Sapindaceae  in  habit :  on  the  one  hand,  the  composite  and  continuous  ring 
of  sclerenchyma  in  the  pericycle  (exceptions  :  VaUnxudia  and  Xanikocerms\  the 
simple  perforations  of  the  vessels,  the  Dordered  pitting  of  the  vessds,  even  wbere 
they  are  in  contact  with  parenchyma,  the  simple-pitted  wood-prosenchyma^ 
as  well  as  the  anomalous  stem-structure  occurring  in  not  a  few  members  ik  the 
Order,  and,  on  the  other  hand,  the  frequent  occurrence  both  of  secretory  ceUs 
and  of  small  external  glands ;  lastly,  the  presence  of  saponin.  In  neariy  all  cases 
the  formation  of  cork  is  superficial ;  it  is  internal  in  Doaonaea  and  DiskchosUmtom 
only.  As  a  rule,  the  stomata  are  irregularly  surrounded  by  several  epidennal 
cells  ;  in  HarpuUia  and  Conchapetalum  alone  do  subsidiary  cells  occur,  wliicb 
lie  parallel  to  the  pore.  Oxalate  of  lime  is  usually  present  in  the  form  of 
soUtary  and  clustered  crystals ;  crystal-sand  has  been  ooserved  in  the  epidermis 
of  the  leaf  of  Exoihea  ;  styloids  have  been  found  in  the  bast  of  Diatenopieryx. 
The  following  are  special  anatomical  features,  which  have  been  observed 
in  this  Order  and  are  important  for  detailed  diagnosis  :  the  frequent  gelalini* 
ration  of  the  epidermis  of  the  leaf,  the  papillose  differentiation  of  tbt  lower 
epidermis,  the  occurrence  of  thin  vertical  or  horizontal  division-walls  in  the 
epidermal  cells  of  the  leaf,  the  occurrence  of  hypoderm  below  the  upper  epidermis, 
and  of  sclerenchjona-fibres  in  the  mesophyU,  the  varied  nature  of  the  clothyLoff 
and  glandular  hairs— (among  the  former :  (a)  simple  uniceUular  tricbooMS  witE 
a  tendency  to  differentiation  as  two-armed  hairs,  and  (6)  tufted  haus ; 
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the  latter  :  small  peltate  scales) — &c.  As  regards  the  anomalies  in  the  stem- 
structure  the  following  types  occur :  (a)  a  compound  xylem-mass  in  species 
of  Serjania  and  PauUinia ;  (b)  a  divided  xylem-mass  in  a  few  species  of  Serjania ; 

(c)  a  reticulate  xylem-mass  in  species  of  PauUinia^  Serjania^  and  Thinouia ; 

(d)  a  grooved  xylem-mass,  which  subsequently  becomes  split  up,  in  species  of 
UrMUa  and  Serjania, 

2.  Structure  of  the  Leaf.  The  structure  of  the  leaf  as  also  that  of  the 
axis  has  been  submitted  to  a  thorough  investigation  by  Radlkofer,  who  mono- 
graphed the  Order  ;  in  the  following  pages  the  results  of  his  investigations  are 
given,  based  on  his  descriptions  in  the  '  Sitzungsberichte  der  Miinchener  Aka- 
demie,  1890,'  and  in  Engler's  'Natiirliche  Pflanzenfamilien  \' 

The  epidermal  cells  of  the  leaf  are  either  polygonal  or  undulated,  and  are 
often  provided  with  pits  in  the  bays  of  the  undulations,  more  rarely  on  the 
whole  of  the  external  wall.  Epidermal  cells  with  undulated  walls  and  with  pits 
in  the  bays  of  the  undulations  occur  (especially  on  the  upper  side)  either  in  all 
or  only  in  certain  species  of  the  genera  Atalaya^  CkytrafUhus^  Panama,  Lyck- 
nodiscus,  Melanodiscus,  Talisia,  Cecaniodiscus,  Hapiocoelum,  Euphoria,  Aero* 
spermum^  AUctryon,  Matayba,  Laccodiscus,  Aporrhiza,  Blighia,  Eriocoelum, 
Fhialodiscus,  Guioa,  Cupaniapsis,  Lepiderema,  Stortkocalyx,  Saraypieryx,  Tri' 
gonachras,  Taechima,  Syninui,  Sarcotoechia,  Arytera,  Mischacarpus,  Lepidope* 
talum,  ExotkeOf  Doraioxylon,  HarpuUia,  The  thick-walled  epidermal  cells  on 
the  lower  side  of  the  leaf  in  the  three  species  of  sections  I  and  II  of  Otaphora 
have  pits  on  the  whole  of  the  external  wall ;  similar  pits  are  also  found, 
especially  on  the  upper  side,  in  Placodiscus  and  some  species  of  Matayba,  EkU* 
toslachys,  and  Arytera,  Numerous  sclerosed  epidermal  cells  have  been  observed 
in  Matayba  purgans.  Other  special  features  of  the  epidermis  of  the  leaf  depend 
on  the  height  of  the  epidermal  cells,  which  is  considerable  in  OUyphora,  DeinMlia, 
and  Sarcopteryx ;  the  occurrence  of  deUcate  secondary  vertical  walls  in  the 
epidermal  cells  of  species  of  Macphersonia,  Euphoria,  Xerospermum  (section  II), 
species  of  AUctryon,  Heterodendron,  species  of  Tina,  Cupaniopsis,  and  Arytera  ; 
and  the  occurrence  of  division-walls  parallel  to  the  surface  of  the  leaf  in 
Ciipaniopsis  and  Gongrodiscus.  Gelatinization  of  the  epidermis  of  the  leaf, 
or  of  the  inner  walls  of  the  epidermal  cells  is  a  wide-spread  phenomenon ; 
not  uncommonly  this  takes  place  to  such  an  extent  that  the  cells  concerned  dis- 
place the  chlorophyll-bearing  tissue,  and  are  clearly  seen  in  the  dry  leaf  as  trans- 
parent dots.  The  mucilaginous  epidermal  cells  are  present  either  in  all  or  only 
m  some  of  the  species  of  a  genus,  and  in  the  latter  case  they  are  not  uncommonly 
characteristic  of  a  small  gi^up  of  closely  allied  species.  They  are  wanting 
almost  throughout  in  the  tribe  bapindeae  (with  the  exception  of  some  species  of 
Toulicia  and  DeinboUia),  in  the  Lepisantheae  (with  the  exception  of  Chytranthus 
and  Pancovia),in  the  Melicocceae(with  the  exception  of  TrisUra^nd  TrisHrapsis), 
in  the  Schleichereae  (with  the  exception  of  ScUeichera),  in  the  Nephelieae  (with 
the  exception  of  Pometia,  Heterodendron,  Pappea,  and  species  of  Jsephdium  and 
AUctryon\  and  in  the  Cupanieae  (with  the  exception  of  DHodendron,  Tripterth 
dendron,  Blighia,  Eriocoelum,  Phialodiscus,  Jagera,  Trigonachras,  Lepidopetalum). 
In  the  genera  of  the  remaining  tribes  the  occurrence  of  these  mucilaginous  cells, 
at  least  in  some  of  the  species,  is  the  rule,  but  with  the  following  exceptions  : 
Athyana  (Thouinieae) ;  trioglossum  and  Aphanococcus  (Aphanieae) ;  $tocksia 
(Koelreuterieae) ;  UogMiioa  (Cossignieae) ;  Lixodiscus  (Dodonaeesie) ;  HypelaU, 
Avcrrhoidium,  HipfK>bromus,  Doraioxylon,  GanophyUum  (Doratoxyleae) ; 
ConchopeUUum  (Harpullieae).  Of  the  genera  Serjania,  PaMinia,  and 
AUophylus,    which   are  the   richest   in   species,   the    last-named   is    distin- 


*  RAdlkofef't  clAHificttioo,  to  which  reference  will  repefttedly  be  nude  below,  is  ({noted  alto  Ia 
l*t  ladd,  and  bcooe  it  aooeMible  to  all 
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guished  by  the  fact  that  only  one  or  two  of  its  species  (A.  occidentalism  A.  velu- 
tinus^  A.  sericeus,  and  A.  inaequUaierus)  do  not  show  gelatinization.  In 
connexion  with  the  gelatinization  of  the  epidermis  of  the  leaf,  it  may  be 
mentioned  that  gelatinization  of  hypodermal  cells  has  been  observed  in 
Thinouia  obliqua  and  that  mucilaginous  cells  also  occasionaJly  (Serjania  com- 
munis) occur  in  the  interior  of  the  leaf.  Another  feature  not  unconmion  in 
the  Order  is  the  formation  of  papillae  on  the  lower  side  of  the  leaf.  In  this  case 
each  cell  is  produced  into  a  papula,  which,  in  most  of  the  plants  possessing  this 
structure,  ends  in  a  small  ja£;ged  crown  or  head  ;  cuticular  ridges  usually  run 
downwards  from  the  jaggea  prominences,  are  continued  over  the  external 
surface  of  the  cell,  and  (taking  the  shortest  route)  unite  with  those  of  the 
neighbouring  ceUs,  thus  forming  a  very  neat  network.  Formation  of  papillae 
occurs  either  in  all  or  only  in  certain  species  of  a  genus,  specially  in  the  tribe 
Nephelieae  (in  Euphoria^  OtonepkeUum^  Pseudonephelitim,  Likki^  NepheHum^ 
in  species  of  Alectryon  and  in  Podonephelium  Homei)  and  in  the  Cup^mieae  (in 
species  of  Cupania  and  Guioa,  in  DUodendron  to  a  slight  extent  and  in  Siortiuh 
calyx  and  Gongrodiscus)^  and  besides  these  in  Atalaya  hemiglauca  and  A.  varii- 
folia,  in  Plagioscyphus,  Cotylodiscus  and  Castanospora. 

The  stomaia  usually  only  occur  on  the  lower  side  of  the  leaf.  They  are 
present  in  abundance  on  both  sides  of  the  1^  in  some  of  the  Serjanieae  {Serjania 
californica,  S.  dssoides,  S.  sphenocarpa,  S.  trickomisca),  in  PaMinia  sonorensis^ 
in  Pappea  capensis,  Lepiderema  papuana  and  species  of  Dodonaea.  Some  spedes 
of  Serjania,  other  than  those  mentioned,  have  a  few  stomata  above  the  veins. 
As  a  rule  the  stomata  are  surrounded  by  a  ring  of  neighbouring  cells,  which  are 
not  of  special  form  or  specially  arranged.  Special  subsidiary  cdls,  placed 
parallel  to  the  pore,  have  been  met  with  only  in  HarpulUa  and  Conchop^alum, 
Among  the  special  features  of  the  stomata  we  may  first  mention  the 
occurrence  of  very  numerous  and  small  stomata  in  Toulicia^  Porocystis^ 
Sapindus,  Talisia,  TrisHra,  Schleichera,  in  the  Nephelieae  and  some  Cupanieae 
{DUodendron,  Molinaea,  Guioa,  Toeckima,  Sarcotoechia,  ElaUosUukys^  Aryterm^ 
Mischocarpus,  LepidopeUdum,  Paranephelium),  while  large  stomata  in  small 
numbers  occur  in  Aphania  and  OUyphora.  The  stomata  generally  lie  in  the  plane 
of  the  epidermis  ;  stomata  projecting  above  the  surface  of  the  leaf  are  present 
in  PanUinia  subcordala,  Cupania  rubipnosa  and  Melanodiscus,  stomata  simk 
below  the  plane  of  the  leaf-surface  in  Atalaya,  Plagioscyphus,  Cotylodiscus, 
Pappea,  and  more  or  less  in  all  leaves  which  are  characterized  by  formation  of 
papillae  (see  above).  The  stomata  of  Rhysotoeckia  deserve  special  notice ; 
they  have  a  wide  front  cavity,  over  which,  however,  a  dosing  membrane  with 
a  narrow,  round  opening  is  stretched. 

The  hy  poderm,  which  has  been  observed  on  the  upper  side  of  the  leaf  in  some 
members  of  the  Order,  is  dther  of  a  parenchymatous  or  of  a  prosenchymatoos 
nature.  Parenchymatous  hj^poderm  has  been  observed  in  Atalaya,  Talisia 
squarrosa,  Alectryon  macrococcus,  Cupania  triquetra,  spedes  of  Maiayba,  Mo- 
hnaea,  Storthocalyx,  Elattostachys,  Arytera,  Harputlia  and  Conckopeialum ;  it 
sometimes  has  the  same  contents  as  the  palisade-tissue,  and  in  the  spedes  of 
Cossi^nia  contains  a  rather  soft,  homogeneous  or  lamellated  substance,  the 
chemical  nature  of  which  is  not  known.  A  fibrous  hypoderm  in  the  form  of 
a  layer  of  fibres,  spreading  out  from  the  vascular  bundles  of  the  veins,  is 
devdoped  in  Euphoria  Garaneri  only. 

The  leaf-structure  is  usually  bifadal,  rardy  centric.  More  or  less  pro- 
nounced centric  leaf-structure  is  found  in  PauUinia  sonorensis,  ElaUasimckys 
vMensis,  completely  centric  structure  in  Lecaniodiscus  friaxinifoUus,  HeUro- 
dendron  oleifolium,  H,  diversifolium,  Koelreuteria,  Stocksia,  Erytkropkysa, 
Diplopeltis,  Dodonaea  plalyptera  and  other  spedes  of  Dodonaea  as  well  as  in 
Xantkoceras.    The  following  are  special  features  of  the  mewphyll :   sckno^ 
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chyma-fibres  occur  in  the  leaf- tissue  of  certain  species  of  Serjania  (S.  acutiientaia^ 
S.  ichikyocUma^  5.  obiusidentata  and  5.  paucidentata)^  PaMinia  sUnapetala^ 
Haplocoelum  imypUum  and  H.  trigonocarpum^  Cupaniopsis  inopiea  and  HarpuUia 
aeruginosa  ;  sclerenchymatous  cells  in  the  psdisade-tissue  in  Matayba  macrostyla 
and  Af .  tavarensis ;  the  lower  layers  of  the  spongy  parenchyma  become  sclerosed 
in  species  of  Xerospermum^  Matayba  tavarensis  and  M,  longipes.  We  may 
also  mention :  the  occurrence  of  large  mesh-Uke  spaces  in  the  spongy 
parenchyma  in  Otophara^  Plaposcybhus^  Otane{>kelium^  Pseudonephelium^  Eru 
androsiackys^  ParanepheHum^  uanophyUum,  ana  species  of  HarpuUia^  and  the 
almost  com]^ete  disappearance  of  the  intercellular  spaces  of  the  spongy  paren- 
chyma in  Talisia^  Melicocca^  species  of  Aleciryon^  Podonepheltum^  Pappea^ 
Tina^  Cupaniopsis^  Elattostachys^  Arytera^  Averrhoidium^  approximately  also 
in  Toulicta  ana  species  of  Atalaya  with  palisade-Uke  elongation  of  all  the  ceUs 
of  the  mesophyll ;  the  occurrence  in  the  mesophyll  of  a  middle  layer,  which 
contains  tanmn  in  Melanodiscus^  and  is  differentiated  in  other  ways  in 
Lecaniodiscus.  ElaUosiachys  viHensis^  &c. ;  transverse  septation  of  the  cells  of 
the  palisade-tissue  in  Eriandrosiachys^  species  of  Macphersonia^  in  Otonephelium^ 
species  of  Nephelium,  Pometia^  and  Alectryon^  in  Magonia  and  Xanthoceras; 
and  special  form  of  the  palisade-cells,  which  are  hour-glass-shaped  in  Lepidope* 
lalum^  shaped  Uke  a  top  in  species  of  HarpuUia^  scarcely  longer  than  broad  in 
Toeckima  and  Rhysotoechia,  and  provided  with  small  transverse  folds  in  ConckO' 
Malum.  A  fatty  substance  is  frequently  found  stored  in  the  cells  of  the  dry 
leaf,  especially  in  the  assimilatory  tissue. 

With  regard  to  the  structure  of  the  veins,  among  those  of  average  sixe, 
embedded  as  well  as  vertically  transcurrent  veins  have  been  observed ;  the 
latter  in  Bridgesia^  Athyana^  uiaienopteryx^  Thouinia^  Thouinidium,  Taulida^ 
PorocysHSf  Homea^  Plagioscyphus^  Euphoria^  Litchi^  Xerospermum^  Nephelium^ 
Alectryon^  Pappea^  Stadmannia^  Synima^  Mischocarpus,  Paranephelium.  The 
occurrence  or  absence  of  sclerench3ana,  accompanying  the  vascular  bundles  of 
the  veins,  is  important  for  the  characterization  of  species. 

In  the  petiole  of  most  of  the  woody  species  a  ring  of  sclerenchyma  surround- 
ing the  principal  system  of  vascular  bundles  appears  to  occur ;  occasionally 
medullary  ana  cortical  vascular  bundles  are  present  in  the  petiole  besida 
the  principal  system  of  bundles.  The  herbaceous  species  Cardiospermum 
Haltcacabum  possesses  four  isolated  vascular  bundles  in  the  petiole  (Petit). 

Internal  secretory  elements  are  present  only  in  the  form  of  secre* 
tory  cells,  which  not  uncommonly  produce  transparent  dots  or  small  striae  in 
the  dry  leaf.  Two  forms  of  secretory  cells  are  found  ;  in  many  species  they  occur 
side  by  side,  being  either  sharply  distinguished  or  merging  into  one  another ; 
they  appear  in  the  form  of  {a)  elongated,  tubular  secretory  cells,  i.e.  'secretory 
sacs '  which  run  in  uniseriate  rows  of  variable  length  near  the  lower  epidermis 
either  in  the  neighbourhood  of  the  vascular  buncUes  or  independently  of  the 
latter,  and  (6) '  secretory  cells '  which  are  rounded  or  of  irregular  shape,  and 
occur  in  the  palisade  or  in  the  spongy  tissue,  or  at  the  boundary  of  the  two. 
In  the  living  plant  the  contents  of  these  secretory  cells  no  doubt  always  resemble 
latex.  In  herbarium-material  they  show  varying  features,  being  either  clear  and 
colourless  or  turbid  and  varying  in  colour  from  yellowish  brown  to  brownish 
black.  In  like  manner  the  contents  behave  in  different  ways  towards  solvents, 
such  as  water  and  alcohol,  and  occasionally  form  a  froth  with  water,  which 
leads  one  to  infer  the  presence  of  a  substance  like  saponin.  The  contents  of 
the  secretory  cells  of  Siocksia  and  Erythrophysa  give  a  tannin-reaction,  while  in 
Paranephelium  chlorophyll-grains  are  present  in  the  secretory  cells.  Further 
investigation  is  required  to  determine  whether  the  poisonous  properties  of  many 
Sapindaceae  are  due  to  the  contents  of  the  secretory  cells  in  question.  Regarcl- 
tag  the  distribution  of  the  secretory  cells  and  their  consequent  systematic  ^ue, 
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mention  may  first  be  made  of  the  fact  that  these  elements  are  usually 
constant  for  a  species,  although  the  abundance,  in  which  they  occur,  is 
not  always  constant  in  the  same  species.  The  secretory  cells  were  found 
not  to  be  constant  in  the  following  species  only  :  UrviUea  ulmacea^  Sapindus 
Saponaria^  5.  Mucarossi,  Xerospermum  Naronkianum^  and  Guioa  gluucm. 
Secretory  ceUs  (including  secretory  sacs)  have  not  been  observed  :  in  species  of 
Atalaya^  Sapindus,  DeinboUia,  Harnea  ;  in  the  Aphanieae  except  in  species  of 
Erioglossum  and  Aphania ;  in  LepisatUhes,  ChyiranihuSf  Lychnodiscus^  Placth 
discus,  Melanodiscus,  Crossanephetis ;  in  the  Melicocceae  exc^t  Castanospora 
and  Tristiropsis  ;  in  the  Schleichereae  except  Haplocoelum ;  in  the  Nepheueaie 
except  Euphoria  and  Pappea,  species  of  Xerospermum,  Nephdium,  and  PomeHa  ; 
in  certain  Cupanieae,  nanoely  in  Scyphonychium,  Pseudima,  Laccodiscus, 
Aporrhixa,  Bltghia,  Eriocoelum  racemosum,  Phiaiodiscus,  species  of  Guioa, 
Cupaniopsis,  and  Rhysotoechia,  in  Didyoneura,  Sarcofteryx  Marfyana,  lagera 
lah folia,  species  of  ElaUostachys,  Arytera,  and  LepiaopeUdum ;  and,  finally, 
among  the  Dyssapindaceae,  in  Koelreuieria,  Loxodiscus,  DiphpelUs  pro  parte, 
in  species  of  Dodonaea,  in  Exothea  CopalUlo,  in  Doraioxykm,  Ganopkyttum, 
speaes  of  HarpuUia,  in  Xanihoceras  and  Ungnadia.  Lastly,  the  secretory 
cells,  when  small  or  not  characterized  by  special  contents,  are  occasionaUy 
difficult  to  demonstrate,  and  within  certain  genera,  which,  like  Serjanim^ 
possess  both  kinds  of  secretory  cells  onlv  in  a  certain  number  of  their  species, 
groups  of  alUed  species  are  occasionally  distinguished  by  the  absence  of 
secretory  cells. 

Oxalate  of  lime  is  excreted  in  the  leaves  in  the  form  of  ordinary 
soUtary  and  clustered  crystals,  in  one  case  {Exoikea)  of  crystal-sand  also. 
In  species  of  Patdlinia,  Cny^anthus,  Pancovia,  Xerospermum,  PomeHa,  GafUh 
fhyUum,  Filidum,  and  Conchopeialum  cr^tals  occur  in  the  epidermis  of  the 
les^,  whilst  crystal-sand  is  found  there  in  Exothea  CopaliUo.  In  the  mesoph^ 
either  soUtary  crystals  alone  (occasionally  in  the  form  of  straight  or  bent  rod- 
shaped  crystals  in  the  palisade-tissue)  have  been  observed,  or  clustered  crystals 
or  both  kinds.  Accompanying  the  vascular  bundles  of  the  veins  solitary 
crystals  are  usually  present,  more  rarely  (e.g.  in  Cardiospermum  and  Bridgesia) 
clustered  crystals. 

The  hairy  covering  consists  of  clothing  and  glandular  hairs.  The 
former  are  generally  bristle-Uke,  unbranched  and  umcellular  or  provided 
with  two  or  three  thin  cross-walls  in  the  lower  portion.  A  special  form  of  these 
trichomes  is  constituted  by  quite  short  hairs,  the  bases  of  which  are  swollen 
into  a  spherical  form,  usually  spirally  striate,  and  sunk  below  the  eoidennal 
cells.  This  form  of  hair  with  striation  of  the  basal  portion  is  found  in  Pancovia, 
Matayba,  and  Xerospermum  (section  I,  Tetrasepdum),  and  without  striation 
in  ChyirafUhus,  The  hairs  of  PetUascyphus  also  show  striation  of  the  basal 
wall.  Another  nuxlification  of  the  bristle-hairs  occurs  in  Lychnodiscus,  some 
Nephelieae  (Nephelium,  PomeHa,  Aledryon,  Stadmannia)  and  species  of  MaUyba 
(M.  glaberrima,  M.  paucijuga,  M.  arborescens,  M.  floribunda),  to  which  a 
tendency  of  the  trichomes  to  become  two-armed  is  pecuUar.  Lastly,  nmlti- 
ceUular  tufted  or  stellate  hairs  occur  in  Euphoria  (except  E.  Gardner^,  Cossigma^ 
HarpuUia,  ArfeuUlea,  and  Xanihoceras,  m  some  cases  besides  simple  hairs. 
Glandular  hairs  are  widely  distributed  and  are  perhaps  present  on  yoon£ 
leaves  throughout  the  Order.  The  most  frequent  forms  are  small  external 
glands  with  a  short,  few-celled  and  uniseriate  stalk  and  a  smaU  few-cdied 
usually  oval  head,  which  is  bent  over.  The  following  types  require  special 
mention :  the  depressed  glands  of  the  Aphanieae  except  Erio^Unsmm^  of 
the  Sapindeae  DetnboUia,  Sapindus  and  Homea  (in  the  last  two  genera  with 
peculiar  obUque  insertion  of  the  glands  on  the  inner  surface  of  small  de- 
pressions), of  the  Lepisantheae  Lep^nthes  and  Otophora  (with  the  exoeptioo 
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of  0.  alata^  which  has  no  glands),  of  the  Cupanieae  Pseudima^  Rhysotoechia 
(except  R.  flavescens^  which  has  no  glands)  and  Matayba  pro  parte.  The  external 
glands  show  transitions  to  small  multicellular  peltate  scales  in  Lychnodiscus 
and  Smelophyllum  among  the  Lepisantheae,  m  Lecaniodiscus  fraxinifolius 
among  the  Schleichereae,  in  Stadmannia  among  the  NepheUeae,  in  the  section 
Mizapetalum  of  the  genus  Cupaniopsis^  in  Lepiderema^  Didyoneura,  and  the 
section  Axarytera  of  the  genus  Aryiera  among  the  Cupanieae,  and  in  species 
of  Dodonaea^  in  Ganophyllum  and  Filidum  among  the  Dyssapindaceae ;  in  these 
the  shield  either  exiiibits  radially  placed  ray-cells  (Arytera)  or  irregularly 
arranged  polygonal  cells  {Filidum^  Ganophyllum^  and  Stnelophyllum).  In 
some  genera  the  external  glands  are  characterized  by  specially  large  size, 
e.g.  in  MelanodiscuSf  Crossonephelis,  Talisia^  and  in  the  Dyssapindaceae,  e.g. 
in  Uagunoa  and  Loxodiscus^  in  which  the  external  glands  are  of  much  more 
complicated  structure  (analogous  to  what  are  termed  glandular  shaggy  hairs 
with  a  secretory  palisade-like  epidermis)  and  occasio^adly  contain  clustered 
and  solitary  crystals  in  the  head  of  the  gland ;  in  other  cases,  e.g.  species  of 
Serjania^  and  in  Erioglossum  and  Podonephelium  the  external  glands  are  charac- 
terized by  the  head  being  distinctly  delimited  towards  the  stalk,  and  in  PauUinia 
obcvaia  by  their  occurrence  in  pairs.  Lastly,  those  members  of  the  Order  may 
be  mentioned  in  which  it  has  not  been  possible  so  far  to  obser\'e  glandular 
hairs.  These  are :  Valemuelia ;  Toulicia^  Parocystis ;  Otophora  alata ;  Chyiran* 
thus^  Pancovia^  Placodiscus  ;  Melicocca^  GUnniea^  Castanospora^  Eriandrosiachys^ 
species  of  Macphersonia^  Tristiropsis^  Tristira ;  the  ^chleichereae  (except 
Lecaniodiscus  fraxinifolius,  which  has  glands  resembling  small  peltate  scales); 
among  the  Cupanieae  species  of  Cupania^  Matayba,  Tina,  Molinaea^  and  Phia- 
lodiscus^  Startnocalyx,  Trigonackras  acuta^  species  of  Toechima  and  Arytera 
(excluding  the  species  of  Azarytera  viiXYi  small  peltate  scales);  finally,  several 
Dyssapindaceae,  namely  sixxics  of  Dodonaca  and  Harpullia,  Conchopctalum 
and  Xantkoceras, 

The  external  appearance  of  the  dried  leaf,  depending  on  the  presence 
of  special  contents  in  the  epidermis  and  mesophyll,  is  not  without  syste- 
matic value.  Special  contents  of  the  epidermis  cause  the  lead-grey  or  yellowish 
laeen  colour  of  the  dried  leaf  in  the  Aphanieae,  Lepisantheae,  and  some  Cupanieae 
(Rhysotoechia),  The  chocolate- brown  colour  of  the  lower  side  of  the  leaf  of 
(Jtohhora  is  due  to  the  tannin-contents  of  the  mesophyll.  The  leaves  of  Nephelium 
ana  Guioa  show  a  similar  brown  coloration,  the  leaves  of  ElaUostachys  have 
a  MackLsh  brown,  those  of  Harpullia  a  blackish  ereen  colour.  The  young  leaves 
of  Otophora,  Talisia,  Schleichera,  Pometia,  and  Nephelium  are  characterized  by 
a  red  coloration  (as  in  those  of  the  Leguminous  genus  Brownea,  which  in 
gardens  is  occasionally  confounded  with  Talisia),  Finally,  the  sticky  resinous 
coating,  which  covers  the  epidermis  of  the  leaf  and  branch  in  many  species  of 
Dodonaea^  in  Uagunoa  glandtdosa,  Ganophyllum,  and  Filicium,  is  the  secretion 
of  the  external  glands. 

3.  Structure  of  the  Axis.  The  most  important  character  of  the  cortex 
for  the  anatomical  diagnosis  of  the  Order  is  the  occurrence  of  a  composite  and 
contmuous  ring  of  sclerenchyma  at  the  outer  limit  of  the  bast.  Primarily  this 
sclerenchyTnatous  sheath  consists  almost  entirely  of  bast-fibres  ;  subsequently 
groufis  of  stone-cells  insert  themselves  between  the  bast-fibres.  The  composite 
and  continuous  ring  of  sclerenchynna  in  question  is  found  in  all  the  Sapindaceae 
Hith  the  exception  of  the  two  monotypic  genera  Valenzuelia  and  Xanthoceras ; 
in  these,  isolated  primary  groups  of  bast-fibres  alone  are  present  in  the  ix?ricycle, 
Injt  in  their  neighbourhood  sclerenchyma  of  the  nature  of  rod-cells  occurs 
in  Valenzuelia,  The  primary  hard  bast-fibres,  especially  those  with  wide 
lumina,  occasionally  show  thin  cross-walls  in  small  numbers  (Cardiospermum 
Haiuacabum,   Serjania  piscatoria,  S.   cuspidata^   &c.).    Within   the  ring  of 


332  SAPINDACEAE 

sclerenchyma  the  secondary  cortex  of  herbarium-branches  poaseases  no 
secondary  bast-fibres  or  only  few  and  small  groups  of  them^  and  m  their  place 
sclerosed  rod-cells  are  occasionally  found  {Eriandrostackys  Ckapdien^  Poiom^ 
phelium  Hornet),  In  the  seconcfary  bast  of  Magama  groups  of  stone-ceOs 
occur ;  in  other  cases  bands  of  bast-fibres,  which  include  stone-ceUs.  The  latter 
in  Thouinia  striata  and  Stadmannia  Siderox^^on  are  united  into  regular  inner 
sclerenchyma-rings.  In  the  sieve-tubes  both'simj^e  and  scalariform  sieve- 
plates  occur.  Ine  primary  cortex  shows  coUenchymatons  tissue  espedaDy 
m  the  angles  of  the  branch  in  those  species  which  climb  by  means  of  tendrils ; 
in  other  cases  the  external  portion  of  the  primary  cortical  parench]nacia  is  ctttn 
differentiated  as  coUenchyma.  Groups  of  stone-cells  are  not  uncommon  in 
the  primary  cortex,  e.g.  in  Atalaya  muUiflora^  Sapindus  RMrmk^  MdiooecM 
bijuga^  Talisia  pulverulenta ;  in  Taulicia  guianensis  band-shaped  gnmps  of 
these  Stone-ceUs  are  fused  so  as  almost  to  form  a  ring.  The  devdopment  of  cork 
almost  always  takes  place  subepidermally  or  at  least  in  one  of  the  adjoining 
outer  layers  of  the  pnmary  cortex  (the  latter,  e.g.,  mspedesof  OtojMkora,  Lepi$- 
atUheSy  talisia^  Nepkelium,  Stocksia).  Dodonaea  and  uistickosUnum^  however, 
form  a  noteworthy  exception.  Here  the  formation  of  cork  begins  immediately 
within  the  sclerenchyma-ring ;  the  phellogen  not  onlv  forms  cork  on  its 
outer  side,  but  also  phelloderm  on  its  inner  side,  and  subseauently  a  new 
phellogen  is  formed  within  a  second  ring  of  sclerenchyma,  whidi  arises  at  the 
inner  limit  of  the  phelloderm  ;  this  ring  of  sclerenchyma,  however,  contains  no 
true  bast-fibres,  but  only  rod-cells.  In  a  similar  manner  the  formation  of  a 
third  ring  of  sclerenchyma  takes  place,  and  so  on,  f<dlowed  each  time  by  new 
cork-formation,  so  that,  while  the  outer  layers  become  thrown  off,  a  nraltipie 
(2-4-fold)  zone  of  sclerenchyma  and  cork  is  retained  on  tbe  branch.  The  ceUs 
of  the  cork  usually  have  fairly  thin  walls  ;  one-sided  sclerosis  of  the  inner  or 
outer  (Laccodiscus)  tangential  walls  of  the  cork-cells,  however,  occurs  in  varioos 
genera,  and  Ukewise  (Blighia)  thickening  of  all  the  walls  in  some  of  the  oeDs. 

The  followinc;  statements  may  be  made  regarding  the  stnurtore  of  the 
wood.  The  medullary  rays  almost  throughout  the  Order  are  narrow,  usually  i-^ 
at  the  most  3-4  cells  broad.  Even  the  PauUinieae  with  anomalous  stmctore 
have  no  broad  medullary  rays  ;  comparatively  broad  rays  Mrere  found  in  places 
in  Serjania  faveolata  and  Erioglossum  rubipnosum.  The  vessds  mostly  have 
a  diameter  of  medium  size  (viz.  •03--o6  mm.),  but  in  TouUdM^  Hormm^ 
Melicocca^  Tristiropsis^  Pometia^  EruKoelum  and  other  genera,  they  have  wider 
lumina  (diameter  »  -07—08  mm.) ;  vessels  with  still  wider  hnnina  (over 
I  mm.  in  diameter)  are  found  only  in  the  PauUinieae,  which*  as  is  well 
known,  are  Uanes,  and  constantly  have  very  wide  vesseb.  The  vcsMb 
almost  always  have  simple  perforations ;  only  in  a  few  cases  {HmpmUis^ 
Lecaniodiscus  cupaniaidesj  Placodiscus  iurbinatus^  Coiylodiscus  sisUckimihm) 
have  scalariform  perforations  with  few  bars  been  obsored  in  the  neighboor- 
hood  of  the  primary  wood.  The  walls  of  the  vessels,  even  where  they  are  in 
contact  with  ray-parenchyma,  are  furnished  with  bordered  pits.  More  or  less 
distinct  spiral  stnation  of  the  vessel-walls  is  found  in  ValeniudU^  Kodrtklmm 
paniculata^  Stocksia,  Dodonaea  muUijuga^  and  other  spedes  of  DodofUim.  The 
wood-prosenchyma,  which  forms  the  groundwork  of  the  wood,  bears  simplejpits. 
Isolated  thin  cross-walls  occur  here  and  there  in  the  pro8ench]nEna-cdb  of 
almost  all  the  genera ;  septate  prosenchyma-cells  of  this  land  have  not  been 
observed  in  the  spedes  of  ^erjama^  PauUtnia^  and  UrviUea  of  tribe  I,  in  K«bii- 
xuelia  of  tribe  II,in  Cossignia  (induding  Mdicopsidium)  and  Llagumoa  of  tribe  XI, 
in  Loxodiscus^  DiphpelUs^  Dodonaea  pro  parte  and  DisHchosiemam  of  tribe  XII, 
in  HarpuUia  pro  parte  and  Xanthoceras  of  tribe  XIV.  With  regard  to  the 
elements  of  the  wood-prosenchjona  it  should  be  noted  that  a  wide  lumen,  such  as 
is  found  in  the  lime-tree,  for  example,  does  not  occur  anywhere  in  the  Order :  as 
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a  consequence  of  this  the  wood  of  the  Sapindaceae  is  generally  characterized 
by  haroness  and  firmness.  The  wood-prosenchyma  usually  possesses  thick 
walk  and  lumina  which  are  not  very  narrow  ;  it  has  relatively  wide  lumina, 
e.g.  in  PofocysHs  toulidoides^  Toulicia  gmanensis,  and  Kodreuieria  paniculaia ; 
it  has  very  thick  walls  and  narrow  lumina  in  Dodonaca  and  species  of  Dts- 
HchosUmon^  in  Cossignia  binnaia  and  Lepisanihes  deficiens.  Occasionally  (e.g. 
in  Xerospermum  iforonmanum)  wood-prosenchyma  with  thick  walls  and 
narrow  lumina  is  present  in  the  same  plant  as  the  form  with  wide  lumina ; 
the  latter  then  contains  starch,  which,  however,  also  occurs  now  and  then 
{Erytkrophysa  undulata)  in  the  ordinary  wood-prosenchyma.  According  to 
HdhneU  a  tier-like  arrangement  of  the  wood-nbres  and  of  their  terminal 
pits  (but  not  of  the  medullary  rays)  causes  the  tier*like  structure  of  the 
xylem-mass  of  Apkania  senegaiensis.  The  wood-parenchyma  is  usually  not 
developed  in  abundance.  It  occurs  in  greater  amount,  at  the  same  time 
forming  tangential  bands,  only  in  Sapindus  trifoliaius  and  S.  oahuensis^  Deifh 
boUia  pinnaia^  Hebecoccus  ferrugineus,  Lepisanikes  acuminata^  and  L.  deficiens^ 
Mdicocca  biiuga^  and  Magonia  pubescens.  Finally,  the  parenchymatous  wood 
of  Dilodenaron  bipinnalum  is  characterized  by  a  kind  of  gummy  meta- 
morphosis, a  substance  resembling  gum  being  excreted  in  the  vessels  and  in 
canal-Uke  cavities. 

The  pith  not  uncommonly  contains  isolated  stone-cells,  or  groups  of 
them.  In  Molinaea  cupanioides  and  M,  retusa  the  pith  consist  almost 
entirely  of  stone-cells.  In  species  of  Toulicia,  Guioa  and  Mischocarpus  nidi- 
mentary  vascular  bundles,  or  bundles  consisting  of  fibres  only,  are  met  with  in 
the  pith. 

The  tcretory  organs  and  the  features  presented  by  the  crystals  in  the  axis 
still  require  a  more  detailed  description.  The  secretory  cells  are  more  difficult 
to  demonstrate  than  in  the  leaf.  They  may  occur  in  the  primary  and  secondary 
cortex  as  well  as  in  the  pith.  In  certain  genera  secretory  cells  are  found  only  in 
some  of  these  tissues,  e.g.  in  VaUmuelia  and  Stocksia  in  the  primary  cortex 
only ;  in  other  cases  they  occur  in  all  these  tissues,  e.g.  in  certain  species  of 
Tkouinia  and  Cupania.  In  most  cases  the  secretory  cells  are  elongated  in  the 
vertical  direction,  especially  those  situated  in  the  bast.  Shorter  secretory 
cells  are  specially  peculiar  to  the  pith  and  primary  cortex.  The  lumina  of 
the  secretory  cells  are  frequently  of  considerable  size,  especially  in  the  case  of 
the  secretory  cells  of  the  bast  and  primary  cortex,  while  those  of  the  pith  are 
generally  small.  As  examples  of  secretory  cells  with  wide  lumina,  those 
situated  in  the  primary  cortex  of  Plagioscybhus  cauliflorus  with  a  diameter  of 
-f  08  mm.  or  more  may  be  mentioned,  as  well  as  the  secretory  cells  of  the  hast  of 
Synima  Cardierii  with  the  relatively  considerable  diameter  of  -036  mm.  In 
a  transverse  section  of  the  branch  the  secretory  cells  of  the  primary  cortex  and  of 
the  pith  are  usually  isolated,  while  those  of  the  secondary  cortex  frequently 
form  groups,  e.g.  in  Jagera  pseudarhus,  Pametia  tameniosa^  thinoma  myrianika. 
The  secretory  cells  of  the  primary  cortex  in  ^rticular  are  arranjeed  in  lon^- 
tudinal  series  (e.g.  in  Toulicia  megalocarpa,  PUgioscypkus  cauliflorus^  ZoUtH' 

Jeria  macrocarpa.  Tristiropsis  aculangula,  Hapiocoelum  inopleum^  Xerospermum 
)foronkianum,  Cutania  americana,  and  in  others),  more  rarely  also  those  of 
the  pith  {AUophyllus  Cobbe)  and  of  the  bast  (Valenzuelia,  ZoUingeria  macro- 
carpa,  Casianospofa  Alphandi,  &c.).  In  the  primary  cortex,  in  the  pith,  and 
likewise  in  the  bast  of  VaUmuelia  these  longitudinal  series  are  many-celled, 
while  in  the  bast  of  the  species  of  Caslanospora  and  ZoUingeria  mentioned 
they  are  generally  only  few-celled  (2-celled).  The  arrangement  of  the  secre- 
tory cells  in  Stocksia  requires  special  mention.  These  elements  here  form 
roultiseriate  strands,  which  lie  a  few  layers  below  the  epidermis,  run  in  the 
vertical  direction,  and  may  be  recognized  with  the  nakea  eye  as  raised  lines 
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on  the  surface  of  the  branch  ;  the  secretory  cells  themselves  have  wide  lumhu 
and  their  contents  are  gummy. 

Oxalate  of  lime  is  deposited  in  the  axis,  as  in  the  leaf,  in  the  form  of  clustered 
and  ordinary  solitary  crystals.  Styloid-like  crystals  have  been  observed  only 
in  one  case,  namely  in  the  bast  of  DiaUnofderyx.  Exclusive  occurrence  of 
clustered  crystals  is  not  found  in  the  axis  of  any  member  of  the  Order.  The 
chambered  fibres  of  the  bast  usually  contain  solitary  crystals,  rarely  clustered 
crystals  (e.g.  in  Koelreuteria  panicukUa^  Sa^ndus  oahutnsis^  ErytkrapkysM 
undulaia).  In  the  wood,  chambered  fibres  with  solitary  crystals  are  the  only 
type  found. 

The  lianes  among  the  Sapindaceae  are  in  part  characterized  by  an  anoma- 
loua  structure  of  the  branch.  This  has  been  investimted  in  recent  times  chiefly 
by  Radlkofer,  Nageli  and  H.  Schenck,  and  by  the  mst-named  author  specially 
with  regard  to  its  systematic  value.  Radlkofer  has  distinguished  the  (ufierent 
anomahes,  present  m  the  Order,  under  the  terms  compound,  divided,  corded, 
and  cleft  xylem-masses  ('  zusanmien^esetzte,  geteilte,  umstrickte  und  zerkliif tete 
Holzkdrper ') ;  to  which  the  less  important  anomaly,  presented  by  a  lobed 
xylem-mass,  may  be  added.  The  compound  xylem-mass  (Fig.  53,  A)  depends 
on  a  special  arrangement  of  the  vascular  bundles  at  their  origin.  A  central 
ring  of  vascular  bundles  occupies  the  middle  of  the  branch  or  stem,  and, 
around  it  and  separated  from  it  by  a  smaU  amount  of  cortical  parenchyma, 
several  peripheral  rings  of  vascular  bundles  are  situated.  The  number  of  the 
peripheral  bundle-rings  usually  amounts  to  three,  and  each  of  these  may  be 
replaced  by  two  bundle-rings  lying  immediately  side  by  side  ;  there  are  rarely 
less  than  three ;  in  certain  species  there  are  about  o-io,  which  are  placed 
closely  side  by  side.  The  central  and  likewise  the  peripheral  bundle-ring 
each  possess  a  pith  and,  bounding  the  latter,  primary  spiral  vessels  (the  spural 
thickening  of  which  can  be  unrolled).  The  vascular  Dundles  of  the  central 
and  of  the  peripheral  rings  are  in  connexion  with  one  another  at  the  node,  the 
leaf-traces  at  first  running  in  the  central  ring  and  subsequently  passing  into  one 
of  the  peripheral  bundle-rings.  Both  central  and  peripheral  buncU^rings 
possess  permanent  ^wth  in  thickness  by  means  of  a  ring  of  cambium  proper 
to  them,  and  in  this  way  the  cable-like  structure  of  the  stem  originates,  and 
is  of  benefit  to  the  plant,  when  exposed  to  stretching  and  torsion.  The  compound 
xylem-mass,  which  besides  occurring  in  the  Sapindaceae  has  only  been  demon- 
strated in  a  plant,  probably  belonging  to  the  Leguminosae  (q.v.),  is  found  in 
certain  species  of  Serjania  (pi  out  of  172)  and  PauUinia  (16  out  of  122).  The 
second  anomaly,  the  divid^  xylem-mass  (Fig.  53,  B),  is,  like  the  first,  doe  to  a 
special  arrangement  of  the  vascular  bundles  at  their  origin,  and  is  distinguisbed 
by  the  fact  that  no  central  xylem-mass  is  formed  and  that  the  piths  of  the  5-7 
bundle-rings  (which  lie  side  by  side  in  a  circle,  and  only  become  closed  ratiber 
late  on  their  inner  sides)  are  at  first  in  connexion  with  a  central  pith.  The 
second  anomaly  occurs  only  in  three  species,  viz.  S.  ccrrugala^  Radlk.,  and  allied 
species.  The  third  anomaly  is  the  corded  xylem-mass  (Fig.  53,  C-£).  The 
stems  are  at  first  normal,  and  grow  in  thickness  in  the  normal  manner  up  to  the 
fifth  or  sixth  year.  Then,  however,  while  normal  growth  in  thickness  stiQ 
continues,  new  strands  of  cambium  arise  in  the  cortical  parenchyma  on  the 
inner  side  of  the  sderenchyma-rin^,  and  become  transformea  into  new  secondary 
rings  of  wood  and  bast,  which  enclose  a  pith-like  tissue  at  the  centre,  but  possess 
no  spiral- vessels  with  thickening  that  can  be  unrolled.  These  secondary  rings 
of  wood  and  bast  are  in  connexion  with  one  another,  but  not  with  the  original 
xylem-mass.  A  corded  xylem-mass  is  probably  present  in  all  the  species  of 
the  genus  Thinouia  and  in  a  few  species  of  PauUinia  ;  not  uncommoiify  it  also 
occurs  as  a  secondary  complication  in  the  older  steins  of  those  species  of  Pairf- 
linia  and  Serjania  which  possess  a  compound  or  divided  xylem-masi«    The 


SAPINDACEAE 


835 


secondary  masses  of  wood  and  bast  are  either  cylindrical  {Jkinouia)  or  flat- 
tened in  the  tangential  direction  {PaMinia).  The  fourth  anomaly,  the  cleft 
xylem-mass  (Fis.  53,  F-C)  which  occurs  in  species  of  UrvUUa  and  m  Serjania 
piscaioria^  is,  like  the  third  one,  a  secondary  phenomenon.  The  branch  is  at 
first  normal  and  is  only  superficially  grooved,  owing  to  certain  portions  of  the 
cortex  being  rather  strongly  depress^.  The  axis  subsequently  becomes  split 
into  three  or  more  portions  corresponding  to  the  grooves,  owing  to  the  appear- 
ance  of  cambial  tissue  at  these  points.  The  separate  portions  of  the  stem 
then  grow  in  thickness  through  the  activity  of  a  cambium,  which  surrounds 
each  of  them  on  all  sides.     Lastly,  a  lobed  xylem-mass  originates  by  increased 
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development  of  the  wood  at  five  or  more  places  in  the  circumference  of  the 
stem  ;  five  or  more  ribs  are  formed,  which  even  project  externally,  and 
are  separated  from  one  another  by  narrow  grooves.  This  structure  occurs  in 
!>ome  s(>ecics  of  Serjania  and  VrvilUa, 

Note. — Very  little  is  known  as  to  the  prowlh  in  thickness  of  the  root  in  those 
members  of  the  Order  which  have  a  stem  with  anomalous  structure.  Crugcr  (Bot. 
Zeitung,  1 85 1,  p.  487)  alone  points  out  that  those  species  which  exhibit  a  compound 
xylem-mass  in  their  stems  do  not  possess  it  in  their  roots. 

It  may  further  be  mentioned  that  the  '  r^scau  dc  soutien  '  (cf.  Cruciferac), 
which  was  discovered  by  Van  Tieghem,  is  met  with  in  a  large  number  of  cases 
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(species  of  Sapindus,  Koelr^uieria,  NepMiumt  TalisiOt  Cupania^  and  M§iieoccm)  in 
me  subepidermal  cell-layer  of  the  root. 

Litermtore :  Rtdlkofer,  Struct  pecnl.  of  certain  SapincL  pL,  Rep.  Brit  Amoc  1868,  pp.  109*11 ; 
Varii  tipi  delle  aaomalie,  etc,  Atti  del  CoocrtMO  ten.  a  Firense  i87f  (fanpr.  1875),  PP*  ^^Sl 
Monogr.  Sityama,  Miindieny  187c ;  Entfteh.  &t  lek.  Holik.  etc,  Ber.  Natifotichgfiw.  mM ckl, 
■877*  PP- 194-7 ;  S.  Holland.-In£enflY  Actes  da  Coogrte  temi  k  Amiteidam,  1877 ;  fydbrfwr,  Ski.- 
Ber.  Miinch.  Akad.,  1878,  pp.  aai  et  teq. ;  CupamiaAoc  dt.,^879,  pp.  4(7  et  tea. ;  Sifpmmim^  SsppL, 
Abh.  Miinch.  Akad.,  1886,  especially  pp  a-44  and  Tab.  i-Tit :  tee  hm  aUo  the  older  Ittcfatsre  on  the 
anomalous  stmcture  of  the  axis ;  Diucbs.  Pimkte»  in  Sitz.-Ber.  Miinch.  Akad.,  1886,  p.  315;  Glied. 
d.  S.,  loc  dt,  18901  especially  pp.  303-50;  Sopra  11  teto  anomalo  delle  SiiymmitL  fumtmim^  Cos- 
gieseber.  too  Genoa,  180a  (impr.  1893),  pp.  6(^;  Mooogr.  FauUimm^  Mftnchen,  1805.  efpraklW 
pp.  33-36;  S.,  in  Natarf.  Pflanxenlam.,  3.  Teil,  AU.  $,  1895,  pp.  281-7.— Nifneli,  DkikflBwachtf.  d 
Stcng.  etc.  bei  den  S.,  Beitr.  z.  wiss.  Bot.,  Heft  4,  Ldpzig,  1868.— I>e  Bary,  VerffL  Anat.,  <^77:r' 


C.  de  Candolle,  M^m.  Soc  phyt.  et  nat,  t  xxW,  a,  1879,  pp.  439  etseq.— MdUcr,  RIndcnanot,  188a. 

S»  374>  a75.~H6hnel,  Sitz.-Ber.  Wiener  Akad.,  Bd.  Izutz,  Abt  1,  1884,  pp.  43,  44.— Solcfodcr, 
olzstr.,  1885,  pp.  103-5.— O.  Bachmann,  Schildh.,  Flora,  1886,  separate  copy,  pp.  35,  i6.^Frtit, 
Petiole,  Act  Soc.  Linn,  de  Bordeanx,  t.  xliii,  1889,  p  a8  and  pL  i.— H.  Sdioidc,  Anot  d*  Ikow. 
1893,  pp.  80-110,  p.  a53,  and  Tab.  iii-T.— [Schwabach,  Bot  CentralbL,  1898,  hr,  p.  337.] 

HIPPOCASTANACEAE. 

This  small  Order, consisting  of  the  two  raierai4^c«/M5  and  BiUia^  is  charac- 
terized by  the  lack  of  a  special  type  of  stomatal  apparatus,  by  the  pre- 
dominance  of  simple  perforations  in  the  vessels,  by  the  narrow  medullary  ra^  of 
the  xylem  and  the  smiple  pitting  of  the  wood-prosenchyma*  by  the  superficial 
development  of  the  cork,  and  by  the  composite  and  continuous  ring  of  sderen- 
chyma  in  the  pericycle.  The  Hippocastanaceae  share  the  above  features,  as 
also  the  freouent  occurrence  of  secretory  cells,  with  many  members  of  the 
allied  Order  Sapindaceae.  The  hairy  covering  is  formed  by  ordinary  clothing 
hairs  and  by  small  external  glands.  Oxalate  of  lime  occurs  in  the  form  of 
ordinary  solitary  and  clustered  crystals. 

The  leaves,  which  have  been  examined',  have  bifacial  stmcture. 
The  stomata  occur  only  on  the  lower  side.  The  epidermal  cells  of  the  leaf 
have  undulated  lateral  walls  and  frequently  a  striated  cuticle.  In  BitliA 
Hippocastanum^  Peyr.  the  epidermal  cells  of  the  upper  side  of  the  leaf  are  divided 
by  thin  vertical  walls.  Gelatinization  of  the  epidermis  of  the  leaves  has  not 
been  observed.  The  smaller  veins  are  verticaUy  transcurrent  in  Assadus^ 
owin^  to  the  presence  of  tissue,  which  has  thin  walls,  or  is  lignified  and  then 
occasionally  has  thick  walls  ;  in  Biilu^  on  the  other  hand,  the  vascular  bmxUes 
of  the  smaller  veins  are  surrounded  by  a  ring  of  sderenchyma,  and  are  em- 
bedded  in  the  mesophyll.  In  Billia  Htppocasianum^  Peyr.,  and  B,  colmMmnm^ 
Planch,  et  Lind.  the  mesophyU  is  traversed  by  sderenchyma-fibres,  which 
have  an  irregular  course.  The  secretory  cells  mentioned  above  are  not  found 
in  the  leaf  in  all  the  spedes.  In  A  esctdus  turbimUa^  BL,  and  A .  Hippoauimmmm,  L., 
the  mesophyll  contains  spherical  secretory  cells,  the  membranes  of  which  look 
as  though  they  were  suberized ;  in  ^4.  rubicunda^  Lodd.,  the  secretory  cdb 
are  enlarged  cells  of  the  palisade- tissue ;  in  other  species  of  AescfUus  (e.g. 

A.  parviflora,  Walt.)  they  appear  to  be  absent.     In  BttUa  Hippocastmnwm  and 

B,  Columbiana,  secretory  cells  with  wide  lumina  have  only  been  observed  in  the 
bast  of  the  veins  of  the  leaf.  Oxalate  of  lime  is  present  in  the  leaf  in 
the  form  of  solitary  and  clustered  crystals.  The  hairy  covering  consists  of 
simple,  unicellular  or  uniseriate  clothing  hairs,  the  surface  of  which  b  fre- 
quently finely  striated,  and  of  small  external  glands,  similar  in  stmctuie  to  those 


*  The  sutements  that  follow  are  based  prindpally  00  a  casoal  iavcstigatioo  of  mj  ova  of  the 
leoTcs  of  Ass€uh$s  Hiffcatimmum,  L.,  A,  imrHmmtm,  BL,  tad  other  spedct,  at  noil  at  oC  MiBim 
c0lmfrMmm,  Plaodu  et  Lladl.,  and  S,  HipfrntrntHmmm^  Peyr. 
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of  the  Sapindaceae.  The  glands  which  occur  in  Atsculus  on  the  scale-leaves  of 
the  buds,  and  cover  them  with  a  layer  of  a  sticky  glue-like  consistency,  are, 
according  to  Hanstein,  oblate-spherical  structures,  which  are  attached  to 
the  epidermis  by  a  small,  few-celled  stalk  and  consist  essentially  of  elongat^ 
papillose  cells,  diverging  from  one  another  like  a  fan;  they  accumulate 
such  abundant  secretion  in  a  subcuticular  position  that  the  cuticle  finally 
bursts. 

According  to  C.  de  CandoUe,  the  transverse  section  of  the  petiole  exhibits 
an  annular  closed  bundle-system,  in  the  pith  of  which  vascular  bundles  occur 
in  some  of  the  species  (^Aescultis  Hippocasianum,  L.^A,  rubicunda.  Herb,  amat., 
A .  Lyoni^  hort.  Kew.,  A .  pubescens^  hort.  Kew. ;  Pavia  rubra^  Lam.,  P.  discolor^ 
hort.  Kew.'),  but  are  wanting  in  other  species  (*Aesculus  californica,  A .  punduana. 
Wall.,  A.  indica^  Colebr.,  A.  ohioensts^  Michx.,  A,  chinensis^  Bun^e ;  Pavia 
macfostachya^  Herb,  amat.,  P.  hybrida^  DC.,  P.  flava^  DC.,  P.  sibtrica,  hort. 
Kew.,  P.  indica,  hort.  Kew.'). 

The  following  points  may  be  mentioned  with  regard  to  the  structure  of  the 
axis,  which  I  have  investigated  in  Aesculus  Hippocastanum^  L.,  A,  parviflora^ 
Walt.,  A.  iurbinaia,  Bl.,  Billia  columbiana.  Planch,  et  Lindl.,  and  B.  Hippo- 
castanum^  Peyr.  A  transverse  section  of  the  wood  shows  narrow,  1-2-seriate 
medullary  rays,  vessels  with  rather  narrow  lumina  (diameter » -04  to  ^osmm.), 
frequently  arranged  radially,  and  wood-prosenchyma  with  relatively  wide 
lumina,  and  with  walls  occasionaUy  strengthened  by  the  occurrence  of 
a  gelatinous  layer.  The  perforations  of  the  vessels  are  usuaUy  simple  and 
circular  or  elliptical ;  in  Aesculus  Hippocastanum  and  in  the  two  species  of 
Billia  scalariform  perforations  with  fairly  numerous  bars  occur  side  by  side 
with  those  of  the  simple  type.  Closely  placed  bordered  pits  (the  border  of 
which  has  a  diameter  of  -003  mm.)  are  present  on  the  walls  with  which  the 
vessels  touch  one  another;  the  vessel- wall,  where  it  is  in  contact  with  parenchyma 
of  the  medullary  ravs,  bears  simple  and  bordered  pits  of  varied  size.  Moreover, 
the  pitted  vessds  of  Aesculus  turbinaia^  A.  Hif>pocastan%mi^  and  BiUia  Hippo- 
castanum  are  characterized  by  spiral  thickemng  of  their  walls.  The  pauren- 
chyma  is  usually  (Aesculus)  developed  to  a  subordinate  extent,  but  is  some- 
what  more  abundant  in  Billia^  in  which  chambered  parenchyma,  containing 
crystals,  also  occurs  in  the  wood. 

The  cortex,  as  has  already  been  pointed  out  above,  is  characterized 
by  the  superficial  (subepidermal)  origin  of  the  cork  and  bv  the  composite  and 
continuous  ring  of  sclerenchyma  in  the  pericycle.  The  cork-cells  arc  frequently 
sclerosed  on  their  inner  tangential  walls,  btone-cells  are  sometimes  present  in 
the  primary  cortex  {Billia  cdumbiana^  A  esculus  Hippocastanum).  Secondary  bard 
bast,  accompanied  by  stone-cells,  has  been  observed  by  Mdller  in  the  older  axes  of 
Aesculus,  Oxalate  of  lime  occurs  in  the  axis  in  the  form  of  solitary  and 
clustered  crystals.  Secretory  cells  have  been  found,  with  certainty,  only  m  the 
two  species  of  Billia^  where  they  occur  in  the  outermost  part  of  the  bast. 

LiterAtwe:  Hanttein,  Bot.  Zeit.  1868,  p.  7ai.— MoUer,  Denkachr.  Wiener  Akmd.,  1876,  p.  ^5. 
— De  Bary,  Vergl.  Anat.,  1877.— C.  de  CandoUe,  Mim,  Soc  phji.  cC  nat.  de  Gen^,  t  ucri,  a, 
1879.  pp.  437-%,  460  and  pi.  i. — MoUer,  Rindenanat.,  iSSi,  pp.  175-8.— Solereder,  HoUstr., 
1885,  p.  103.— Petit,  P^iole.  Act.  Soc  Linn,  de  Bordcanx,  t.  zUii,  1889,  p.  29  and  pi.  L— Branda, 
Scrnct.  de  l^irbride  entxe  VAisc,  rubiamda  et  le  PavimMoa^  Revne  de  boC,  ii,  1890,  pp.  301-5.— 
Radlkofer,  Glied.  d.  Sapindac,  Sits.-Ber.  Miindi.  Akad.»  i89a»J.  £.  Weiit,  Denkichr.  RegensU 
bot.  (leielUcb.,  1890,  separate  copy,  p.  65.— Ross,  Malpighia,  it,  1890-1,  p.  oa.— Strasbniger,  Ban 
n.  Verricbt.,  Jena,  1891,  pp.  ai3-i5.~Paz,in  NatilrL  Pflannnfiun.,  3.  Teil,  Abt.  5,  1893,  p.  a73.«— 
Knbla,  Pbellodenn,  Bot.  Centralbl.,  1897,  p.  198. 
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ACERACEAE. 

1.  Review  of  the  Anatomical  Features.  The  foUowing  points  are 
characteristic  of  the  Order  Aceraceae  ' :  the  lack  of  a  special  type  of  stomatal 
apparatus,  the  simple  perforations  of  the  xylem-vessels,  which  do  not  possess 
wide  lumina,  the  simple  pits  of  the  wood-prosenchyma*  the  slight  develop- 
ment of  the  wood-f^u-enchyma,  and  the  superficial,  or  at  any  rate  never 
pericyclic,  origin  of  the  cork.  The  smaller  veins  of  the  leaf  are  more  or  less 
distinctly  verticaUy  transcurrent.  The  pericyde  is  of  varied  nature,  including 
either  a  composite  ring  of  sclerenchyma  or  isolated  eroups  of  bast-fibres. 
SM:retory  sacs  with  milky  contents  (frequently  incorrectly  termed  latidferous 
vessels  in  the  literature)  occur  in  certain  species  of  i4c^  and  in  DipieronU 
in  the  bast  of  the  axis  as  well  as  in  that  of  the  leaf-veins,  or  very  rarely 
(Acer  campestre,  L.)  also  free  in  the  mesophyll.  Oxalate  of  lime  is  generally 
deposited  in  the  form  of  ordinary  solitary  and  clustered  crystals.  The  hairy 
covering  consists  of  simple  unicellular  hairs,  of  two-armed  hairs,  provided 
with  a  uniseriate  and  few-celled  stalk  {Acer  disfylum^  Sieb.  et  Zucc.),  and  of 
small  multicellular  glandular  hairs  of  varied  structure.  Amongst  special 
features,  which  are  available  for  the  diagnosis  of  species,  the  following  have  been 
observed:  mucilaginous  epidermal  cells  in  the  leaf  of  species  of  Acer  and  panil- 
lose  differentiation  of  the  lower  epidermis  of  the  leaf  (Acer  Pseuiaflatawm^  L). 

2.  Structure  of  the  Leaf.  The  following  descriptimi  of  the  structure 
of  leaf  and  axis  is  based  on  my  own  investigations  of  certain  species  of  Acer 
belonging  to  various  sections  (^4.  distylum^  S.  et  Z.,  A.  platanaides^  L.,  A.  cam- 
pesircy  L.,  A,  PseudopUUanus^  L.,  A,  Negundo,  L.,  and  A.  spicaturn^  Lam.  var. 
ukurundensc,  Maxim.). 

The  leaf-structure  is  bifacial  in  all  except  A .  Negundo^  the  leaf  of  which  is 
centric.  The  stomata  in  all  cases  occur  only  on  the  lower  side  of  the 
leaf,  and  are  surrounded  by  a  considerable  number  of  ordinary  epidermal 
cells.  Epidermal  cells  with  mucilaginous  inner  membranes  have  been  observed 
in  A,  disiylum,  A.  pUUanaides^  A.  campestre^  and  A.  Pseudopiatanus.  Papillose 
differentiation  of  the  lower  epidermis  occurs  in  A,  PseitdopialanMS.  In  aO 
species  (except  A .  disfylum)  the  larger  veins  contain  sclerenchyina,  acomipanying 
the  vascular  bundles ;  the  smaU  veins  are  more  or  less  distinctly  verticdly 
transcurrent. 

Oxalate  of  lime  occurs  in  the  form  of  clustered  or  soUtary  crystals,  or  both. 
In  A .  Negundo  enlarged  cells,  occupied  by  a  single  large  crystal  embedded  in 
granulated  contents,  occur  in  the  mesoph^;  these  cells  cause  transparent 
dots  in  the  fresh  leaf.  Zimmermann  has  observed  crystalloids  in  the  chloio- 
plasts  of  the  palisade- tissue  in  A.  piaianoides.  I  have  only  met  with  the 
secretory  sacs  mentioned  above  in  the  leaf  of  A.  pkUanoiaes^  A.  cmmpesin^ 
and  A.distylum,  the  leaves  of  which  emit  a  milky  juice,  when  the  living  plant 
is  injured.  In  all  three  species  they  occur  in  the  bast  of  the  larger  veins,  and 
also  free  in  the  mesophyll  in  A .  campestre.  Only  the  latter  will  be  mentioned 
here,  as  those  situated  in  the  bast  also  occur  in  the  axis,  and  will  be  discussed 
later  on.  The  secretory  sacs  in  the  mesophyll  of  A,  campestre  are  of  medium 
length  and  varied  shape ;  they  are  distinguish^  from  the  surrounding  cdk 
by  their  wide  lumen  and  by  their  contents ;  they  are  situated  immfdiatdy 
below  the  one-layered  palisade-tissue,  in  some  cases  also  immediately  above 
the  lower  epidermis ;  they  occur  either  singly  or  united  into  series. 

>  The  genus  JMimio,  qaoted  in  Dnrtnd'f  Index  amoog  the  Aoenoene  next  to  AetrwmA  Migmmi^^ 
hat  been  tnnsiened  by  RadUcofer,  as  U  well  known,  to  the  Anacardiaoene  (q.T.).  To  mtkm  mo  1m 
this  loM  the  Order  has  been  increased  bj  the  addition  of  the  gcnns  DifUrmnm  estaMithtd  by  Gwvcr 
(in  Hooker's  Icooea,  Tab.  i8o8,  anno  1S89)  ;  this  requires  mention  here,  as  the  asatoniy  oC  this 
genns  will  be  discnsted  in  the  following  dcKription. 
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The  hairy  covering  consists  of  multicellular  glandular  hairs  (all  species 
except  A,  distylum)^  ordinary  unicellular  trichomes  {A.  campestre^  A.  Pseudo- 
platanus.  A.  Negundo^  and  A.  spicatum)^  and  two-armed  hairs  with  a  short 
2-3-celled  stalk  and  a  horizontally  extended  terminal  cell  with  equal  arms 
{A.  disiylum).  The  external  glands  are  either  sessile  or  distinctly  stalked,  and 
sometimes  the  stalk  merges  into  the  head  \ 

The  investigation  of  the  petiole  by  C.  de  CandoUe  and  others  shows  that 
its  system  of  vascular  bundles  forms  a  rinf,  and  that  within  the  latter  further 
vascular  bundles  occur  in  certain  species  {A,  Pseudopiaianus,  A.  macrophyUum^ 
Pursh.,  A,  Negundo^  A.  mexicanum^  'DC.'). 

3.  Structure  of  the  Axis.  In  addition  to  the  above-mentioned  species 
ol  Acer  \  was  able  to  examine  Dipteronia  sinensis^  Oliv.  (China,  Henry),  which, 
as  will  be  mentioned  immediately,  agrees  in  the  structure  of  its  axis  with  the 
species  of  i4c^  in  all  essential  pomts. 

The  medullary  rays  of  the  wood  are  narrow,  at  the  most  4-seriate  (in 
A.  Pseudopiaianus)^  their  cells  being  usually  elongated  in  the  radial  direction. 
The  vessels  do  not  possess  a  large  lumen  (diameter  » -036  mm.  in  A,  pUUanoides^ 
-06  nmi.  in  A,  Pseudopiaianus)^  and  are  always  provided  with  simple  perfora- 
tions  in  their  end-walls.  The  vessel-wall,  where  it  is  in  contact  with  ray- 
parenchyma,  is  provided  with  bordered  pits.  Spiral  thickening  of  the  walls 
of  the  vessels  has  been  observed  in  A.  piaianoides^  A,  campestre,  A.  Pseudo* 
pialanust  A,  disfylum^  and  A.  Negundo,  The  wood-parenchyma  is  developed 
to  a  Umited  extent.  Chamber^  parench3ana  containing  crystals  occurs 
in  A.  camptstre  and  A.  piatanoides.  The  wood-prosenchyma  has  simple  pits, 
and  in  A cer  it  sometimes  contains  starch.  The  filling  of  the  lumina  of  the  vessels 
with  carbonate  of  lime  in  the  heart-wood  of  A .  rubrum  and  A .  iUyricum  deserves 
notice  ;  calcium  carbonate  is  also  met  ^%ith  in  the  cells  of  the  pith  in  stems  of 
Ac€r  (Molisch). 

The  formation  of  cork  is  mostly  superficial.  In  the  cases  investigated 
by  me  as  well  as  by  J.  E.  Weiss  and  others  the  cork  originates  in  the  outer- 
most layer  of  cells  of  the  primary  cortex  or  in  the  layer  immediately  below ; 
in  those  species  of  Acer,  however,  which  excrete  ■  wax  on  the  surface  of  their 
branches,  the  cork  originates  in  a  somewhat  deeper  layer,  namely  from  three 
to  six  layers  below  the  epidermis,  and  only  at  a  relatively  late  stage  (Pax).  The 
cells  of  the  cork  asually  {Acer^  Dipteronia)  have  rather  wide  lumina  \  in  Acer 
Negundo  cork-cells  occur,  which  are  sclerosed  either  on  one  or  on  all  sides. 

The  primary  cortex  contains  solitary  crystals  in  A,  campestre  and  A.  plaia^ 
noides^  laree  clustered  crystals  in  i4.  distylum,  isolated  stone-cells  in  A.  Negundo. 
The  varied  structure  of  the  pericycle  is  very  noteworthy.  In  A,  Negundo 
a  composite  and  continuous  nng  of  sclercnch3ana  is  found  in  this  region,  in 
A,  Pseudoplaianus  a  somewhat  interrupted  comp>osite  ring  ;  in  the  other  spedes 
investigated  {A,  piatanoides.  A,  campestre,  A.  spicatum.  A,  distylum)  as  well  as 
in  Dipteronia  only  isolated  groui^s  of  bast-fibres  occur.  The  secondary  bast  in 
A,  campestre,  A.  Pseudoplaianus,  and  others,  as  well  as  in  Dipteronia,  contains 
bundles  of  hard  bast,  which  occasionally  give  rise  to  stratification  of  the  phloem ; 
groups  of  stone-celLs  and  chambered  parench3ana  with  solitary  crystals  also 
occur  in  the  secondary  bast  of  the  species  of  Acer, 

The  outermost  portion  of  the  soft  bast  in  certain  species  oi  Acer 
(A.  piatanoides.  A,  campestre.  A,  distylum)  and  also  in  Dipteronia  contains  the 


'  Cooccfniog  the  gUndaUr  natore  of  the  leaf-teeth  and  leaf-tipt  of  A,  A'i^gmmU  and  A.  plaU' 
mmJit  rctpectiirely,  ice  Reiake,  loc.  cit. 

*  The  abovc-Bieotioncd  depotit  of  wax  on  the  branchei  and  iteiiit  in  certain  tpcctct  of  Actr 
{A.  L^Mit,  A.  tCigmmd4,  A, pinn$ylvanuum\  accordtn|^  to  Uloth,  ariiet  hy  tranAformatioo  of  the 
walla  of  the  eptdcrmii  and  of  the  nbjaoent  laycrt  of  the  primary  cortex. 


340  ACERACEAE 

secretory  elements  lonf  known  to  occur  in  Acer  and  usually  (even  by  Pax  in 
his  monograph)  incorrectly  termed  latidferous  vesseb  ;  they  have  already  been 
briefly  mentioned  above  under  the  leaf-structure.  These  secretory  dements 
are  essentially  simple  cells ;  they  are  easily  recognized  in  transverse  section 
by  their  wide  lumina  and  by  their  contents,  which  are  whitish  or  occa- 
sionally  {A .  distylum)  brownish  in  colour  in  dried  material ;  they  occur 
singly  or  in  groups.  In  macerated  sections  of  Acer  fdaianoides  I  was  just  as 
unsuccessful  as  De  Bary  in  finding  any  open  communication  between  two 
neighbouring  sacs  by  means  of  perforated  lateral  protrusions  as  mentioned  by 
Hanstein ;  protrusions  of  the  lateral  cell-walls  are  not  unconuncmlv  present, 
but  are  never  perforated,  and  the  same  is  also  true  of  the  ends  of  tne  sacs. 
The  secretory  sacs  in  question  are  of  varied  length  in  the  different  species.  In 
A.  piaianoides  and  A,  campestre  they  are  of  considerable  length,  in  the  last- 
named  species,  according  to  De  Bary,  usuaUy  i  nmi.  in  length.  Ttiey  are  much 
shorter  m  A.  iisiylum  and  in  Dipieronia^  m  which  several  can  be  observed 
situated  one  above  the  other,  in  the  same  radial  section.  It  is  worthy  of 
note  that  the  secretory  sacs  in  Dipteronia  also  occur  in  the  internal  portion 
of  the  bast. 

Litermtiire :  Hanstein,  MUchsaftKef.,  Berlin,  1864,  p.  aa^Chaloo,  TIf.  Ugn.  dkotyM,  i.  Mte., 
Gnnd,  1867,  p.  11.— UloCh,  WmchibUdL,  Floim,  1867,  pp.  385  and  411  ct  teq.  and  Tat  vii.— MoUcr, 
Denkichr.  Wiener  Akad.,  1876,  pp.  87  and  s83.~Ketnke,  Prinnheim  Tahrb.,  Bd.  x,  1876,  p.  ift9^ 
De  Bary,  VergL  AnaL,  1877,  p.  157.-  Schmalhaoscn,  Milchiaftbeli^  ifon.  Acad.  ioip.  de  Sc-Petov 
boorg,  i^r.  7,  L  zjut,  n.  2,  1877,  pp.  ao-a. — C.  de  CaodoUe,  Mte.  Soc  phji.  et  nat  de  Gcd^, 
t.  zziri,  a,  1879,  pp.  439, 4«8,  and  460.— Moliicb,  Kohlcnt.  Kalk,  Slts.-Ber.  Wicocr  Akad.,  Bl  Uzzit, 
AbL  I,  i88i,p.  14.— ilduer,  Rindenanat,  i88a,  pp.  967-7 i.—Solcieder.  Holmr.,  i88f,  p.  103.— 
Paz,  Moooffr.  d.  Gatt.  Acer,  Engler,  Bot.  Jahrb.,  Bd.  Tii,  1S86,  pp.  357,  a^a^PUtt,  Bbtm.,  Dm, 
Marborg,  1886,  p.  38.— Pedt,  Petiole,  Act  Soc  Unn.  de  Bordeaai,  t  xliii,  1880,  p.  to  awl  pL  i.— 
Radlkofer,  Glied.  d.  Sapindac,  SitL-Ber.  Miincb.  Akad.,  189a— /.  E.  Wci»,  Denlnckr.  RcfeMb. 
boC  Geaellich.,  1890,  separate  copy,  p.  65.— Strasborser,  Baa  v.  VerricbL,  1891,  pp.  aia-iS.— Zim- 
mermann,  Pflanienselle,  a.  Heft,  1891,  p.  51. — Paz,  in  Natflrl.  PflamrnfanL,  3.  TcU,  AbC  5,  1S93, 
pp.  ad4,  a65.— Kahla,  PbeDodcrm,  Bot.  Centralbl.,  1897,  iii,  p.  197. 

MELIANTHACEAE. 

This  Order,  which  consists  of  the  three  genera  Afelianihm^  Bersmnm, 
and  Greyia^  is  characterized  anatomicallv  by  the  absence  of  both  internal  and 
external  glands,  by  the  lack  of  a  specially  constituted  stomatal  apparatus  and 
of  a  sclerenchyma-ring  in  the  cortex,  by  the  possession  of  styloids  or 
of  bundles  of  raphides  replacing  them,  by  internal  formation  of  cork,  by 
simple-pitted  wood-prosenchyma  and  simple  perforations  in  the  vesseb. 
Meaullary  vascular  bundles  (Fig.  54)  are  present  m  certain  species  of  Berum^i 
and  Melianihus  ^ 

The  leaves  (Melianihus  comosus^  Vahl,  Af.  major,  L.,  M.  minar^  L., 
and  Bersama  abyssinica,  Fres.)  are  bifacial  in  structure.  Gelatiniiation  of 
the  epidermis  has  not  been  observed.  The  stomata  occur  only  on  the  lower 
surface  of  the  leaf,  and  are  surrounded  by  sevo^  epidermal  cells  of  the  ordinary 
shape.  The  vascular  bundles  of  the  veins  are  accompanied  by  sderenchyma 
in  Bersama  abyssinica  onlv.  In  Melianihus,  as  well  as  in  Bersama,  the  mesophyO 
contains  styloids  especially  at  the  Umit  of  the  palisade  and  spongy  parenchyma  ; 
these  styloids  he  parallel  to  the  surface  of  the  leaf,  and  hence  cannot  cause 
transparent  dots.  The  hairy  covering  of  the  leaves  of  Melianihus  minor 
and  Af .  comosus  is  formed  by  steUate  hairs  with  four  or  more  rays ;  these 
rays  are  uniceUular  and  are  sunk  side  by  side  in  the  epidermis. 

Regarding  the  structure  of  the  wood,  the  following  facts  may  be  pointed  oat 
in  addition  to  what  has  already  been  said.  The  mMullary  rays  of  the  wood 
are  3-4-seriate.    In  MelianlhUs  the  vessels  attain  a  diameter  of  <04mm«,  in 

^  Tbe  foUowing  ttatements  are  baaed  for  tbe  BOit  part  oa  aqr  own 


MELIANTHACEAE  241 

Greyia  -05  mm.,  in  Bersama  08—09  mm.  They  have  bordered  pits,  even 
where  they  are  in  contact  with  parenchyma  of  the  medullary  rays.  The  walls 
of  the  vessels  of  MeliatUhus  comosus  are  spirally  thickened.  The  wood- 
parench3ana  is  only  slightly  developed. 

The  cork  arises  in  the  middle  ol  the  primary  cortex  or  still  further  inwards 
near  the  outer  Umit  of  the  bast.  In  MdiatUhus  and  Greyia  the  cork-cells  have 
wide  lumina  and  deUcate  walls ;  in  Bersama  some  of  them  have  their  outer 
tangential  walls  sclerosed.  The  outer  Umit  of  the  bast  in  Melianihus  is  formed 
by  collenchymatous  tissue,  in  Bersama  by  isolated  groups  of  bast-fibres ;  some 
of  these  fibres  have  fairly  wide  lumina  and  are  septate  by  means  of  deUcate 
division-walls.  In  the  same  region  in  Greyia  isolated  croups  of  sclerench3ana- 
tous  cells  occur,  which  are  elongated  in  the  vertical  direction,  and  are  inter- 
mediate between  parenchyma  and  prosenchyma  in  form.  Hard  bast  is  absent 
from  the  secondary  bast. 

In  the  axis,  as  in  the  leaf,  of  Bersama  and  Melianihus  styloids  are  found, 
and  are  present  in  the  pith,  bast,  and  primary  cortex.  In  Greyia^  on  the  other 
hand,  raphides  and  clustered  crystals  occur,  the  former  in  the  pith  and  bast 


Fig.  54 .    Trmnsvcne  Mctioo  throvgh  a  portion  of  the  nth  of  MtiimmtAtu  tmrnjar^  L.  with  niedalUry 
vaaadar  tmndlf. — OrigimU. 

(bast-parench3ana),  the  latter  in  the  pith,  bast  (in  this  tissue  in  chambered 
parench3ana),  and  in  the  primary  cortex. 

In  conclusion,  mention  may  be  made  of  the  occurrence  of  peculiar 
medullary  vascular  bundles  in  Afeliantkus  major  (but  not  in  Af.  minor  and 
M.  comosus  ;  see  Fig.  54)  as  weU  as  in  Bersama  abyssinica  and  B.  serraia^  Rich. 
These  medullary  bundles  are  concentric  in  structure.  In  a  transverse  section 
of  the  branch  each  of  these  bundles  shows  at  its  centre  a  group  of  soft  bast, 
which  is  surrounded  by  a  ring  of  wood-prosench)rma-cells,  witn  simple  pits, 
and  occasionally  septate.  Only  rarely  is  an  isolated  vessel  found  in  the  peri- 
pherally placed  xylem-portion,  which  consists  of  wood-fibres.  In  the  pith, 
bundles,  consisting  solely  of  a  group  of  wood-prosenchs^ma,  are  sometimes  also 
to  1h'  observed.  As  to  the  course  of  these  medullary  bundles,  it  is  known 
from  my  earlier  investigation  of  Melianihus  major  that  they  originate  at  the 
ncKic  by  the  entrance  of  portions  of  the  normal  bundle-ring  mto  the  pith.  In 
Bersama  abyssinica  medullary  bundles  have  also  been  observed  in  the  petiole  by 
C.  <ie  Candolle. 

Uteratare :  C.  de  CaodoUe,  Mte.  Soc.  phyt.  ct  nat.  de  Gcd^,  t.  xxn,  a,  187a,  p.  460.— 
.Solcrrder,  Holzstr.,  i88k,  jpp.  103-5.— Radlkofer,  OViit^  d.  Sapiadac,  Sitz.-Ber.  Munch.  Akad. 
1S90.— (^tirke,  in  NatdrL  Pflamcn&m.,  $.  Tdl,  AbL  5,  1895,  p.  375.— Gaochery,  Miium/Mms 
bybridc,  Aiaoc  fnuif.,  Tvob,  1896,  li,  pp.  421-8. 
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STAPHYLEACEAE. 

This  Order,  which  consists  of  the  two  tribes »  Staphyleae  (with  the  genera 
Staphylea,  Euscapkis,  Turpinia)  and  Akanieae  (with  Akania^  HuerUa,  Tapiscim)^ 
is  characterized  anatomically  by  the  absence  of  external  as  well  as  internal 
glands,  by  the  lack  of  a  composite  and  continuous  ring  of  sderenchyma  in  the 
pericycle(in  place  of  which  only  isolated  groups  of  primary  bast-fibresarepresent) 
and  by  the  tendency  to  the  formation  of  scalariform  peiiorations  in  the  vesseb. 
To  the  external  morphological  features  of  the  tribes  one  essential  anatomical 
character  may  be  added  :  in  the  Staphyleae  the  wood-prosenchyma  is  provided 
with  typical  bordered  pits,  in  the  Akanieae  with  simple  pits. 

With  regard  to  the  detailed  structure  of  the  leat  the  following 
statements  are  based  on  the  investigation  of  SiaphyUa  pinnata^  L.,  Euscaphis 
staphyleoides^  Sieb.  et  Zucc.,  Turpinia  nepaUnsis^  WaU.,  Akania  Hillii,  Hook.« 
and  Tapiscia  sinensis^  OUv.  The  mesophyll  is  bifacial  in  structure.  The 
stomata  occur  only  on  the  lower  side  of  the  leaf.  In  StapkyUa^  Euscapkis,  and 
Turpinia  they  are  usually  wedged  in  between  three  neighbouring  cells,  according 
to  the  Cruciferous  type ;  in  Akania  they  are  surrounded  by  several  epidenn^ 
cells  of  the  ordinary  shape.  In  Akania  the  stomata  are  united  into  groups  in 
small  depressions  of  the  leaf-surface  ;  the  epidermal  cells  situated  between  the 
pairs  of  guard-cells  and  concerned  in  the  formation  of  the  surface  of  the  depres- 
sion, are  produced  into  long,  slender  papillae,  the  tips  of  which  are  differen- 
tiated in  a  crown-Uke  form.  Moreover  a  subpapillose  epidermis  is  found  on 
the  lower  side  of  the  leaf  of  Tapiscia.  Gelatinization  of  the  inner  wall  has  been 
observed  in  the  upper  epidermis  of  the  investigated  species  of  Turpinia  and 
Tapiscia  ;  in  Turpinia  nepaUnsis  the  mucilaginous  epidermal  cells  are  of  spheri- 
cal form  and  penetrate  into  the  mesophyll.  In  SiapkyUa^  Turpinia^  and 
Akania  the  veins  contain  abundant  bast-nbres  accompanying  the  vascular 
bundles,  while  in  Euscapkis  sclerench3ana  is  absent  in  the  veins.  In  the  leaves 
of  SupkyUa^  Euscapkis^  and  Turpinia  oxalate  of  lime  is  present  in  the  form  of 
clustered  crystals  ;  in  Akania  numerous  soUtary  crystals  of  the  ordinary  form 
are  found  in  the  veins.  In  Euscapkis  stapkyleaiaes  short  simple  unicellular  hairs 
occur  on  the  leaf.  Glandular  hairs  are  wanting.  The  glandular  leaf-teeth  of 
StapkyUa  pinnaia  contain  colourless  mudlage-containing  parencbvmat  which 
surrounds  the  termination  of  a  vascular  buncfle,  and  on  the  upper  side  of  the  leaf 
they  bear  a  number  of  stomata  in  the  otherwise  unaltered  epiaermis  (Reinke). 

The  petiole  has  been  investigated  by  Petit  in  StapkyUa  pinnaia  and  5. 
trifolia.  Its  characteristic  region  ('  caract^ristique ')  is  distinguished  by  the 
fact  that  it  contains  a  circular  bundle-system,  consisting  of  a  la^e  lower  arc  of 
wood  and  bast  and  of  three  upper  smaller  vascular  bundles. 

The  structure  of  the  axis  has  been  investigated  in  the  species  of  SiapkyUm^ 
Euscapkis^  Turpinia^  Akania^  Tapiscia^  already  named,  and  m  Hueriea  cubensis^ 
Griseb.  The  medullary  rays  of  the  wood  are  as  a  rule  4  cells  in  breadth,  but 
are  much  broader  in  Akania,  The  vessek  have  a  medium  diameter,  which  in 
the  different  genera  varies  between  -045  nun.  (Hueriea)  and  -075  mm.  (Ahanim). 
In  all  the  members  of  the  Order  with  the  exception  of  Akania  the  perforatioos 
of  the  vessels  are  exclusively  scalariform  and  have  numerous  bars.  In  Ahamia 
the  perforations  of  the  ve^els  are  usually  simple  and  of  elliptic  or  circular 
outline  ;  besides  these,  however,  scalariform  perforations  also  occur  and  have 
numerous  transverse  bars,  the  latter  bdnf  delicate  and  some  of  them  anasto- 
mosing obliquely  with  one  another.  On  the  vessel-walls,  which  are  in  contact 
with  ray-parench3ana,  bordered  pits  occur  alone,  or  in  addition  to  onbor- 

>  With    regmrd  to  the  dassificatioo  of  the  Suphyleaoeme  tee  Solcreder,   Ber.  dcatxiu   boc 
OcscUtch.,  189a,  loc  dt 
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dered  pits,  the  latter  being  of  the  same  size  as  the  borders  of  the  former.  In 
SiapkyUa  pinmUa  the  walls  of  the  pitted  vessels  are  provided  with  a  loosely- 
wound  spiral  band.  The  wood-{)arenchyma  is  not  prominently  developed ;  m 
HuerUa  it  is  sometimes  differentiated  as  chamberea  parenchyma  with  soUtary 
crystak.  The  simple-pitted  wood-prosenchyma  of  the  genera  belon^ng  to  the 
tribe  Akanieae  is  sometimes  septate  by  means  of  a  few  deUcate  division-walls. 
Respecting  the  structure  of  the  cottez^  we  may  add  to  what  has  already  been 
said  in  the  introductory  remarks,  that  the  cork  originates  superficially,  either  in 
the  epidermis  itself  (StapkyUa^  Euscaphis)  or  immediately  below  the  epidermis 
(Turpinia).  In  Akania  HtUii  the  whole  of  the  bast  is  rich  in  sclerosed  elements 
with  the  structure  of  bast-fibres.  Groups  of  bast-fibres  or  isolated  bast-fibres 
occur  in  the  secondary  bast  of  EuscafUkis^  Hutrtea  and  Turpinia^  groups  of 
stone-cells  in  the  same  tissue  in  Turpinia  and,  according  to  M511er,  also  in 
StapkyUa  pintuUa.  The  sieve-plates  are  composed  of  sieve-areas,  which  are 
arranged  in  a  scalariform  manner.  Solitary  and  clustered  crystals  have  been 
observed  in  the  cortex  of  Akania  and  HuerUa^  clustered  crystals  alone  in  the 
cortex  of  Euscaphis^  StapkyUa  \  and  Turpinia.  Lastly,  mention  may  be  made 
of  the  fact  that  the  pith  of  Tapiscia  contains  numerous  cells  with  mucila|;inous 
membranes,  which  ultimately  cause  septation  of  the  pith  owing  to  the  forma- 
tion of  lacunae. 

I.ttcratore  :  Kcinke,  Sekietioosorg.,  Prtngibeim  Jahrb.,  Bd.  x,  1876,  p.  14a. — Mdller,  Denkichr. 
Wiener  Alcad.,  1876,  pp.  385,  386.-.ll6llcr,  Rtodcoanat,  1 88a,  pp.  385,  284.— ^Icreder.  Holtstr., 
18^5.  p.  103.— Petit,  P^iole,  Act.  Soc  Linn,  de  Bordeaux,  t.  xUii,  1889,  p.  a8 aodpl.  L^Radlkofer, 
Glicd.  d.  .Sapciidac,  Sitx.-Ber.  Miiocb.  Acmd.,  1890 — iiolcfeder,  StaphyUGatt.  Tmfucm,  Sitx..Ber. 
devticb.  boC.  Gcadltch.,  189a,  pp.  545  et  leq.— Pax,  in  NatitrL  Pflanzent,  3.Teil,  AbL  5, 1893,  p.  2$K 

SABIACEAE. 

Of  the  four  genera  of  the  Order  Sabia  and  Mdiosma  have  alone  been  investi- 
gated anatomically. 

The  following  points  may  be  mentioned  with  regard  to  the  structure  of  the 
leaf  \  In  both  genera  the  stomata  are  surrounded  by  several  ordinary  epidermal 
celb  and  are  present  only  on  the  lower  side  of  the  leaf.  The  mesophyll  has  Ufadal 
structure  throughout.  According  to  Dihm  the  palisade-tissue  in  all  the  in- 
vestigated species  of  Mdiosma  is  differentiated  in  the  form  of  arm-palisade- 
parenchyma.  The  formation  of  folds  in  this  case  involves  the  upper  part 
of  the  cells,  and,  when  extensively  developed,  causes  an  appearance  in  the  cells 
resembhng  a  coral-stem.  The  vascular  bundles  of  the  veins  are  ustially  sur- 
rounded by  a  ring  of  sclerench3ana.  Oxalate  of  lime  is  excreted  in  the  form  of 
clustered  crystals  only.  Internal  secretory  organs  are  absent.  The  resin-cells, 
stated  by  Blenk  to  occur  in  the  mesophyll  of  Mdiosma  nitida,  Bl.,  and  Af . 
simpiicifolia^  Walp.,  are,  according  to  a  verbal  conmiunication  of  Radlkofer, 
cells  ^ith  siliceous  contents. 

A  hairy  covering  is  rare  in  Sabia^  more  conunon  in  Mdiosma.  In  Sabia 
(5.  campanulaia^  Wall.)  it  consists  of  ordinary  uniceUular  dothinf  hairs,  in 
Mehosma  of  uniseriate  trichomes,  the  lower  cells  of  which  are  usually  shorter 
than  the  upper,  and  of  glandular  hairs  with  a  relatively  long  uniseriate 
stalk  and  an  oblong  unicellular  head,  which  is  occasionally  divided  by  a  vertical 
wall.  

»  Thr  ftUtenent  as  to  the  occurrence  of  cnrtulsand  in  the  cortex  of  SiapkyUa,  qooted  by 
Kohl  Kallialie  o.  Kieiclauuc  etc.»  1889,  p.  34)  from  Sanio*t  work  (Mooattber.  Berliner  Akad., 
185:,  p.  iKi  .  ift  inoorract. 

*  Numcfoot  ipectet  of  Milmmut  have  been  uivesti£ated  by  Dr.  Dihm.  who  will  himielf  rX^ 
a  more  detailed  accomit  of  their  rtnulnre;  Sahm  Uptmmdra,  Hook  f.  et  Th.,  has  been  iavestigated 
by  roe.  I  owe  the  KatencBts  jiTcn  io  the  teat  to  verbal  infocmatioo  from  Dr.  Dihm.  See  also 
Hleok,  Flora,  1S84,  p.  J69,  pp.  81 -S3  of  reprint 
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The  following  account  of  the  structure  of  the  axis  is  based. on  recent  in- 
vestigations of  my  own,  which  are  more  comprehensive  than  the  statements  made 
in  my  '  Holzstruktur  ^'  and  extend  to  Sabta  camf>anulaia^  Wall.,  5.  limoniacem^ 
Wall.,  Meliosma  simpiicifolia^  Walp.,  and  M.  AmoUiana^  Walp.  Features 
common  to  both  genera  are  :  (a)  the  occurrence  of  scalariform  perforations  with 
fairly  numerous  bars  (up  to  fifteen)  in  the  vessels,  side  by  side  with  which 
simple,  often  elliptically  elongated,  perforations  are  more  or  less  frequent; 
and  (6)  the  fairly  large  simple  or  bordered  pits  or  the  vessel-walls,  where  they 
are  in  contact  with  parench3ana.  On  the  other  hand,  the  two  genera  show 
essential  differences  in  rec;ard  to  other  features  in  the  structure  of  the  axis. 
In  Sabia  the  primary  medullary  rays  are  broad  ',  so  that  the  vascular  bundles 
are  distinctly  separated  from  one  another  ;  the  portions  of  the  primary  medul- 
lary rays  situated  between  the  groups  of  bast  are  sclerosed.  In  Meliosma  tbe 
primary  medullary  rays  are  not  specially  broad,  but  are  broadened  outwards 
m  the  form  of  wedges  between  the  croups  of  bast.  In  Sabia  the  wood-prosen- 
ch)rma  has  thick  walls  with  typical  bordered  pits ;  in  Meliosma  it  has  fairly 
wiae  lumina,  provided  in  places  with  a  few  delicate  division-walls,  and 
bears  simple  pits.  Lastly,  in  Sabia  only,  a  composite  and  continuous  ring  of 
sderenchvma  is  found  at  the  outer  limit  of  the  bast ;  this  ring  consists  of 
groups  of  elongated  sclerench3ana-cells,  which  are  of  the  nature  of  rod-ceQs, 
and  of  stone-cells.  In  the  same  region  of  the  stem  of  Meliosma  isolated  primary 
groups  of  hard  bast  are  alone  present ;  in  the  radial  direction  these  latter  are 
connected  with  cells  resembling  bast-fibres  and  situated  at  the  marnns  of  the 
groups  of  bast,  which  they  bound  towards  the  medullary  rays.  Finally  the 
primary  cortex  of  Meliosma  contains  numerous  stone-cells,  which  have  lomina 
of  varied  size  and  are  usually  elongated  in  the  direction  of  the  axis  ;  the  origin 
of  the  cork  is  superficial  in  Meliosma  simpiicifdia. 

lANACARDIACEAE. 

I.  Review  of  the  Anatomical  Features.  The  occurrence  of  restn-canals, 
which  are  situated  in  the  bast  of  the  vascular  bundles  of  stem,  root,  and  leaf,  is 
characteristic  of  all  true  Anacardiaceae.  The  only  exceptions  are  the  genera  Cory- 
nocarfms  and  Juliania^  of  which  the  latter  is  also  anomalous  in  other  respects  : 
Juliania  possesses  only  medullary  balsam-canals  in  its  branches,  and  sboold 
therefore  probably  be  included  in  Simarubaceae.  In  addition  to  those  in  the 
bast,  resin-canals  are  met  with  in  the  pith  of  certain  species  belonging  to  a  large 
number  of  genera  (see  the  section  on  the  structure  of  the  axis)  and  in  the  primary 
cortex  of  species  of  some  few  genera  {Anacardium^  Dobinea^  Holigama,  and 
Thyrsodium).  Tannin-sacs  in  the  soft  bast  are  of  widespread  occurrence 
throughout  the  Order  ;  lysigenous  mucilage-cavities  are  present  in  the  primary 
cortex  in  species  of  Campnosperma  (perhaps  also  in  species  of  Fagudia  and 
Trichoscypha :  see  under  structure  of  axis).  The  wood  is  characterired  by 
the  predominant  occurrence  of  simple  perforations  in  the  vessels,  side  by 
side  with  which  scalariform  perforations  only  occur  in  a  few  species ;  by  thlc 
simple  pits,  often  of  large  size,  on  the  vessel-wall,  where  it  is  in  con- 
tact with  parench3ana ;  and  by  the  simple-pitted  and  frequently  septate 
wood-prosench5ana.  The  origin  of  the  cork  is  in  all  cases  suporfidaJ.  In  the 
pericycle  isolated  groups  of  bast-fibres  are  usually  found  ;  they  are  often  arc- 
shaped,  and  in  that  case  enclose  the  outermost  resin-canals  of  the  bast  on 
their   concave   side ;     more   rarely    a   composite   and   continuous    ring  of 

>  Holxstr.,  i88K,|>p.  105-6;  KealioWarbarK,inNaturl.Pflaiizcnfftm.,3.TeU,  AbL5,l8o$,B.36>T. 
*  Brosd  mcdalUnr  may  be  seen  with  the  naked  tjtinS.  iammlaU,  Colebr.,  S,  UMmJrm^  HooL 
f.  et  Th.  and  il/arw^prw,  WalU 
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sclerenchyma  is  found  in  place  of  the  groups  of  bast-fibres.  The  stomata, 
so  far  as  is  known,  possess  no  special  subsidiary  cells.  Oxalate  of  lime  is 
excreted  in  the  form  of  ordinary  soUtary  and  clustered  crystals.  The  hairy 
covering  is  formed  by  ordinary  unicellular  tricbomes  and  by  glandular  hairs 
of  most  varied  shape. 

2.  Structure  of  the  Leaf.  The  leaf-stmcture  has  not  yet  been 
subjected  to  a  thorough  investigation,  since  the  Order  as  such  is  already 
sufficiently  characterized  by  certain  anatomical  features  of  the  axis.  Such  an 
investigation  will,  however,  give  valuable  data  for  the  diagnosis  of  the  spedes 
and  genera,  judging  by  the  Uttle  that  is  at  present  known  regarding  the  leaf- 
structure. 

In  Mangifera  indica^  L.,  as  well  as  in  Spondias  luUa^  L.,  the  stomata  are 
not  accompanied  by  any  special  subsidiary  cells.  Among  the  many  species  of 
Rhu%  investigated,  K.  acuminata^  DC.,  and  K.  semialaia^  Murray,  alone,  according 
to  Kadlkofer,  possess  papillae  on  the  lower  side  of  the  leaf.  The  presence  of 
small  external  glands  on  the  surface  of  the'i  leaf  is  described  by  Radlkofer 
in  this  Order  {Dobima,  species  of  Rkus^  Buckanania^  PkUbochilon^  &c.).  In 
Dobinia  they  are  small  glands  with  a  short  stalk  and  an  oval  head  of  not  very 
many  cells.  In  the  species  of  Rhns  the  glands  are  very  variously  shaped,  and 
might  furnish  useful  characters  for  specific  distinction  ;  for  instance,  I  have 
met  with  the  following  forms  in  Rhus  :  peltate  glands  (similar  to  the  well- 
knoun  glands  of  the  Oleaceae),  which  in  certain  species  (e.g.  R.  mucronala^ 
Thunb.,  or  R.  lucida,  L.),  according  to  Volkens,  cover  the  leaves  with  a  thin 
coating  of  vamish  ;  secondly,  external  glands,  which  are  rosette-like  or  almost 
resemble  stellate  hairs  ;  further,  club-shaped  glands,  which  are  uni-  or  bicellular  ; 
and  finally,  glands  with  a  short  unLseriate  stalk  and  a  spherical  head  of  rather 
numerous  cells.  According  to  Englcr,  simple  unicellular  hairs  are  not  un* 
common.  The  vascular  bundles  of  the  veins  are  accompanied  by  solitary 
rr\Ntals  in  Mangifera  indica^  by  clustered  crystals  in  Spondias  lutea.  In  th^ 
leaf-tissue  of  Rhus  succedanea^  L.,  Spondias  dulcis^  Forst.,  and  of  the  genus 
Tapihra,  Blenk  mentions  the  occurrence  of  clustered  crystals  which  cause 
distinct  transparent  dots.  Transparent  dots,  due  to  secretory  cavities,  arc 
entirely  wanting  in  this  Order.  Tne  secretory  canals,  which  will  be  more  fully 
discassed  in  the  description  of  the  axis,  also  accompany  the  vascular  bundles 
in  the  leaf,  where  they  are  always  found  in  the  phloem,  both  of  the  larger  and 
smaller  veins ;  occasionally  also,  corresponding  to  the  medullary  resin-canab 
of  the  branches,  they  are  found  on  the  upper  side  of  the  wood,  without  ever 
passing  from  the  veins  into  the  mesophyll.  In  Rhus  semialaia  and  R.  glaucm 
iT6cu\  observed  that  the  secretory  canals  of  the  leaf  anastomosed  retictuately 
hke  the  accompanying  vascular  bundles. 

3.  Structure  of  the  Axis  '.    With  regard  to  the  structure  of  the  wood 


*  .Moft  importaot  litermtare :  Eof^ler,  Solcreder  aod  Jadio,  11.  cc  Tbe  above  dcacripcioo  U 
forthcY  bued  on  more  recent  ioYcstigatioiit  of  my  own,  which  were  made  oo  the  fellowiiif 
matrrial :  /fmAatmmia  tessi/i/piis,  Bl,  Mamgif$ra  imdUa^  L.,  AmmeardimM  •ccidtnimU^  L.,  A. 
Hismum.  >t.  Mil..  A,fmmiium,  St.  Hit.,  Giuta  tUgam,  Hook,  fit,  Smintmia  rktufa,  Engl.,  Melam^r- 
rh^a  Hiitata,  Wall.,  D^bimtm  vw(pm'/.  Hamilt,  B^uta  mmer^pkyUm^  Grin..  Spmduu  ImUm,  L., 
/>r.ut*ntcmelmm  svhtstrt,  W..  PUi^ymum  S^lamdri,  EngU  ScUrmitrya  Hrrtm,  Hochft,  PkUU- 
fht/^m  extensum,  WalL,  (ktima  tVtAfr,  Koxb  ,  Tafin'ra  gumtuntis,  AobL,  H^Urkm  ftrupiamm^ 
I-j)l:1  .  /'ki/ivitf  /.emiutut,  L.,  Murpsttmpm  veimiima,  l-jigl.,  Pfntasfadm  MHUyi^  Hook,  fil.,  7^^' 
i^tum  .Sfrmiammm^  Rcath.,  Fmguetia  faitata^  I«  March.,  S^rmMm  tmadmgmumrunsis^  P.  Th., 
IVvu^rMut  lanfi/^Ha^  ^Agt,  Camfm^tferwM  gummi/tra,  L.  March.,  C.  tmacrwfkitlU,  Hook,  fil., 
EurcukmuiJakaiMi,  Hook.  fil..  Kk^d^ifkaira  r^dantktma,  Eagl,  Sihinm  mMe,  L,  S,  dipemdtm, 
Ortr^'ft.  Lttkrata  tmlU0idit^  Kagl..  Csiimms  C^ggyria,  Scop.,  Lsx^siylis  aisia,  Spreng.  fil.,  B^iry^ 
teroj  /.imnmmm,  VMlld.,  MurtmyrJkim  tmadngmimritnsis ,  Our.  (Mm,  Kcw),  Amtfkrlmimm  mrgtn- 
tn$m.  V .  McY.,  BUpkarmarym  imwtimrigirm,  F.  Mull.,  C0m$siiamaiiinf$iim^\sm.^Miitpimm  Limmmei^ 
Kngl..  pMeudcttm^dimprnm ftrmin^num^rjo^^  Rhus  T<tjne0dmdfmt,  L.,  R,  rwimsm^  Zoll.,  B.  Imuem^ 
I^  fil.,  A*,  iypkinm,  L,  Astrmtimm  frmmt^^Hum^  .SchoCt,  Lufpttrygimm  Sugfiii,  Hook,  f,  ScAi- 
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the  following  facts  may  be  pointed  out.  The  medullary  rays  are  uni-  or  bi- 
seriate,  at  the  most  quadri-seriate,  and  are  never  very  broad.  The  vessels  possess 
lumina  of  varied  size  (maximum  diameter » -06  nun.  in  Bkus  Toxicodendron 
to  -105  mm.  in  Anacardium  occtdenUde).  The  perforations  of  the  vessels  are,  as 
a  rule,  exclusively  simple^  and  circular  or  elliptical.  It  is  only  in  Campnosperm^ 
Micronychiay  and  in  Anapkrenium  argetUeum  that  scalaiiform  perforations 
occur  side  by  side  with  simple  openings ;  in  Campnosperma  and  Micronychia  the 
former  possess  numerous  bars  and  relatively  wide  perforated  spaces  between  the 
bars,  in  Anaphrenium  a  very  large  number  of  deUcate  bars,  and  slit-like  perfora- 
tions. The  walls^of  the  vessels  are  provided  with  relatively  laige  bordered 
pits  (border  having  a  diameter  exceeding  oo^  nun.)  at  those  points  where  one 
vessel  abuts  on  another ;  the  border  is  smaller  in  the  above-mentioned  spedes 
of  Buchanania  and  Loxostylis  investigated  by  me,  as  also  in  Sorindeia  and 
Schinopsis.  The  structure  of  the  vessel-wall,  where  it  is  in  ccmtact  with 
ray-  or  wood-parenchyma,  is  extremely  characteristic.  In  these  places 
simple  pits,  usually  of  large  size,  are  chiefly  found  on  the  vessel-wall,  and 
side  by  side  with  them  transitional  forms  to  true  bordered  pits,  but  never 
bordered  pits  alone.  In  many  cases  these  simple  pits  are  elliptical  and 
placed  transversely  to  the  longitudinal  axis  of  the  vessel,  lying  parallel  to  one 
another,  so  that  taken  together  they  call  to  mind  the  scalarifonn  perforation 
of  a  vessel  (Dohineay  Campnosperma^  Loxostylis).  Spiral  thickening  of  the 
vessel-wall  has  been  observed  in  Pistacia  (P.  TerdntUhus^  L.,  and  P.  LenHscus^ 
L.).  The  prosenchyma  forming  the  groundwork  of  the  wood  has  simjde  pits. 
In  the  majority  of  the  species  investigated,  the  lumina  of  the  cells  of  the  wood- 
prosenchyma  are  wide,  e.g.  in  Sorindeia^  Dracontomelum^  Tapirira  ;  on  the  other 
handy  the  cells  of  the  wood-prosenchyma  of  LUkraeOy  Mdanorrhoea^  Noikopegia^ 
Astronium  and  others  possess  narrower  lumina.  In  many  species  the  lumen 
of  the  wood-prosenchyma  is  locally  septate  ;  as  examples  I  may  mention  among 
the  species  which  I  have  examined  those  belonging  to  Buchanania^  Spondias^ 
Dracontomelumy  Pleiogynium^  Phlebochiton^  Tapirira^  Microsiemon^  Tkyrsodium^ 
Protorhm,  Sckinus^  Loxostylis^  Rhus  {R.  lancea),  Schinopsis,  LoxapUrygiumy 
Dobinea. 

The  origin  of  the  cork  is  subepidermal  in  nearly  aU  cases  (namely  in  forty- 
five  genera  investigated  by  Jadin) ;  in  Spondias,  Protorhus,  and  Campnosperma 
alone  the  cork  arises  somewhat  deeper  in  the  primary  cortex,  bat  stiU  in  a 
superficial  layer  of  cells.  Concerning  the  structure  of  the  ccMrk,  Mdller  ^  mentioos 
the  following  points.  The  cork-membranes  are  occasionally  sclerotic  either  go 
one  side  {Mangifera^  Rhus)  or  uniformly  on  all  sides  (ScAi mis)  throoriioat  several 
layers  ;  Pistacia  and  Odina  develop  spongy  cork  consisting  of  cdls  with  thin 
walls  and  wide  lumina ;  Astronium  has  a  periderm  consisting  of  tabular  cdls 
with  thick  walls  ;  in  Anacardium  scattered  groups  of  cells  become  sdeiosed  in 
the  cork,  which  is  otherwise  of  a  spongy  nature,  and  composed  of  delicate 
cells.  According  to  Moller,  Pistacia  and  Astronium  are  characterised  by 
extensive  phelloderm-formation,  the  latter  genus  specially  by  the  possession 

fufsis  hrasilunsis,  EngL,  Naihoptgia  CoUhrookianOy  Bl.,  Drimytarpus  riMMMJttf,  Hook.  £,  Strnt- 
carpus  Anacardium,  L,  HoHgama  AmciiiaMa,  Hook,  t,  U.  Nilftri^  Hook.  C,  St.  firrmgmm^ 
March.  It  may  be  added  that  Jadin  in  his  most  recent  pablication  00  the  Anacudiaoeae,  apait  firea 
niimeroas  tpeciei  representing  all  the  genera  examined  by  ine  and  cited  abore,  for  which  velieR 
most  be  nude  to  the  original,  has  likewise  investigated  genera  which  were  not  acoenaUe  to  1 
▼iz.  Solenecarpus^  Pseudospcndicu,  Poupartia,  CytUcarpa^  HatmaUstapkys^  THckuej^phm^  Mmm 
Sm^dingium^  M$km4ckyla^  Corynocarpus  lAJuliania,  e^)ecially  with  regard  to  the  ttmctve  of  the 
cortex  and  the  distribution  of  the  balsam-canals. 

^  The  statements  from  Moller's  '  Ktndenanatomie,'  taken  into  account  in  what  fellows,  Kfer  to : 
Pistacia  Leniiscus,  L.,  P,  Terebinthus,  L.,  Odina  Woditr,  Roxb.,  Sckimus  tnaUt,  L.,  Jfkm  Cm 
I^  ^.  MAina,  L,,  H.  Toxicodendron,  L.,  Astronium  sp.,  Mangifera  imdica^  L.,  An 
dentali,  L,  Spondias  Bima,  Rich. 
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of  a  pbellodenn  with  regularly  alternating  layers  of  stone-cells  and  thin- 
walled  cells. 

The  primary  cortex,  according  to  Jadin  and  my  own  investigations,  con- 
taias  sclerosed  parenchyma  in  many  cases.  The  latter  tissue  sometimes  has 
thick  walls,  sometimes  exceptionally  wide  lumina  (as  in  the  species  of  SorimUia^ 
Campnosperma,  PUiogynium^  and  Atdanorrkoea  investigated  by  me).  In  many 
s|)ecies  the  stone-cells  of  the  primary  cortex  unite  to  form  a  ring  (species 
l)e]onging  to  the  genera  Spondtas^  Mangifera^  Swintonia^  ScUrocarya^  Pseudo* 
spondias^  Haemaiosiapkys^  Thyrsodium^  Sorindeia^  Campnosperma^  Loxostylis^ 
^modingium,  Asiromum^  Drimycarpus,  Senucarpus,  and  Holigarna). 

The  structure  of  the  pericycle  is  characteristic.  In  the  majority  of  the 
species  it  contains  isolated  groups  of  bast-fibres,  usually  in  the  form  of  an  arc, 
the  convex  side  beine  directed  towards  the  exterior  ;  on  their  inner  side  they 
include  a  single,  and  usually  large,  resin-canal.  The  primary  arcs  of  bast- 
fibres  in  SwitUonia  glauca^  Engl.,  and  Pseudospondias  microcarpa^  Engl.,  com- 
municate with  each  other  in  places  by  means  of  sclerosed  parench3ana.  In 
this  way  a  transition  is  formed  to  the  composite  and  continuous  ring  of  scleren- 
ch3ana,  which  has  only  been  met  with  in  a  few  genera  {Glula  pro  parte,  viz. 
in  G.  eUgans^  Hook,  f.,  DracotUomelum^  Pkld>ochtton^  Pistacia^  Pentaspadon, 
MicrosUmon^  Campnospcrma^  Euroschinus,  Mauria^  Liihraea^  Mdopium^ 
Schinopsis^  and  Drimycarpus)  by  Jadin  and  myself.  In  branches  from  the 
floral  r^on  this  ring  mostly  includes  the  arcs  of  bast-fibres,  which  elsewhere 
ap|)ear  isolated,  and,  in  correspondence  with  this,  it  usually  shows  an  undulated 
course  in  traasverse  section  ;  exceptions  to  this  are  afforded  by  the  species  of 
Pistacia  and  Lithraea  investigated  by  me. 

With  regard  to  the  secondary  bast  MoUer  mentions  three  types.  The 
secondarv  bast  either  lacks  both  bast-fibres  and  sto^e-cells  (Rhus)^  or  contains 
stone-cells  but  no  bast-fibres  (Pis/acta,  Astronia)  or  possesses  bast-fibres  with 
{Mangifera^  Odina^  Anacardium)  or  without  {Sckinus)  stone-cells.  In  the 
secondary  bast  of  the  species  investigated  by  me  I  have  also  frequently  found 
a  fe%^'  scattered  bast-fibres  or  bands  of  bast-fibres,  or  occasionally  groups  of 
hard  bast  united  into  a  ring  by  groups  of  stone-cells. 

Oxalate  of  lime  occurs  in  the  cortex  in  the  form  of  clustered  and 
solitary  crystals.  Chambered  fibres  containing  soUtary  crystals  occasionally 
(Odina,  Atangifera^  Sckinus)  occur  in  the  bast,  but  chambered  fibres  with  clus- 
tered crystals  are  wanting. 

Amongst  the  secretory  organs  of  the  axis,  the  balsam-canals,  which,  accord- 
ing to  Sieck,  are  schixolysigenous,  may  first  be  discussed.  With  the 
exception  of  the  genera  Jmiania  '  and  Corynocarpus  *  they  are  present  in  the 
bast  of  all  the  genera  mentioned  above.  A  large  resin-canal  occurs  in  the  outer- 
most portion  of  the  bast  of  each  vascular  bundle ;  in  a  transverse  section  of 
the  branch  this  canal  is  surrounded  by  the  arcs  of  hard  bast,  mentioned  above, 
thrir  shape  being  that  of  a  horse-shoe  or  almost  annular,  the  latter  e.g.  in 
Mangtfera  indica^  Proiorkus  longifolia^  and  Botryceras  laurinum.  Further, 
strretory  canals  also  occur  in  the  later-formed  portions  of  the  bast ;  these 
possess  a  smaller  lumen  and  are  arranged  in  concentric  circles.  According  to 
Tr^rul  (m  Sckinus  molU  and  species  of  Rkus)  and  Jadin  (in  Spondias  dulcis),  they 
anastomose  tangentially  to  form  a  network.  In  Rkus  viminalis^  according 
to  Tr^ul,  branches  of  the  resin-canals,  situated  in  the  bast,  penetrate  into  the 
me<iullary  rays  of  the  wood  where  they  end  blindly. 

*  According  to  Jadin  (loc.  dt«,  p.  96)  Juitamia  ooly  coouini  tecielory  csdaU  in  the  pith  and 
cooicqucfiily  prohahij  bdongt  to  the  Sinumibacaic. 

*  The  moooCypic  genu  Cmjfmmrfm,  included  in  the  Anacaidiaceae  by  Bentham  and  Hooker, 


poMctfct  no  wcietory  euali  aoconUng  to  Jadin,  and,  if  this  is  correct,  mnit  certainly  be  exdodcd 
from  the  (>  ' 


Order. 
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In  certain  genera  the  resin-canals,  besides  occurring  in  the  bast»  are  occa- 
sionally also  found  in  the  pith  and  still  more  rarely  m  the  primary  cortex. 
Concerning  the  occurrence  of  the  medullary  resin-canals  Engler  has  already 
made  numerous  statements,  and  comes  to  the  conclusion  that  they  do  not 
generally  form  a  generic  character,  so  that  a  natural  division  into  genera  with 
and  without  medullary  resin-canals  is  impossible. 

According  to  Engler,  Jadin,  and  mv  own  observations,  the  medullary  rain- 
canals  are  present  in :  Buchanania^  Mangiferap  Anacardium,  Gimta,  SmnnUmim^ 
Spondias,  Solenocarpus,  DracofUomelum  (according  to  my  own  observations,  and 
contrary  to  Jadin),  Pleiogynium^  ScUrocarya,  Pseudospoiuiias,  PauparHm.  PhUbo- 
chiton,  Odina,  Cyriocarpa,  Haematostapkys,  Tapirifa^  Harpepkylium,  Pentmtpadan^ 
Microsteman,  Thyrsodium,  Faguetia,  Sarindeta  pro  parte,  Trickoscy^ka^  Cmmpmo- 
sperma,  Eurosckinus,  Mauria  pro  parte,  Schinus  pro  parte,  Anapkr^ntum^pro  parte, 
Comodadia  pro  parte,  Metaptum,  Pseudosmodingimn^  Rhus  pro  parte,  Astr&mimm^ 
Loxopterygium,  Schinopsis,  Melanochyla,  Drimyai^fus,  S^nucmrpus,  and  HMgmmm  K 
Their  number  often  varies  considerably  even  in  the  same  genus  (Rkus)^  and  within 
certain  limits  even  in  different  intemodes  of  the  same  plant. 

The  resin-canals  in  the  primary  cortex  have  only  been  observed  in  a  few 
species,  namely,  in  Dohinea  vulgaris^  Ham.,  and  D.Delavayi^  Baill.,in  T^sodimm 
Schomburgkianum^  Benth.  (but  not  in  T.  SprucMnum)^  further  in  Holif^mma 
ArnoUiana,  H.  Helferi^  and  H,  fertuginea^  as  well  as  in  numerous  species  of 
Anacardium  (e.g.  A,  occidcntaU,  L.).  It  is  worthy  of  note  that  they  are  accom- 
panied by  cells  of  the  nature  of  bast-fibres  in  the  species  of  Holigama  men- 
tioned, and  in  Anacardium  occidentaU. 

Besides  the  resin-canals  the  tannin-sacs  which,  according  to  Engler  and 
Jadin,  occur  more  or  less  abundantly  in  the  phloem  of  all  members  of  the  Order. 
must  be  mentioned.  They  are  nearly  always  of  considerable  length,  viz.  2-6 
times  as  long  as  the  surrounding  parenchymatous  cells.  Finally,  I  have  observed 
lysigenous  mucilage-spaces  in  the  primary  cortex  of  Campnosptrma  macropkyU^. 

The  resin-spaces,  mentioned  by  Engler  in  Campnosperma  gummifera^  March., 
and  C.  zeylanica,  Thw.,  and  the  '  glandes  sto^trices '  described  by  Jadin  in  C. 
seycheliarum,  March.,  and  C.  zeylanica,  Thw.,  are  undoubtedly  the  same  as  the  muci- 
lage-spaces. On  the  other  hand,  it  must  for  the  present  remain  doubtful  to  which 
class  of  secretory  organs  the  '  glandes  stor^trices  corticales,'  observed  by  Jadm  in 
Trichoscypka  lucens,  Oliv.,  and  Faguetia  falcaia,  Biarch.,  belong. 

Note. — The  root  contains  a  single  wide  balsam-canal  within  each  of  the 
primary  bast-portions,  and,  in  the  secondary  bast,  resin-canals  with  small  Inmina. 

Litermtnre :  N.  Miiller,  Vert.  d.  Hane  etc,  Pringiheim  Jmhrlk,  Bd.  t,  1866-7,  PP*  4oS-la^— 
Tr^cul,  Vaiit.  propret  dans  let  TMbinth.,  CompL  rend.,  L  bnr,  iSiSy,  P^  ^  €t  leq.,  Aaa.  k.  BAt., 
s^r.  5,  t.  %'ii,  1867,  p.  iij  et  leq.  and  Adantonia,  L  tU,  pp.  121-31.— Van  TieKhem,  Caaui  tfoft., 
Ann.  sc.  nat.,  1^.  5,  t.  xri,  187a,  pp.  i68-7a.^M6Uer,  Denkichr.  Wiener  Akad..  1876,  op.  96-4 
and  39a.— De  Bary,  Vergl.  Anat.,  i877.~Engler,  Gatt  ^kms  etc,  Engler,  BoL  Jahrbi^  BdlX  1881. 
PP-  365-426.— MoUer,  Rindeoanat,  i88a,  pp.  3i3-ai.~Blenk,  Flora,  1884,  pp.  ^et  aeq.,  Kpsfate 
copy,  pp.  79-81.— Solereder,  Holzstr.,  1885,  PP*  106-7. — Leblois,  Ann.  tc  nat.,  1^.  7,  L  ▼!,  1887. 


pp.  394  to  296.— Radlkofer,  Dedinsa,  Sitz.-Ber.  Miinch.  Akad.,  1888,  pp.  385-95.— Borowild,  Aant. 
Baa  etc.  des  Holzes  Ton  Pistana  mutica,  Jahrb.  d.  Petenb.  Font-Inrtit,  Bd.  ii,  iM,  pp.  I -19, 
Rnitian;  abstract  in  Bot.  CentralbL,  1889,  ii,  p.  7j^.-— Donliot,  Ann.  sc  jiat.,  i^.  7^  L  x,  1889, 


an  etc.  des  Holzes  Ton  Pistacia  mmtiea,  Jahrb.  d.  Petenb.  Forst-In«tit,  Bd.  ii,  1888,  pp.  I- 

.^nadan;  abstract  in  Bot.  CentralbL,  1889,  ii,  p.  704. — Donliot,  Ann.  sc  nat.,  s^.  7t  t.  x,  iftvy, 

p.  348.-Morot,  Pfdoen,  Toum.  de  Bot.,  1889,  p.  388.— Petit,  PMole,  Act  Soc  Uaa.  de  Bortan, 


t.  xliii,  1889,  p.  a8.— Radlkofer,Glied.d.Sapbdac,Sitx.-Ber.  Miincb.  Akad.,  189a— VolkcM,  Lack. 
BL,  Ber.  dentsch.  bot  Gesellsch.,  i8qo.  p.  130.— Engler,  in  NatiirL  Pflanxen£am.,  ilL  TcO,  Abt  5. 
pp.  139-41.— Jadin,  Dobitum  et  l^edpon,  Jonm.  de  Bot.  1893,  pp.  a50^.— The  mmt^  C<»lrib.*i 
retnde  des  T^r^binth.,  Montpellier,  1894,  97  et  sea.—Tbe  same,  Stnict  et  affin.  del  TMUstk^ 
Ann.  sc  nat,  1^.  7,  t  xix,  1894,  p.  i  et  seq. — SiecL,  Pringshelm  Jahrb.,  Bd.  azriii,  1805,  pk  aa; 
et  seq.— Engler,  Natiirl.  Pflantenfam.,  Nachtr.  a.  Reg.,  Teil  Q>iT,  1806,  p.  ai6.— Knhla,Plicllodcni, 
Bot  Centralbl.,  1897,  iii,p.  196.— [Diels,  Ephannoae  d.  Veg.-Org.  bd  Rhm  L.,  f  Gerootogcnc.  EiiC^* 
Engler,  Bot.  Jahrb.,  Bd.  zxIt,  1898,  pp.  568  et  seq.  and  Tab.  xiT.] 

^  Jadin's  statement  eonoeming  the  occurrence  of  mednlUmr  resin-canals  in  Milmnmrkeem 
Engl.,  and  M,  usUaia,  WalL,  is  mcorrect  accwding  to  my  inTcstigatioos  on  aocnnteljr  "^ 
specimens  of  these  spcdct. 
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CORIARIEAE. 

This  Order,  consisting  of  only  one  genus  (Coriaria)  with  few  species,  possesses 
the  following  anatomicd  features,  which  have  been  investigated  m  detail 
es|)ecially  in  Coriaria  myrtifdia^  L. 

The  stomata,  which  in  C.  myrtifolia  occur  on  both  surfaces  of  the  leal^  are 
adjoined  on  either  side  by  a  single  subsidiary  cell,  parallel  to  the  pore. 
The  outlines  of  the  cells  of  both  upper  and  lower  epidermis  are  polvgonal  in 
the  species  named  ;  the  leaf- tissue  is  nearly  centric  and  alnnost  entirely  formed 
of  paJisade-tissue.  Oxalate  of  lime  appears  to  be  absent  from  the  leaf ;  in  the 
axis,  on  the  other  hand,  it  has  been  observed  (in  the  medullary  rays  of  the  bast) 
in  the  form  of  soUt^uy  crystals.  The  leaf  is  rich  in  tannin  and  is  consequently 
made  use  of  technically  (as  sumach).  Trichomes  are  wanting  in  Coriaria 
myrtifolia^  but  are  present  in  C.  nepaUnsis^  Wall.,  and  C.  tkymifolia^  Humb. 
ct  Bonpl.,  in  the  form  of  papillae  of  bladder-  or  finger-Uke  shape.  Glandular 
hairs  do  not  occur. 

A  transverse  section  of  the  wood  shows  broad  medullary  ravs,  which  are 
as  much  as  seven  cells  in  breadth,  and  vessels  with  a  diameter  o!  as  much  as 
•105  mm.  The  cells  of  the  medullary  rays  are  elongated  in  the  vertical 
direction  ;  the  end-walls  of  the  vessels  have  simple  perforations.  The  wood* 
prosenchyma  has  simple  pits. 

With  regard  to  the  structure  of  the  wood  the  species  of  Coriaria  may,  according 
to  Rusaow,  be  divided  into  two  groups.  The  first  of  these,  which  comprises  the 
species  of  the  Northern  hemisphere  (C.  myrtifolia,  L.,  C.  faponica,  A.  Gray,  C.  sinica^ 
Maxim,  and  C.  nepalensis,  Vrall.),  these  being  the  species  which  develop  their  in- 
florescences on  the  branches  of  the  previous  vear,  is  characterized  by  the  fact  that 
the  primary  medullary  rays  do  not  reach  as  far  as  the  pith,  but  are  separated  from 
it  by  strongly  thickened  mterfascicular  tissue,  which  in  transverse  section  appears 
like  wood-prosenchyma.  On  the  other  hand,  in  the  species  of  the  second  group, 
formed  by  those  01  the  Southern  hemisphere  (C.  micropkylla,  Pdir.,  C.  ruscifolia, 
L.,  and  C.  sarmeniosa,  Forst.,  the  inflorescences  of  which  develop  on  the  branches 
of  the  current  year),  the  parenchyma  of  the  primary  medullary  rays  penetrates  as 
far  as  the  pith. 

In  Coriaria  the  outer  limit  of  the  bast  is  formed  by  massive  isolated  groups 
of  bast-fibres.    The  cork  of  C.  myrtifolia  arises  immediately  below  the  epidermis. 

As  to  the  affinities  of  the  Order,  which  are  still  uncertain,  the  above 
anatomical  features  give  no  further  information. 

Lttentttre  :  Rqmow,  Anmt.  Bftn  der  UnUpr.  der  C,  Sitx..Ber.  DorpOer  NatnrC-Gaellsch.,  Bd. 
vi,  18S4,  pp.  87-^-*Solereder,  Holxttr..  1885,  p.  loy.—Eogler,  Natiirl.  Pflafizoifaiii^  ^  Teil,  Abt.  5, 
189J,  p.  IS9. 

MORINGEAE. 

The  following  points  mav  be  mentioned  with  regard  to  the  anatomy  of  this 
small  Order,  which,  like  the  last,  consists  of  only  one  genus  (Atoringa). 

The  leaf  (Af .  piervgosperma^  Gaertn.)  bears  stomata  without  special  sub- 
sidiary cells,  and  simfde  unicellular  hairs  with  blunt  tips.  Glandular  hairs  are 
ahNcnt. 

Noteworthy  features  in  the  structure  of  the  wood  (Af.  apiera^  Gaertn., 
.V.  ptrrygosperma)  are :  that  the  vessels  have  simple  perforations  and  simple  pits, 
rs|)fTially  where  they  are  in  contact  with  parenchyma,  and  that  the  wood- 
j)rosi»nchyma  is  simple-pitted.  In  the  pencycle  of  the  two  spedes  named, 
there  are  groups  of  prosenchymatous  ceUs,  which  have  wide  lumina  and  are 
strongly  developed  in  the  radial  direction  ;  in  M.  pterygospcrma  alone  they  are 
uniti*d  by  lignified  parench)miatous  cells  with  wide  lumina  into  a  broad 
strengthening  ring. 

Oxalate  of  lime  is  excreted  in  the  leaf  in  the  form  of  clustered  crystals,  in 
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the  axis  in  the  form  of  solitary  and  clustered  crystals.  Miidlage<anals 
are  present  in  the  pith  in  Af .  pterygosperma  (one  at  the  centre  of  the  pith)  and 
in  M.  apiera  (two  such) ;  further,  according  to  Pax,  lysigcpoos  mucilage- 
cavities  occur  in  the  cortex,  and,  according  to  Volkens,  mnril^nnwc  epidermal 
cells  in  the  leaf  {M.  apUra). 

Litentnre:  Solereder,  Holzitr.,  1885,  p.  107.— Volkcns,  AcgypL-vab.  WArte,  1887,  p.  115.^ 
Pax,  in  NmtiirL  Pflinimfam.,  3.  Teil,  Abe  2,  1891,  p.  34a. 

CONNARACEAE. 

1.  Review  OF  THE  Anatomical  Features.  According  to  the  investigations 
hitherto  published  the  anatomical  features  comnuMi  to  the  members  of  this  Order 
are  :  the  simple  perforations  of  the  vessels,  the  simple  pitting  of  the  locally  sep- 
tate wood-prosenchyma,  the  simultaneous  occurrence  of  simple  and  bordered 
pitting  on  the  vessel-walls,  where  they  are  in  contact  with  parenchvma,  the 
superficial  formation  of  peridenn,  the  comp>osite  and  continuous  ring  of  scleren- 
chyma  in  the  pericyde,  the  restriction  of  the  stomata  to  the  lower  side  of  the  leaf, 
and  the  manner  of  excretion  of  oxalate  of  Ume,  viz.  in  the  form  of  scriitary  oystab 
(no  clustered  crystals).  The  stomata  belong  to  different  types  as  regards  their 
neighbouring  cells  (see  below).  Internal  secretory  organs  are  represented  by 
mucilaginous  epidermal  cells  in  the  leaf  (spedes  of  Agdaem^  CnesUs^  CannMnts^ 
Bemardinia^  and  Rourea)^  by  lysigenous  secretory  cavities  with  resinous  con- 
tents both  in  the  leaf  and  in  the  £>ral  organs  {Cannarus)^  by  secretory  cdk  in 
the  leaf  {Agelaea^  Byrsocarpus),  by  tannin-sacs  in  the  bast  of  the  axb  (Cannmrus)^ 
and  by  groups  of  cells  with  mucilaginous  membranes  (Raurea).  The  hairy 
covering  (Fi^.  55)  is  formed  by  two-armed  or  one-armed  unicellular  hairs 
(spedes  of  Connarus,  Rourca,  Bemardinia^  Byrsocarpus),  by  branched  hairs 
which  in  part  show  s3anpodial  structure  (spedes  of  Comtams),  by  trichomes 
resembUng  tufted  hairs  (Agdaea\  and  by  ordinary  unicellular  hairs  (Raunm 
pro  parte  and  Cnestideae).  Glandular  hairs  have  hitherto  been  met  with  only 
m  the  floral  organs  (calyx  of  Rourca  Mariiana^  Bak.). 

The  following  special  features  of  the  leaf -structure  require  mention  here : 
the  varied  form  of  the  stomata  and  the  varied  nature  of  the  adjoining  ceDs, 
(several  ordinary  neighbouring  cells  :  Cannams^  EUipanthus  ;  stomata  together 
with  their  subsidiary  cells,  wedged  in  between  three  epidermal  ceDs :  &mea^ 
Agda€a^  Bernardinia ;  stomata  with  subsidiary  cells,  parallel  to  the  pore : 
Cne$iis) ;  the  papillose  nature  of  the  lower  epidermis  {CnesHs  ramfhra^  uriff., 
and  Pseudocannarus) ;  the  sderenchymatous  hypoderm  on  the  upper  side  of 
the  leaf  {Connarus  pro  parte) ;  the  conversion  of  the  epidermis  into  two  or 
three  layers  by  means  of  secondary  divisions  (spedes  of  Ro^ea). 

2.  Structure  of  the  Leaf.  We  owe  our  knowledge  on  this  subject  to 
Radlkofer's  researches,  which  are  followed  here. 

The  stomata  are  restricted  to  the  lower  side  of  the  leaf.  The  form  of  the 
guard-cells  and  the  arrangement  of  the  neighbouring  cells  with  reference  to 
them  vary.  In  Connarus  the  stomata  are  provided  with  a  front  cavity,  which 
b  widely  opened,  and  often  at  the  same  time  very  lar^e ;  they  are  surrounded  by 
about  SIX  epidermal  cells,  which  are  of  equal  size  and  are  similar  to  the  remain* 
ing  cells  ot  the  epidermis  (endrded  stomata*'  umkranzte  Spalt5ftiuiigen '). 
In  Rourca^  on  the  contrary,  espedally  in  the  American  spedes  of  the  genus,  the 
stomata,  which  are  completely  covered  in  by  two  subsidiary  cells,  are  provided 
with  an  dongated  and  narrow  front  cavity  and  occasionaUy  with  an  external 
pore,  connected  with  the  former ;  in  certain  spedes  {Rourea  fruiescens^  AubL* 
R.  glabra,  H.  B.  K.,  R.  oblongifolia.  Hook,  et  Am.,  and  R.  revoluU^  Planch.)  the 
stoma  together  with  its  subsidiary  cells  is  wedged  in  between  three  narrow  cells; 
Agelaea  and  Bernardinia  have  their  stomata  similarly  surrounded.    Among 
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the  Cnestideae,  Cnestis  possesses  narrow  stomata  with  subsidiary  cells  placed 
on  either  side  and  parallel  to  the  pore,  while  EUipanihus  tametUosus^  Kurz,  has 
encircled  stomata.  The  detailed  structure  of  the  epidermis  presents  a  few  other 
noteworthy  anatomical  features,  namely :  formation  of  papillae  on  the  lower 
epidermis  of  the  leaf  (Pseudoconnarus^  Lmstis  ramiflara^  uriff.) ;  occurrence  of 
mucilaginous  epidermal  cells  (in  Connarus  monocarpus^  L.,  and  Agelaea  WaUichii^ 
Hook,  f.,  in  small  numbers ;  re^larly  in  Rourea  and  Bernardinia^  but  not  in 
ByrsocarpHs  ;  amon^  the  Cnestideae  in  Cnesiis  glabra^  Lam.,  and  C.  ramiflara^ 
Griff.,  but  not  in  EUipanihus  iotPutUosus) ;  development  of  hypoderm  of  a 
special  kind  on  the  upper  side  of  the  leaf.  In  the  species  of  Connarus  to  be 
mentioned  later  (see  the  table  at  the  end  of  the  leaf-structure),  e.g.  C.  favosus^ 
Planch.,  the  hypoderm  consists  of  a  layer  of  short  sclerenchyma-fibres,  which 
t;  connected  with  the  plates  of  sclerenchyma  by  means  of  which  the  bundles 
of  the  veins  are  vertically  transcurrent.  In  numerous  species  of  Rourea  {R, 
fruUscens^  Aubl.,  R.  glabra,  H.  B.  K.,  R.  revoluia.  Planch.,  R,  oblongifolia^ 
Hook,  et  Am.,  R.  camptontura,  Radlk.,  and  R.  pubescens^  Radlk.)  the  hypo- 
derm shows  a  different  structure ;  here  the  epidermis  becomes  2-3-layered, 
especially  on  the  upper  side  of  the  leaf,  through  the  appearance  of  division- 
walb  parallel  to  the  leaf -surf  ace  ;  this  duplication  may  either  be  local  or  may 
extend  to  all  the  epidermal  cells  with  the  exception  of  those  which  are 
most  strongly  and  probably  very  early  gelatinized. 

Of  internal  secretory  elements  the  following  have  been  observed  : 
firstly,  rather  large  secretory  cells  (with  contents  resembling  ^m-resin)  in 
Agelaea  Lamarcki,  Planch.,  and  A.  Koneri,  O.  Hoffm.  et  Hildebr.,  m  which  they 
may  be  observed  as  whitish  dots  after  cutting  the  leaf;  secondly,  mucilage-cells  (?) 
on  the  lower  side  of  the  leaf  of  Byrsocartus  Pervilleanus,  Baill.,  in  the  neigh- 
l>ourhood  of  the  vascular  bundles,  especially  those  of  the  median  vein  ;  thircUy, 
lysigenous  secretory  cavities  in  Connarus  (excl.  C.  fecundus,  Bak,  =  Pseudocon* 
narus,  Radlk.).  The  secretory  cavities  contain  a  brown  doubly  refractive 
resin,  which  is  readily  soluble  in  ether  and  possesses  a  radiate  structure  ;  they 
are  mostly  situated  in  the  middle  of  the  mesophyll  and  usually  only  cause 
trans|)arent  dots  after  the  leaf  has  been  cut  into  from  the  lower  side.  In  most 
of  the  s|)ecies  they  are  found  both  in  the  leaves  and  in  the  floral  organs ;  but  in 
other  species  they  are  restricted  to  the  leaves  (e.g.  in  C.  conferiiflorus,  Bak.) 
or  to  the  floral  organs  (e.g.  in  C.  erianihus,  Bak.). 

In  the  leaf  oxalate  of  lime  is  never  present  in  the  form  of  clustered,  but 
only  of  ordinary  solitary  crystals.  The  latter  occur  in  the  leaf  of  certain  species 
of  rn^5/t$  and  Agelaea  (C.  glabra,  C,  ramiflora.  A,  penlagyna,  A.  Koneri)  in 
unusual  numbers  and  are  of  conspicuous  size.  The  mucilaginous  membrane  of 
the  epidermal  cells  of  Rourea  amazonica,  Radlk.,  and  R,  palenlinervis^  Radlk.,  is 
covered  with  numerous  small  crystals  of  oxalate  of  lime  (a  kind  of  crystal-sand). 

The  form  of  the  clothing  hairs  (Fig.  55)  is  rather  varied.  In  most  species 
of  Connarus  the  unicellular  trichomes  are  distinctly,  although  often  unequally, 
two-armed,  and  occur  both  on  the  leaf  and  on  the  inflorescences  and  floral  organs 
(P>K-  55.  A-B) ;  occasionally,  however,  by  reduction  on  one  side  they  may 
l>ecome  one-armed  (Fig.  55,  C).  In  other  species  of  Connarus  the  hairs  are 
articulated  and  branched  (Fig.  55,  D-F),  their  component  celk  being  either 
t^longated  and  protruded  laterally  at  special  points  to  form  long  branches, 
or  short  and  each  drawn  out  in  its  entirety  to  produce  a  branch,  the  axial 
l>art  of  the  hair  beinf  built  up  in  the  manner  of  a  sympodium  by  the  basal  parts 
of  the  joint-cells.  Rourea  {R.  fruUscens,  Aubl.  and  its  allies)  and  Bernardinia 
po*;sess  very  uneaoally  two-armed,  or  one-armed  unicellular  hairs  ;  in  Rourea 
{R.  indula.  Planch.,  &c.),  however,  ordinary  unicellular  hairs  also  occur.  In 
Agelaea,  curly  trichomes  are  in  some  cases  {A,  penlagyna.  A,  Koneri)  present ; 
these  are  united  at  their  base  in  pairs  or  several  together,  and  appear 
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to  be  derived  from  two-armed  hairs,  whilst  they  constitute  a  transition  to  tufted 
hairs  ;  in  other  cases  (fruit  of  A,  WaUichii)  one-armed  hairs  like  those  of  Con- 
narus  occux.  In  Byrsocarpus  the  trichomes  on  the  lower  side  of  the  leaf  fonn 
transitions  from  one-armed  to  very  unequally  two-armed  hairs.  Cnesiis^  as 
also  EUipanikus  and  perhaps  all  the  Cnestideae*  have  simple,  bristle-like,  imi- 
cellular  hairs,  in  which  the  lumen  is  enlarged  at  the  base. 

The  following  is  a  review  of  the  anatomical  features  of  the  leaf  in  the  American 
species  of  Connarus,  according  to  Radlkofer : 

A.  Hairs  two-armed  or  almost  two-armed  :  (a)  Sclerenchymatoos  hypoderm  : 
C.  favosus.  Planch. ;  (6)  Without  hypoderm :  C.  gmamsnsis^  Lamb.,  C.  Scham- 
bufgkiu  Planch.,  C.  Sprucei,  Bak.,  C.  ruber,  Bak.,  C.  pamumsnsis,  Griseb.,  C.  JMm- 
cketii.  Planch.,  C.  marginaius.  Planch.,  C.  Beyrichiu  Planch.,  C.  cumeifoHus,  Bak., 
C.  nodosus,  Bak.,  C.  Patrisii,  Planch.,  C.  cyimosus.  Planch. 


ierm :    C.  cimferiiflonu,  Bak^ 


Fia  55.    A-c  Tvo-anncd  and  oae-anacd  tridioaies  d  Cmmmrms  , 
otwpecin  of  Commsrwu:  DHt,  Comwtmm*  fmivu9s  PUach^  r, 
is  •£««  from  above,  that  in  D  and  r  Horn  tW  «de.— OrifiaaL 

B.  Branched  hairs :  (a)  Without  secretory  cavities ;  hairs  not  distiiictiy 
sympodial :  C.  f>achyneurus,  Radlk.,  C.  erianihus,  Bak. ;  (6)  with  secretory  cavities  ; 
hairs  often  distinctly  sympodial ;  {aa)  Sderenchymatous  hypoderm  :  ^ 
Planch.,  C  fulviis.  Planch.  ;  (66)  Without  hypoden 
C.  Perrottetii,  Planch.,  C.  deter sus.  Planch. 

3.  Structure  of  the  Axis.  The  following  points  may  be  mentioned  with 
regard  to  the  structure  of  the  wood,  which  I  have  examined  in  species  of  Cmestis^ 
Cnesiidium,  EUipanikus,  Rourea,  and  Connawus,  In  CneMiium  Unocmwpmm. 
Bak.,  the  medullary  rays  are  1-5  cells  broad ;  in  all  other  cases  they  are  only  mii- 
or  biseriate.  The  diameter  of  the  vessels,  which  have  rounded  lumina,  and  are 
mostly  isolated,  varies  (maximum  diameters -045  mm.  in  EUipafUkus  Hdftru 
Hook,  fil.,  -08  nmi.  in  Cnesiis  glabra^  Lam.,  ftc.).    The  perforations  of  the  ^ 
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are  always  simple ;  the  vessel-wall,  where  it  is  in  contact  with  parenchyma, 
is  provided  wltn  simple  or  bordered  pits.  The  woodUprosenchyma  is  simple- 
pitted  and  is  occasionally  septate  in  all  the  species.  Tne  wood-parenchyma  is 
little  developed  or  is  absent.  This  tissue  (Cne^idium)^  like  the  wood-prosen- 
ch3ana  (CnesHs^  CnesHi%um\  occasionally  contains  solitary  crystals. 

The  structure  of  the  cortex  was  investigated  by  me  in  Connarus  fulvus 
and  Rourea  indula.  In  both  species  the  cork  arises  subepidermally  and  is 
composed  of  cells  with  fairly  wide  lumina.  The  pericycle  in  both  species  con- 
tains a  composite  and  continuous  ring  of  sclcrenchyma  ;  the  secondary  bast  in 
Connarus  fulvus  includes  tangential  groups  of  tannin-sacs  with  wide  lumina, 
similar  to  those  of  many  Leguminosae  ;  in  Rourea  induta  it  contains  secondary 
groufK  of  hard  bast.  The  primary  cortex  of  Rourea  induia  is  characterized 
by  the  presence  of  mucilage-spaces,  which  are  apparently  formed  by  cells  with 
mucilaginous  membranes.  Clustered  crystals  are  wanting  in  the  axis,  as  in 
the  leal. 


Litentare:  Solercder,  Ilolntr.,  1885,  p.  108.— Radlkofer,  Durchticfatige  Pnnkte  u.  andere  moat. 
Charmkt.  dcr  C,  Siti.-Ber.  Miincb.  Akad..  1886,  pp.  343-78  and  Dnrcbt.  P.,  loc.  dU  P>  316.— Gilg,  in 
Natttrl.  PflaoKofam.,  3.  Teil,  Abe.  3,  1890,  p.  6a.~H.  Sdicnck,  Anat  d.  Lianen,  1H93,  p.  158. 


LEGUMINOSAE. 

The  anatomy  of  the  three  sub-orders  of  the  Leguminosae,  the  Papilionaceae, 
Caesalpinieae,  and  Mimoseae,  will  be  discussed  separately  in  what  follows.  Here 
it  need  only  be  pointed  out  that  certain  features  in  the  structure  of  the  wood 
are  common  to  all  the  Leguminosae,  namely  simple  perforations  in  the  vessels 
and  simple-pitted  wood-prosenchyma.  Reference  may  also  be  made  to  certain 
anatomical  features,  which  will  in  some  cases  facilitate  the  determination  of 
a  sterile  Leguminous  plant  as  a  member  of  the  Papilionaceae  or  Caesalpinieae 
or  Mimoseae.  The  tannin-sacs  (Fig.  56),  which  have  wide  lumina  fill^  with 
brown  albuminous  contents  and  are  very  widely  distributed  in  the  Papi- 
lionaceae, or  corresponding  elements  with  different  contents,  are  met  with  in 
the  Mimoseae,  but  are  not  found,  or  only  show  nidimentarv  differentiation, 
in  the  Caesalpinieae.  The  ordinary  hairy  covering  of  the  PapiUonaceae  consists 
of  simple  uniseriate  hairs,  which  possess  one  or  several  short  basal  cells  and 
a  long  terminal  cell  (Fig.  59,  A-b).  Trichomes  of  this  kind  have  not  been 
observed  in  the  Caesalpinieae  or  Mimoseae  ;  in  place  of  them  in  these  sub-orders 
ordinary  unicellular  hairs,  which  appear  to  t>e  absent  in  the  Papilionaceae* 
very  frequently  occur.  A  third  anatomical  feature,  which  is  of  value  for  this 
purpose,  is  the  manner  of  excretion  of  oxalate  of  lime :  in  the  Papilionaceae  it 
IS  found  almost  solely  in  the  form  of  ordinary  or  of  small  rod-like  solitary 
crystals,  while  in  the  Caesalpinieae,  besides  soUtary  crystals  clustered  crystals 
frequently  also  occur ;  in  the  Mimoseae,  clustered  crystals  have  only  been 
(>bs(*r\'ed  in  the  genera  Afimosa  and  Piptadenia^  elsewhere  only  solitary 
crystals. 

L    PAPILIONACEAE. 

I.  Re\iew  of  the  Anatomical  Features.  Anatomical  characters,  which, 
according  to  the  investigations  hitherto  made,  arc  characteristic  of  all  the 
Papihonaceac  with  but  few  exceptions,  are  not  numerous.  Such  are :  the 
simple  perforations  of  the  xylcm-vessels,  the  simple  pitting  of  the  wood-prosen- 
chyma, the  absence  of  clustered  crystals,  and  tne  lack  of  ordinary  unicellular 
hairs  *.  Besides  these  anatomical  features  the  following  may  be  noted  as  indi- 
cating that  a  j>lant  belongs  to  this  suborder :  the  occurrence  of  styloid-like  or 

'  If  OM  ditrtgardt  the  papUlMOOCuioiiAlly  differentiated  like  haiit  oo  the  leaves  of  certain  tpedct. 
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>ni2Lli  T'ji'iULir  CTy>tal5  asd  of  dooeated  i^ac-Hke  cdHs,  which  usually  cootam 
tannir.  ^liz  protesd  a:3d  i3  the  ±^ed  kai  are  ccdoured  brown  (*  tannin*sacs.' 
Fii:.  5: :.  mo  charaners.  however,  wtuch  by  xx>  means  belong  to  all  the 
m*•^:':•e^^  o:  the  Papihanaceae,  hu:  only  to  some  of  them. 

Il  '.'ther  respects  very  varied  anatomical  icatares  are  found.  In  some  ot 
the  ?:»*T3ef  :be  s'tomata  ajre  7*^o^^ded  W3th  subsidiary  cells,  which  are  directed 
paraiiel  to  the  pore,  m  other?  the  stomata  are  sorrounded  by  ordinary  ej»- 
dern^a]  cell^  «ntfaout  speaal  oneniatson.  The  smaller  veins  of  the  l«Lf  arc  m 
some  ca^^  em'r>edde±  in  others  vercicaily  transcurrent.  The  place  of  origin  0! 
the  cork  15  ver\*  varied  :  thus  it  may  be  the  ttrst  cell-layer  of  the  primary  cortex 
or  a  deeper  one,  occasionally  a  middle  rone  or  the  innermost  layeTt  while  in  some 
cases  the  development  ox  cork  even  takes  place  in  the  pericyde  on  the  inner 
side  oi  the  phm'an*  hard  bast.  Ai  the  outer  hmit  of  the  bast  either  isolated 
groups  ot  bast-nbres  occur,  or  a  hnc  ot  ba$t-&bres«  or  in  many  cases,  a  composite 
and  continuous  sc]erench>-7na-nn$.^  The  secondary  bast  is  frequently  stratified 
into  hard  and  soil  bast. 

Intemal  secretory  organs  of  varied  nature  are  present.  In  many  species 
the  same  contents  that  occur  in  the  above-mentioned  tannin-sacs  occupy  special 
idiobla.st>.  which  belong  to  the  leai-tissue,  and  are  situated  in  the  palisade 
ti>>ue.  or  ionn  a  middle  layer  m  the  mesophyU.  or  the  lowermost  layer  of  the  leai- 
tis^ue.  Secretory-  cells  with  other  contents  have  been  observed  in  the  genera 
H2UU,  Loncho:jrpu$,  MAckamum^  MMnauuA^  MuetUta^  Pongamia,  Sophora^ 
and  Tfpkrosta,  Secretory  ca\iues  occur  m  the  genera  Amicia^  Amorpka, 
Apcfplanesia,  DoUj,  Derns,  Dipt^nx,  Evs-enkarjUia^  LoncMocarpus^  Marina^ 
MiIUUj.  MueUera,  Mytospfrmum^  Myrc^wlcfi.  PiUlosUmon.  Piscidia^  PtnretU, 
Ponzamia,  PsoraUa.  Purodon,  and  Zcmia  ;  in  some  species  of  Derris^  Loncko- 
carpus,  and  Piscidia  they  are  characterized  by  a  pafxllasely  differentiated 
epithelium  (Fig.  57,  B)\  in  PsoraUa  the  secretory  cavities  are  intramural 
glands  (Fig.  57,  Au  and  in  certain  species  of  Derris.  LoncMocarpus^  Milhtt^ 
and  PoHgamtJ  they  are  peculiar  spherical  secretory  spaces  (Fi^.  57,  C),  which 
are  surrounded  by  a  loose  envelope  of  cells  curved  like  meridians  on  a  globe. 
Resin-canals  are  rare  (MtlUtia  auricuUia,  Bak..  Myroxyhn  Pereirae,  Klotxsch) : 
lysigenous  gum-canals  occur  in  the  wood  of  Hermintera,  In  this  connexion 
we  may  mention  the  formation  of  tragacanth  in  the  species  of  Astragalus^  the 
occurrence  of  an  amyloid-like  body  in  Astragalus  bratkycalyx^  Fisch.,  and  of 
indigo. 

Oxalate  of  lime  occurs  chiefly  in  the  form  of  ordinary  solitary  or  small  rod- 
like crystals  (Fig.  58,  A ).  while  small  cr>*stalline  granules  or  prisms,  sphaerites 
(Discolobium),  and  clustered  crystak  appear  very  rarely.  The  aystak— 
esj>ecially  when  small  and  rod-shaj>ed — are  ver\-  frequently  inserted  in  thicken* 
ings  of  the  walls  of  the  cells  which  contain  them. 

The  hairy  covering  (Fig.  59)  consists  of  clothing  and  glandular  hairs. 
The  usual  form  of  the  clothing  hairs  l<;  that  of  simple  uniseriate  trichomes 
with  one  or  several  short  basal  cells  and  a  long  terminal  cell  (Fig.  59,  A-C). 
Sj>ecial  forms  of  the  clothing  hairs  are  as  follows  :  two-armed  hairs  {Astra- 
galus, Cyamopsis,  Diplotropis,  Eryihrina,  Gueldenstaedtia.  Indigofera^  Lessertia. 
Sphaerophysa,  Swainsonal  the  walls  of  which  (excluding  Diploiropis  and 
Erythrina)  are  frequently  encrusted  with  carbonate  of  lime ;  the  branched 
tnchomes  of  Erythrina  (fig.  59,  E).  consisting  of  basal  cells  and  a  branched 
terminal  eel],  and  the  branched  unicellular  hairs  on  the  branches  of  species  ot 
DipUryx  (Fig.  59,  F)  ;  hooked  hairs  (.-f/ysicarptts.  Barbitria^  Canavatia^  Cm- 
trosema^  Chtoria.  iJesmodium,  EUiotis,  Leptodesmia.  Lourea,  Mecopus^  Ougeimia^ 
Periandra.  Phaseoius,  PicUtia,  Pseudarihria^  Pycrtospora,  and  Uraria) ;  the  multi- 
seriate  shaggy  hairs  of  Afschynomem.  Arachis,  Chapmannia^  Discolobium^  Geiss* 
aspis,  Ormocarpum,  Smi/Aia,  and  SiylosafUhts.  and  the  anchor-Uke  shaggy  hairs 
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of  Cranocarpus  (Fig.  59,  C),  which  have  an  extremely  characteristic  struc- 
ture. The  glandular  hairs  also  possess  varied  structure ;  at  this  point  special 
mention  need  only  be  made  of  the  peltate  glands  of  species  of  Cenirohbium 
and  Indigofera  (Fig.  59,  A/),  which  enclose  an  intercellular  secretory  space. 

A  whole  series  of  special  anatomical  features  are  suitable  for  the  more 
detailed  diagnosis  of  Papilionaceae.  Of  these  the  following  should  be  men- 
tioned :  the  f)apillose  differentiation  of  the  epidermis  of  the  leaf ;  the  gelatiniza- 
tion  of  the  epidermal  cells  of  the  leaf ;  the  development  of  hypoderm  in  the  leaf, 
which  is,  however,  rare ;  the  restriction  of  stomata  to  the  upper  side  of  the 
leaf,  peculiar  to  Geoffroya  spinosa^  J^ca.  ;  the  transverse  position  of  the  stomata 
on  the  phylloclades  and  branches  of  Carmickaelia  australis^  R.  Br.,  and  of 
species  of  Alhaei  ;  the  occurrence  of  sclerenchyma- fibres  (species  of  Arnmoden- 
dron,  Andira,  aawdichia^  Ormosia^  Platymiscium  Swarizia)^  of  spicular  celk 
(species  of  Swaftxia)  and  of  mucilaginous  cells  (Petalosiemon)  in  the  mesophyll ; 
the  occurrence  of  crystals  in  the  epidermis  of  the  leaf  in  many  species,  and  in 
a  specially  characteristic  manner  in  Canavalia  (Fig.  58,  C)  and  Sfylosanikes 
(Fig.  58,  B) ;  the  various  detailed  features  of  the  structure  of  wood  and  cortex  ; 
the  tier-like  construction  of  the  wood  in  some  species  ;  the  peculiar  composi- 
tion of  the  wood  in  some  aquatic  forms  (species  of  Aeschynoment^  Erythrina^ 
Geissaspis,  Herminicra^  and  Soemmeringia^  cf.  Fig.  60) ;  the  occurrence  of 
cortical  vascular  bundles. 

In  connexion  with  the  last-named  anatomical  feature,  the  anomalies  of 
the  stem-structure  in  some  Papilionaceous  Uanes  may  also  be  mentioned. 
These  consist  in  the  appearance  of  successive  rings  of  vascular  bundles(£)a/b^Fui, 
Derris,  \fachaerium,  A/wcuna,  Pachyrhizus,  Pueraria,  Rhynckosia,  SpatkolobuSf 
and  Wistaria)^  in  the  formation  of  phloem-tissue  in  the  wood  (DiacUa^  Mucuna^ 
and  Phasfolus)^  in  the  development,  in  centripetal  order,  of  strands  of  wood 
and  bast  in  the  secondary  cortex  (£)d/6^^ui,  Schenck's  stem.  No.  495),  and  in 
the  occurrence  of  a  composite  xylem-mass  (piece  of  stem,  Martins,  No.  254, 
undetermined,  see  Fig.  62). 

2.  Structure  of  the  Leaf.  A  thorough  systematic  investigation  of  the 
anatomy  of  the  leaf  has  been  undertaken  in  the  more  important  tribes  of  the 
Papilionaceae,  especially  those  which  include  the  wooay  plants ;  thus  the 
Pha^ieoleae '  have  been  investigated  by  Debold,  the  Galegeae  •  by  Weyland, 
the  Hedysareae  •  by  Vogelsberger,  and  the  Dalbereieae,  Sophoreae,  and 
Swartzieae  *  by  Kopff.  The  following  description  is  based  chiefly  on  these 
works,  in  addition  to  the  scattered  statements  in  the  literature. 


*  Material  invcfltigated :  tpedet  of  Cemtrpstmui,  Ptriandra,  Clii^na^  C^Ugamia^  Amfkuarp^im, 
/htmasta^  Skm/erts^  CJjyeimi,  Termmnms,  //ardenSeripa,  Kamnfya^  PUUyryamus^  Etytkrimm^  ^m- 
d^lfki^,  Sirmt^Udtn,  AfiM,  Mumm;  fiutea,  Sf^kcMms^  Calcp^gmium,  CjrmSinma,  Grmm, 
Ca/seha,  Campt0S€wm,  CrtOylm^  DiacleM,  CUMmHm^  Fmtrmrim^  Cmmmtm/ia,  Pkyi^sHgtma,  Pluumhts^ 
Vtf^na,  Vmndui^  PatAjrrAiuu,  fH^f^hocmrpm ^  D^iithm,  Cajmmm^  Fagtiim,  Dmmhmnm^  Atj^lmim, 
Cyittta,  Kkjrmk0tut,  ErUstma,  FUmingia. 

'  Sttcdcft  of  Piprmiem^  EysemMardiia^  Atmmrpka,  DaUm^  FHalostemm^  Cymtmsftitt  Imkgtferm, 
J/arf^iyit,  HrwrnimimriiA,  Ptftria,  Barbitria,  CmUgm,  Tepkr^sia^  Mmmdu/m,  MitUUim^  WtUmrim^ 
Kobtnia,  )'»iiim^  Ohufm,  C^rymg/Za,  Dipkytm^  SsMua^  Comrtttia^  Crmtca^  Sfsdmrnis,  Cmrmukmtiim^ 
CitamtMus,  SmiJkerUmmU,  Liitertia^  Stumimsmta,  Spkmirf^yi^,  C^hUtm,  HmlitmMUmdrmt,  Cmrt^gama, 
Catcfkota,  GmUenstmdiim^  Attr^galmi^  Oxytrcpit,  Hiserrula^  Giycyrrkit^ 

'  Si«cic«  of  S<0ffim9us,  HammaiaUhium,  OmitJUfm,  Cortmilla,  Hiffcrtpis,  Eversmofmim, 
Iffiyarum,  Tavermum,  Oncbryckis,  Kkenus,  Alhof^^  Chattotalyx,  Aissolia^  Pifireiia,  Amidm^ 
Pi,  (itta.  ( 'rm^arpmm,  Hermimitrm,  A^sckynamtm,  Soemmtfimji^i^,  Smi/Am,  Ctiss^pis^  DisccisHmm, 
Adismita,  (  k*tp9MmiM^StyUsmmik€s^  Aratkis,  Zcrmia,  (ht^imta^  Desm^dimm^  Mtcefiu^  PsemJartkrim , 
/>. miffira,  I 'ran'a,  Ijmunm^  Aiytuarpms,  Lsptodfsmia.  Eltiotis^  Haiiia^  CroM^sfprns,  and  I^tfedna, 

*  I  I  )albergicac :  specie*  of  iHihtrgia,  U§castofkyUum,  Ma^katrium,  Dnprnm^earfus,  Tipmama^ 
Platyf%\timm,  CmirwUkimm,  Pitrocarpus,  Poicikmikt^  Platymiuium,  Ijomktcarpmi ^  tkrrtt^  l^^mgm- 
mta.  /is.iJia,  Aimgikrm,  Emkretta,  Anthra,  Gtoffroy,  IHpUryx,  Plerodam\  t)  Sopbome:  Ai/- 
Aamsua,  lirgtUia,  CaJpmrmim,  CUdratHs,  AmmMtem^vm,  S^k^,  Ormotia^  Dipiair9fu^  Bswiiekia, 
Myratptrmmm,  MfrwiyUm^  Smtmtis;  (3)  Swrnitzieae  :  ZsZ/rrmia,  A/dtm^,  Smmtfuim, 
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The  epidermis  of  the  leaf  shows  a  series  of  different  features,  which  may  he 
employed  for  specific  diagnosis.  It  is  probably  scarcely  necessary  to  mention 
that  within  this  large  Order  manifold  differences  occur  in  the  chajacter  of  the 
outer  wall  as  regar£  thickness  and  in  the  nature  of  the  lateral  margins  of  the 
epidermal  cells.  With  regard  to  the  latter  it  may,  moreover,  be  mentioned  that 
lateral  walls  with  angular  folds,  similar  to  those  found  in  the  petals  of  many 
plants,  e.g.  Primula  sinensis,  have  been  observed  *  by  Kdpff  in  Euckresta 
Horsfieldii,  Benn.,  and  E.  japonica,  Benth.,  and  by  Vogelsberger  in  some 
Hedysareae  (CoroniUa  emerotdes,  Boiss.  et  Sprun.,  C.  Emerus^  L.,  C.  glauca,  L., 
and  species  of  Hippocrepis  and  Onobrychis),  PapiUose  differentiation  of  the 
epidermis  of  the  leaf  and  gelatinization  of  its  inner  walls  are  widespread 
phenomena. 

Typical  papillose  or  subpapillose  differentiation  of  the  lower  epidermis  of  the 
leaf  has  been  observed  :  (a)  amon^  the  Phaseoleae  (according  to  Debold) :  in  species 
of  Amphicarpaea,  Camptosema,  Chtoria,  Erythrina,  Glycine^  Hardenbergia,  Kennedya, 
Mucuna,  Periandra,  Pueraria,  ShuUria,  and  Stron^hdon  ;  (6)  among  the  Galegeae 
(according  to  Weyland) :  in  many  Astragaleae  and  species  of  Barbieria  and  Brong- 
niartia,  many  Coluteae,  species  oi  Dalea,  Diphysa,  Harpalyce,  Poitea,  and  Rotnnia  ; 
(c)  among  the  Hedysareae  (according  to  Vogelsberger) :  in  species  of  Alysicarims, 
Desmodium,  Discolobium,  Eleiotis,  Geissaspis,  Herminiera,  Leptodesnna,  LespeaeitL^ 
Lourea,  Mecopus,  Ougeinia,  Pseudarthria,  Pycnospora,  Uraria ;  (d)  among  the 
Dalbergieae  (according  to  K5pfi) :  in  species  of  Daibergia,  Derris,  Drepanoc€nrpus, 
Euchresta,  Hecastophyllum,  Lanchocarpus,  Machaerium,  Muellera,  Myrospermum, 
Piscidia,  Pterocarpus,  Pterodon ;  {e)  among  the  Sophoreae  and  Swartzieae  respec- 
tively (according  to  Kdpff) :  in  species  of  Bowdichia,  Calpumia  CladrasHs,  Diplotropis, 
and  Sophara,  Swartzia,  and  Sweetia  ;  (/)  among  the  Loteae :  in  species  of  Lotus, 
according  to  VuiUemin.  Regarding  the  species  concerned  and  the  details  of  differen- 
tiation of  the  papillae,  reference  must  be  made  to  the  original  treatises.  Papillose 
differentiation  of  the  upper  epidermis  is  rare,  b^ng  present,  e.g.,  in  Dalbergia  pubescens. 
Hook,  f.,  according  to  Kdpff,  and  in  Spartium  junceum,  according  to  Reinke. 

Nearly  related  to  the  papillae  and  connected  with  them  by  transitions  are  the 
cuticular  projections  observed  by  Reinke  on  both  sides  of  the  leaf  in  many  Poda- 
lyrieae  (species  of  Brachysema,  Daviesia,  Eutaxia,  Gastrohbium,  GomfhoMnum^ 
Oxylobium,  Pultenaea,  and  Sphaerolobium) ;  they  occur  as  solid  and  rouna  or  conical 
prominences  of  the  middle  part  of  the  strongly  thickened  outer  wall  of  the  epidermal 
cells.  Occasionally  tiiese  structures  are  longer  and  are  then  like  papillae  or  hairs 
(species  of  Aotus,  Charixema,  Dillwynia,  Gastrotobium,  Mirbelia,  OxyMnum^  and 
Sphaerolobium), 

Owing  to  the  large  number  of  species  in  which  a  mucilaginous  epidermis 
has  been  demonstrate,  usually  only  the  genera  concerned  can  be  cited  in 
the  following  list :  (a)  in  the  tribe  Podalyrieae :  Aotus  villosa,  Sm.,  Brackyserma 
lanceolatum,  Meissn.,  Dillwynia  erici folia,  Sm.,  and  Gastrolobium  villosum^  Eienth., 
according  to  my  own  observations  ;  (b)  in  the  tribe  Phaseoleae  :  species  of  A  tylosis, 
Camptosema,  Canavalia,  Clitoria,  Cratylia,  Cymbosema,  Dioclea,  Dolichos,  Eriosema, 
Galactia,  Kennedya,  Periandra,  Phaseolus,  Rhynchosia,  Rudolphia,  Strongylodon  ; 
(c)  in  the  tribe  Galegeae  :  species  of  Amorpha,  Brongniartia,  Dalea,  Dipkysa,  Petu- 
lostemon,  Tephrosia  ;  (d)  in  the  tribe  Genisteae  :  Genista  tinctoria,  L.,  according  to 
Walliczek,  tiovea  tungens,  Benth.,  and  Bossiaea  eriocarpa,  Benth.,  according  to  my 
own  observations  ' ;  (e)  in  the  tribe  Hedysareae  :  species  of  Adesmia,  Aesckynamene, 
A  roc  his,  Chaetocalyx,  Chapmannia,  Discolobium,  beissaspis,  Herminiera,  Nissolis^ 
Ormocarpum,  Pictetia,  Poiretia,  Smithia,  Soemmeringia,  Stylosanthes,  Zomia  ;  (/)  in 
the  tribe  Dalbergieae :  species  of  Andira,  Dalbergia,  Drepanocarpus,  Piscidta, 
Platymiscium,  Plaiypodium,  Poecilanthe,  Pterocarpus ;  (g)  in  the  tribe  Sophoreae : 
species  oi  Ammodenaron,  Bowdichia,  Cladrastis,  Sophora  ;  (A)  in  the  tribe  Swartzieae  : 
species  of  Swartzia  and  Sweetia. 


^  The  syttematic  significance  of  this  feature  for  chancterixing  species  requires  fiirtber  invettiM- 
tion.  Thus  Russell  (loc.  cit.,  1895,  p.  341  and  pi.  xri,  Fig.  10)  also  met  with  this  feature  oouie 
lower  side  of  the  leaf  of  Lotus  comiculatuSt  L.,  but  in  this  case  not  constantly. 

*  In  the  two  species  last  named  the  mud^ginoos  epidermis  of  the  leaf  was  described  by  Reiakc 
(loc.  cit)  as  a  two-layered  epidermis. 


^ 
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Development  of  hypoderm  is  not  very  widely  distributed  in  the  Order. 
The  hypoderm  is  usually  one-layered,  more  rarely  two-layered,  and  is  either  de- 
veloped on  both  sides  of  the  leaf,  or  only  on  the  upper  or  lower  side.  Gelat 
tinization  of  the  hypoderm-cells  has  been  observed  by  Kopflf  in  Dalbergia 
Amerimnum,  Benth.,  D.  Sissoo^  Roxb.,  Pterocarpus  ancylocalyx^  Benth.,  and 
Sophora  Utraptera^  Ait. 

Hypoderm  is  stated  by  Kdpff  and  Debold  to  occur  on  the  upper  side  of  the  leaf 
in  the  following  species :  Andtra  Amaionum,  Mart.  ;  Canavalta  altissima,  Macf.  ; 
Cratylia  floribunda,  Benth.  ;  Dalbergia  Amerimnum,  Benth.,  D.  Sissoo,  Roxb. ; 
Dtplotfopis  brasiJiensis,  Benth.  ;  Hecastophyllum  atiuuonicum^  Radlk.,  H,  Browneif 
Pers.,  //.  ntgrense,  Radlk.  ;  Lonckocarpus  spiciflarus.  Mart.  ;  Mytospermum  fru" 
tescens,  I  acq.  ;  Myroxylan  peruiferum,  L.  f,  ;  Sophora  Utraptera,  Ait.  ;  Zollemia 
faicata,  Nees,  Z.  ilicifoiia,  Vog.,  Z.  splendens,  Nees.  Hypoderm  is  described  by 
Kopfi  as  occurring  on  the  lower  side  of  the  leaf  in :  Andira  spinulosa.  Mart.  ; 
Bowdichia  nitida.  Spruce,  B,  vireilioides,  H.B.K.  var. ;  Geoff roya  sf>inosa,  J  acq.  ; 
Pterocarpus  Hayesit,  Hemsl.,  P.  liohrii,  Vahl ; — by  Kdpff  on  both  sides  of  the  leaf 
in :  Ptetocatpus  ancylocalyx,  Benth.,  and  P.  Rohrii,  Vahl  var. ;  according  to  Reinke, 
a  one-layer^  hypoderm  is  also  found  all  round  the  phyllode-like  leaves  of  species 
of  Daviesia,  e.  g.  D.  incrassata^  Sm.  Lastly,  Kdpff  notes  the  presence  of  tissue, 
rcscmbting  hypoderm,  on  the  lower  side  of  the  leaf  of  species  of  Centrolobium,  Ptero- 
carpus, Swartiia,  and  Sweetia. 

In  connexion  with  the  hypoderm  it  may  be  mentioned  that  the  epidermal 
cells  are  secondarily  divided  by  thin  vertical  walls  in  certain  species  of  some 
genera  (Andira,  CetUrolobium^  DaU}€rgia^  Dipteryx,  Geoffroya^  Hecastophyllum, 
Platypodium,  Poecilantke,  Pierodon), 

The  stomata  do  not  belong  exclusively  to  one  and  the  same  type  (Cru- 
ciferous type),  as  has  hitherto  been  generally  assumed  (see  Strasburger,  loc. 
cit.,  and  De  Bary,  loc.  cit.,  p.  44).  The  type  with  subsidiary  cells  parallel  to 
the  pore  (Rubiaceous  type)  is  also  very  widely  distributed.  The  follo^^ing 
plants  conform  to  the  latter  type :  the  Phaseoleae  investigated  by  Debold ; 
ot  the  Galegeae,  according  to  Weyland,  only  MUUiia  and  PsoraUa  ;  of  the 
Hedysareae,  according  to  Vogelsberger :  Alysicarpus,  Arachis,  CranocarpuSj 
Desmodium,  Discolobium  (?  cf.  loc.  cit.,  pp.  1 1  and  42),  EUiotis,  Geissaspis,  Hallia^ 
Leptodesmia,  Lespedexa,  Lourea,  Mecofus,  Ougeinia,  Pseudarthria^  Pycnospora^ 
Urarid  ;  of  the  Papilionaceae  investigated  by  Kdpff :  the  whole  of  the  Dal- 
l>ergieae  excluding  Euchresta,  Platymiscium,  and  Pterocarpus  Hayesii,  Hemsley, 
all  the  Swartzieae  except  ZoUernia,  and  finally,  of  the  Sophoreae,  only  Bowdichia, 
Dalhousiea,  Diplotropis,  and  Ormosia.  In  the  following  cases,  on  the  other 
hand,  the  stomata  are  surrounded  by  three  or  more  neighbourine  cells  :  in 
the  Galegeae  investigated  by  Weyland,  apart  from  the  genera  MiUetia  and 
PsoraUa  cited  above  ;  in  most  of  the  Hedysareae  examined  by  Vogelsberger, 
but  excluding  Alysicarpus,  &c.  (see  above),  and  according  to  Kopfi,  in  most 
of  the  Sophoreae  with  the  exception  of  Bowdichia^  &c.  (see  above),  as  well  as 
in  Pterocarpus  Hayesii,  Euchresta,  Plafymiscium,  and  ZoUernia,  and  lastly, 
according  to  Strasburger,  in  Scorpiurus,  It  is  probably  unnecessary  to  enter 
further  into  the  fact  that  the  stomata  vary  with  regard  to  their  position  at 
or  h<*low  the  level  of  the  epidermal  cells  (in  the  latter  case  occasionally  in 
connexion  with  the  formation  of  a  deep  chimney-like  depression),  and  that  they 
cither  occur  on  both  sides  of  the  leaf  or  only  on  the  lower  side.  Only  a  few 
othiT  special  features  deserve  notice,  and  will  now  be  mentioned.  In  the 
tairly  large  pinnules  of  Geoffroya  spinosa,  Jacq.,  the  stomata,  curiously  enough, 
<K  cur  only  on  the  upper  side,  no  explanation  of  this  being  possible  at  present. 
On  the  other  hand,  the  restriction  of  the  stomata  to  the  upper  side  in  the 
more  or  less  upwardly  directed  acicular  leaves  of  DiUuynia  encifolia,  PuUenaea 
anstata,  P.  echinula,  Celidium  ciliare,  and  C.  Vogelii,  according  to  Reinke, 
lb  scarcely  surprising.    In  the  phyUodades  of  Carmichaelia  ausiralis,  R.  Br.,  the 
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stomata  lie  parallel  to  one  another  and  at  the  same  time  transverse  to  the 
longitudinal  direction  of  the  ph^odade.  The  stomata  on  the  thorny  branches 
of  Alkagi  (according  to  Schube)  have  the  same  transverse  position,  while  in  the 
branches  of  Viminaria  the  stomata,  which  are  likewise  pandlel  to  one  another, 
have  the  direction  of  the  pore  coincident  with  the  direction  of  elongation  of 
the  branch.  Groups  of  stomata  are  stated  by  Kdpfi  to  occur  on  the  leaves  of 
Euchrcsta  Horsfielaii,  Benn.,  and  £.  japonica^  Benth. 

The  differentiation  of  the  mesophyU,  as  one  would  emect,  is  very  diverse, 
espedallv  in  the  Podalyrieae,  in  which  ericoid  forms  of  leaf,  such  as  rolled 
leaves,  &c.,  occur  (see  Reinke,  loc.  dt).  A  feature  worthy  of  note  is  the 
occurrence  of  a  special  layer,  characteriiied  both  bv  the  shape  of  its  cells  and 
by  their  contents,  in  the  middle  of  the  mesophyll;  this  is  what  is  called  a 
middle  layer  '.  It  is  always  poor  in  chloroph^  and  is  frequently  filled  with 
tanniniferous  contents,  which  are  brown  m  the  dried  leaf.  This  middle 
layer  is  very  wideW  distribute  among  the  Phaseoleae  ;  it  occurs  in  species  of 
Aiylosia^  BtUea^  dahpogonium^  Can^losema^  Cajanus^  CanavaUa^  Lleobtdia^ 
Ciiogania,  Crafylia^  Cyl^ta^  Cymbosema^  Dioclea^  Dolickos^  Dunbaria,  EriosemtL, 
Erymrina^  Fagelia^  FUmingia^  GalacHa^  Glycine^  Hardenberfia^  Kennedya, 
Periandra,  Phaseolus^  Physosiigma^  Pueraria^  Rkynchosia^  RmoMna^  SpoAo- 
lobus,  and  Teramnus.  Among  the  Gale^eae,  Weyland  met  with  the  middle 
layer  in  the  genera  CourseHa,  Cracca^  Halifnodenaran^  Indigofera^  MunduUa, 
knd  Tephrosia ;  among  the  Hedysareae,  Vogelsberger  found  it  in  the  geneiia 
Alysicarpus^  Destnodium^  Eleioiis^  Lepiodesmia^  Lespedexa^  Mecapus^  Oueeinia^ 
Psettdarihria^  and  Pycnospora  ;  and  lastly  Kdpff  found  it  in  speides  of  Derris, 
Lonckocarpusj  MueUera^  and  Pongamia,  On  the  other  hand,  in  the  leaves  of 
Chapmannia  floridana^  Torr.  et  &ray,  and  of  species  of  the  genera  Arackis, 
Cranocarpus^  and  Sfylosanihes^  the  lowest  layer  of  the  spongy  parenchyma 
consists  of  cells  with  wide  lumina  and  brown  contents  (in  the  dried  leaf). 
Another  character  of  the  mesophvU,  which  is  much  less  widely  distributed,  is 
afforded  by  the  occurrence  of  sclerenchyma-fibres  running  free  in  this  tissue. 
The  following  species  show  this  :  Amtnodendron  Karelimi^  Fisch.  et  Mey., 
Andira  Amaxonum^  Mart.,  Bowdichia  nUida^  Spruce,  Ormosia  excelsa^  Spruce, 
O.  palyphylla^  Herb.  Monac  (Spruce,  No.  11Q4),  PkUymiscium  niUns^  Vog., 
Swarizia  apetala,  Raddi,  and  5.  acuminata^  Wilm.  Branched  spicular  cells  are 
mentioned  by  Kdpff  in  Swartxia  Benihamiana^  Bliq.,  and  5.  rosea^  Mart.  Lastly, 
mucilaginous  mesophyll-cells  occur  in  PetalosUmon  candidus^  Blichx.,  P.  gracilis^ 
Nutt.,  and  P.  violaceus^  Blichx. 

The  structure  of  the  veins  of  the  leaf  presents  varied  features.  Apart 
from  the  occurrence  or  absence  of  a  sclerenchymatous  sheath  to  the  vascular 
bundles  of  the  veins  it  is  noteworthy  that  the  smaller  bundles  are  either 
vertically  transcurrent,  reaching  as  far  as  the  upper  and  lower  epidermis  by 
means  of  tissue  which  may  have  thin  walls  or  be  sderenchymatous,  or  they  are 
embedded.  I  omit  more  detailed  accounts  of  the  material  investigated  from 
this  point  of  view,  and  refer  to  the  works  of  Debold,  Weyland,  Vogelsberger, 
and  Kdpff,  cited  below. 

Of  internal  glands,  the  most  widely  distributed  are  tubular,  elongated 
cells  (reaching  *5  mm.  in  length),  which  are  characterized  by  their  wide  lumina 
(Fig.  56),  and  are  described  in  the  Uterature  as  tannin-sacs  *  on  account  of  their 
contents,  which  are  usually  rich  in  tannin  and  are  mostly  brown  in  dried 
material.     Since  these  elements  were  first  investigated  by  Sachs  in  Phaseolus^ 


•  The  colonrlett  centralW  placed  medullary  tusue  in  the  leaf  of  many  Podalyrieae  and  GcniUMe 
(Kcinke)  it  not  identical  with  this  middle  larer. 

*  The  tennt  laticiferons  tubes  ('  Milchiobren  *)  vted  by  Tanbert»  and  canab  (*  Gange*)  naed  by 
Scheock  (Aerenchym,  loc  at)  for  Siskmim  are  noC  correct 
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and  since  Tr6cul  for  the  first  time  pointed  oat  their  frequent  occurrence  in 
the  Order,  their  nature,  contents,  and  distribution  have  repeatedly  formed 
the  subject  of  investigation.  They  are  for  the  most  part  simply  ceUs ;  in 
other  cases  an  origin  by  means  of  fusion  is  certain,  accorcung  to  the  concordant 
investigations  of  Avetta,  Borzi,  Baccarini,  and  Weyland.  According  to  Russell 
the  sacs  (apart  from  those  of  the  secondary  bast)  originate  very  early  at  the 
growing  pomt  of  the  axis,  before  the  wood  and  bast  become  differentiated  They 
occur  in  relation  to  the  vascular  system,  and  in  the  axis  are  found  united 
into  groups  at  the  margin  of  the  pith,  in  the  outer  part  of  the  bast  internal 
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to  the  primary  hard  bast,  or  between  the  primary  bundles  of  hard  bast,  or  in 
the  secondary  bast,  occasionally  also  in  the  pnmary  cortex ;  they  may  be 
followed  from  the  branch  into  the  corresponding  tissues  of  the  veins  of  the  leaf. 
From  the  investigations  described  in  detail  below  it  appears  that  the  contents, 
which  in  the  living  plant  are  under  considerable  pressure,  are  usually  tannini- 
ferous,  but  vary  in  other  respects,  and  are  specially  often  rich  in  proteid-sub- 
stances. 

The  tact  in  qoestion  mostly  have  tanniniferous  contents,  which  in  the  living 
plant  are  coloorkti,  but  become  brown  through  the  action  of  oxidizing  reagents, 
such  as  €au  de  JmniU^  and  likewise  through  the  drying  of  the  plant,  if  sufbdent  time 
is  allowed.  Now  and  then,  however,  the  contents  are  poor  in  tannin  or  destitute  of 
it,  and  resemble  latex  in  the  living  plant  (in  Apios  tuberosa,  Sesbania^  and  Vigna 
iimbra,  according  to  Trieol,  and  in  LMab  vulgaris,  according  to  Haberlandt). 
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Apart  from  tannin,  according  to  Baccarini,  proteid-substances  and  different  kinds 
ot  sugar  are  the  essential  components  of  the  contents  ;  an  accumulation  of  proteid 
is  stated  to  occur  first  in  the  sacs,  and  then  the  tannin  appears,  if  at  alL 
Even  though  Baccarini's  proteid-reactions  are  not  auite  free  from  objection,  still 
the  aggregation-phenomena,  obtained  by  Weyland  by  means  of  coffein-  and  anti- 
pyrin-solution,  indicate,  according  to  Ldw  and  Bokomy,  the  storing  up  of  larse 
quantities  of  albumen.  The  contents  of  the  sacs,  however,  may  also  occasionally 
resemble  Idno.  Debold  has  proved  this  by  macroscopic  investigation  of  the  contents, 
which  exuded  in  considerable  quantity  on  cutting  a  stem  of  Spatholobus,  and 
became  oxidized  so  as  to  form  brown  crusts  ;  the  same  was  done  by  Hdhnel,  who 
proved  that  the  Idno  derived  from  Pterocarpus  Marsupium,  Roxb.  comes  from  the 
secretory  sacs  in  question. 

It  may  be  added  that  the  same  contents  as  are  found  in  the  sacs  are  occasionally 
also  present  in  mesophyll-cells,  which  are  either  of  special  shape  or  scarcely  different 
from  the  remaining  cells.  They  are  particulaiiy  often  found  in  a  middle  layer 
of  the  mesophyll  (see  above).  In  these  cells  the  characteristic  contents  often  only 
appear  inconstantly  ('  transitory '  and  '  definitive '  secretory  sacs  of  Baccarini). 

The  following  review  gives  the  general  outlines  of  the  distribution  of  the  tannin- 
sacs,  &c.,  in  the  ^pilionaceae  ;  it  may  be  mentioned  at  once  that  the  tannin-sacs  do 
not  generally  occur  in  aU,  but  only  in  certain  species  of  the  same  genus. 

(a)  Podalyrieae  and  Genisteae  (little  investigated;  tannin-sacs) :  only  in  the 
'pith '  of  the  phyllode-like  leaves  of  Daviesia  incrassata^  Sm.  (my  own  observation). 
(6)  Trifolieae :  tannin-sacs  in  MelUotus,  but  imperfectly  differentiated  (Baccarini). 
{c)  Loteae :  tannin-cells  in  the  mesophyll  of  Loius  (Volkens,  Vuillemin),  in  the 
branch  (according  to  Tr6cul)  in  AnihyUis  and  Securigera  (pith),  Hosackia  (pith  and 

?riinary  cortex),  Lottis  (between  the  primary  groups  of  hard  bast),  Dorycntum  and 
eiragonolobus  (pith  and  between  the  primary  groups  of  hard  bast),  (d)  Phaseoleae  : 
according  to  Debold,  tannin-sacs  in  the  pith  ana  bast  in  Apios,  Atylosia,  BtUea^ 
Caianus,  Calopogonium^  Camptosema,  Canavalia^  CnUrosema,  Cieobidia,  Ciitaria^ 
Cochlianihus,  Cologania^  CrtUylia^  Cylisia^  Cymbosema^  DiocUa^  Dolichos,  Dunbaria, 
Eriosetna,  Fatelia^  Flemingia,  GaiacHa^  Grona,  Hardsnbergia,  Kennsdya^  Mucuna, 
Ptriandra,  PhaseoluSt  Platycyamus^  Puefana^  Rhynchosia^  ShuUria,  SpcUkolobus, 
Teramnus,  and  Vigna,  only  in  the  bast  in  Amphtcarpaeat  Dumasia,  Erythrina,  and 
Stron^lodon ;  according  to  Trtoil '  tannin-sacs  on  the  inner  side  of  the  piimary 
hard  bast  in  Dolichos,  in  the  pith  and  primary  cortex  in  Doiichos  and  Erytkrina^  in 
the  pith  and  on  the  inner  side  of  the  primaxv  nard  bast  in  Amfhicarpaea,  Doiichos 
{LaSlab),  Fagelia,  Phaseolus,  Ktnnedya,  ana  Rhynchosia,  {e)  ualegeae  :  according 
to  Weyland  (i)  short,  isodiametric  tannin-cells  in  the  middle  layer  of  the  leaf  in 
Indigofera^  Petalostemon^  and  Tephrosta,  in  the  spongy  tissue  in  Corynelia^  Oineya^ 
PoiUa,  Rchinia^  Sabinea,  Wistaria,  and  in  the  palisade-tissue  in  the  form  of  enlarged 
palisade-cells  in  Calophaca,  Caragana,  CorynsUa,  Glycyrrhiza,  Halimodendron^ 
Olneya,  Poitea,  Rohinia,  Tepkrosia,  and  Wistaria;  (2)  tannin-sacs,  accompanying 
the  primary  hard  bast,  in  Amorpha,  EysenhardHa,  Glycyrrhiia,  Indigofera,  LesserHa^ 
MilUtia,  Petalostemon,  and  PsoraUa,  and  in  the  pith  in  Amorfha,  Coryneila,  Coursetia^ 
Dalea,  Glycyrrhiza,  Harpalyce,  Indifofera,  MilUtia,  MunduUa,  Olneya,  Petalostemon^ 
and  Robinia  ;  according  to  Tr6cul  %  tannin-sacs  in  the  primary  cortex  in  DaUa,  on 
the  inner  side  of  the  primary  hard  bast  in  PsoraUa,  in  the  pith  and  primary  cortex  in 
Calophaca  and  DaUa,  in  the  pith  and  on  the  inner  side  01  the  primary  hard  bast  in 
Amorpha,  Eysenhardtia,  Glycyrrhiia,  Robinia,  Sesbania  (Daubentonia)  and  Wistaria. 
(/)  Hedysareae  :  according  to  Vogelsbereer  and  others,  special  idioblasts,  filled  with 
brown  contents,  frequently  present  in  the  mesophyll  (in  Scorpiurus  in  the  whole  of 
the  mesophyll,  in  Alkagi,  CoroniUa,  Ebenus,  Eversmannia,  Hedysarum  *,  Onobrychis, 
Ormocarpum,  Omithopus,  and  Tavemiera  immediately  beneath  the  upper  and  lower 
epidermis) ;  quite  similar  elements  are  not  uncommon  in  the  primary  cortex, 
forming  the  subepidermal  layer  of  cells  (Alhagi  according  to  Schube,  Tavemiera 
aegyptiaca,  Boiss.  according  to  Volkens,  almost  all  the  Euhedysareae  according  to 
Vogelsberger) ;  tannin-sacs  in  the  axis,  according  to  Vogelsberger  in  the  pith  in 
the  Coromlleae,  Euhedysareae,  Aeschynomeneae  (exd.  Chaetocalyx)^  Adesmieae, 


'  Tr^cnl*!  fUtements  are  qaoted  lepAimtely,  becavw  it  doci  not  clearly  appear  from  them,  how 
wide  his  interpretation  of  the  term  '  tannin-tacs  *  was. 

*  To  this  category  also  belong  the  secretory  cells  with  brown  contents,  mentioned  by  Bokomy  in 
Hedyuumm  MmekemU^  Rich. 
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Stylosantheae,  in  Ougeinia,  Desmodium,  Psgudarthria,  Leptodesmia,  and  Lssptdsza^ 
in  the  soft  bast  in  Hammatololnum,  Eversmannia,  Aihngi,  and  the  Desmodieae 
(excl.  Cranocarpus),  between  the  primary  groups  of  bast-fibres  in  Chapmannia^ 
Desmodium,  Dtscolobium,  Ebenus,  Evetsmannia,  Hedysarum^  Leptodesmia^  Ono- 
hrychts,  Omithopus,  and  Tavemieta,  in  the  primary  cortex  in  Hedysarum  and 
Aihaa,  frequently  also  (e.  g.  in  most  of  the  Aeschynomeneac.  some  Stylosantheae, 
Ac.)  accompanying  the  vascular  bundles  of  the  veins,  and  now  and  tnen  (Haiiia) 
also  m  the  neignbourhood  of  the  veins  ;  according  to  Tr^cul  (see  pre%nous  foot-note), 
tannin-sacs  in  the  pith  in  Adesmia,  Arachis,  CoroniUa^  HiMxKtepis^  Nissoiia,  Orni 
tkopus  {Artkroiobium)  and  Zomia^  on  the  inner  side  of  tne  primary  hard  bast  in 
Vraria,  in  the  pith  and  primary  cortex  in  Adesmia,  Scorpiurus,  and  Stylosanthss, 
in  the  pith  ana  between  the  primary  hard  bast  in  Hedysarum,  Onobrychis,  and 
OtnUhopus,  in  the  pith,  between  the  primary  hard  bast  and  on  the  inner  side  of  the 
latter  in  Hedysarum,  Onoinyckis,  and  Omitkopus,  in  the  pith  and  on  the  inner  side 
of  the  primary  hard  bast  in  Desmodium,  (g)  Dalbergieae  :  tannin-sacs,  according 
to  K6p£F,  in  Andira,  Centrolobium,  Dalbergia,  Derris,  Dipteryx,  Drepanocarpus, 
Geoffroya.  Lonckocarpus,  Machaerium,  Mueliera,  Piscidia,  Piafypodium,  Poeciianthe, 
Pongamia,  Pterocarpus,  Tipuana.  {h)  Sophoreae :  tannin-sacs,  according  to 
Kopff.  in  Bowdickia,  Dii>loiropis,  Ormosia  and  Sweetia,  (t)  Swartzieae :  tannin-tacs, 
according  to  KOp£F,  in  Aldina  and  Swartxia. 

A  second  category  of  internal  glands  is  formed  by  secretory  cells  with 
different  (viz.  mucilaginous  or  resinous)  contents,  which  do  not  include  tannin 
and  are  therefore  not  coloured  brown  in  dried  material.  These  cells  have 
been  observed  in  certain  Galcgeae  (MunduUa,  Tephrosia),  Hedysareae  {HaUia), 
Dalbergieae  {Lonckocarpus,  Machaerium,  MuelUra^  Pongamia),  and  Sophoreae 
(Sophora). 

The  secretory  cells  of  the  following  genera  of  Galegeae — Mundulea  (M.  suberosa, 
Brnth. )  and  Tephrosia  (T.  Candida,  DC.,  T.  capensis,  Pers.,  T.  cinerea,  Pers.,  T.  dichroo- 
car  pa,  Steud.,  i.  grandi flora,  Pers.,  T.  nubica.  Bale.,  T.  tinctoria,  Pers.) — have  resinous 
contents  and  occur  in  the  mesophyll,  as  well  as  in  the  tissues  of  the  axis.  In 
Mund%iiea  suberosa  the  resin-celui  contain  a  protoplasmic  network,  in  the  meshes 
ot  which  resin  is  stored  up.  The  secretory  cells  of  the  genus  Hallia  (//.  cdata, 
Thunb..  //.  asofifus,  Thunb.,  H,  cordata,  Thunb.,  H.  flaccida,  Thunb.,  and  H.  imbri- 
cat  J,  Thunb.),  belonging  to  Hedysareae,  hkewise  have  resinous  contents,  are 
situated  just  beneath  the  epidermis  of  the  leaf,  and  are  bounded  on  the  inner  side 
by  narrow  ceUs  resembhng  an  epithelium.  Within  the  genus  Machaerium,  belon^ng 
v'»  the  Dalbeiigieae,  the  secretory  cells  are  only  present  in  one  species,  M,  longifdtum, 
Benth.,  where  the>'  have  a  flask-Uke  form  ana  belong  to  the  epidermis  of  the  leaf; 
they  only  contribute  to  the  formation  of  the  surface  of  the  leaf  as  regards  a  rela- 
tively small  part  of  their  surface ;  their  larger  ventricose  portions  penetrate  into  the 
mesophyll ;  they  also  produce  transparent  dots  m  the  leaf.  Their  contents  are  of 
the  nature  of  gummy  mucilage.  The  same  kind  of  secretory  cells  as  are  found  in 
Machaerium  iamgifoiium  have  been  observed  by  Kdpff  in  the  Sophoreae,  namely  in 
some  of  the  species  of  Sothora  investigated  by  him  (viz.  5.  atopecuroides,  L.,  5. 
angustifolia,  S.  et  Z.,  5.  flavescens.  Ait.,  5.  glauca,  Leschen..  5.  Griffitkii,  Stocks, 
5.  japontca,  L.,  5.  macrocarpa,  Sm.,  5.  pachycarpa,  C.  A.  Mey.,  and  5.  tcnnentosa, 
L.).  Lastly,  secretory  cells  are  stated  to  occur  m  the  pith  of  Lonchocarpus  iati- 
fotius,  H.B.K.,  Muellera  moniliformis,  L.f.  and  Pongamia  glabra.  Vent. 

Secretory  cavities  form  the  third  type  of  internal  secretory  receptacles. 
They  have  been  observed  in  the  tribe  Galegeae  in  all  the  genera,  forming  the 
sub- tribe  P^raleac  (Amorpha^  Apoplanesia,  DaUa^  Evsenkardtia,  Marina^ 
Petalostemon^  and  PsoraUa),  and  in  MUUtia,  in  the  tribe  Hedysareae  in  Amicia^ 
Pciretia,  and  Zornia,  in  the  tribe  Dalbergieae  in  Derris^  DipUryx,  Lonckocarpus, 
MtulUra,  Piscidia,  Pongamia^  and  Pterodon,  and  in  the  tribe  Sophoreae  in 
Myrospermum  and  Myroxylon.  In  most  cases  they  cause  transparent  dots  in 
the  leaf,  and  are  usually  characteristic  of  the  genera  concerned. 

As  to  the  detailed  structure  of  the  secretory  cavities  the  following  additional 
facts  should  be  mentioned  with  regard  to  some  of  the  genera  cited — in  the 
first  place,  those  belonging  to  the  tribe  Galegeae.    The  intercellular  secretory 
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receptacles  of  the  Psoraleae  (except  Psaraka),  according^  to  Wej^and,  occur 
nrindnaUy  in  the  spongy  tissue  dose  below  the  epidermis  of  the  leaf ,  ajid  are 
Donnaed  towards  the  mesophyll  by  a  protective  sheath  of  relb,  which  have 
thick  walls  and  fit  closely  together.  Inside  this  protective  sheath  a  thin- 
walled  epithelium  is  found  in  Pctalosiemon ;  this  indicates  the  schiiogenous 
origin  of  the  secretory  cavities.  The  secretory  receptacles  of  DaUa  and  Eysen^ 
kardUa  show  a  similar  epitheUum  in  the  young  leaf ;  in  these  fdants,  however, 
according  to  Weyland,  the  epithelium  subsequently  becomes  absorbed.  Accord- 
ing to  the  same  author  (and  contrary  to  Hdhnd),  the  secretory  cavities  of  the 
genus  AfHarfka  have  a  similar  origin,  except  that  in  this  case  it  is  not  an  epi- 
thelial layer  but  an  entire  spheri^  mass  of  cdls  that  becomes  absorbed  from 
within  outwards,  until  the  protective  sheath  mentioned  sets  a  limit  to  the 
extension  of  the  gland. 


Fig.  kj.    a,  Tranarerw  Mctioa  tbro«fh  an  tocrumvBl  flaad  of  tlie  leaf  hi  n^rmlm  kirim^  L. 
wctkM  tfercMfli  a  aecreCory  cavitT  in  tbe  primary  cortex  of  LamcktemrpmM  S0rmemmmi,  "^      ' 
b^  tke  papillate  diflercatiatioa  of  the  epuefiam.     c,  PecaBar  secretory  canty  of  L^mc 
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The  genus  PsotaUa  possesses  peculiar  intercellular  secretory  receptacles, 
viz.  intramural  glands.  According  to  De  Bary,  these  arise  by  an  epidermal 
cell,  which  is  arched  towards  the  interior  of  the  leaf,  becoming  divided  by 
walls  placed  at  right  angles  to  the  surface  of  the  epidermis.  'Die  cells  thus 
produced  become  strongly  elongated  in  the  same  direction  and  at  first  iomn 
a  hemisphere  of  cells,  penetrating  into  the  mesophyll,  while  their  lateral  walls 
at  first  remain  firmly  connected  with  one  another.  During  the  dongation  of 
these  cells  resin  appears  in  the  bounding  surfaces  of  the  lateral  walls,  at  first 
as  a  narrow  homogeneous  intramural  layer  at  the  middle  of  the  cdls,  forming 
transverse  rings  around  the  centrally  placed  sland-cells,  but  subsequently 
loosening  the  lateral  surfaces  of  the  gland-ceUs  more  and  more  from  one 
another,  so  that  the  latter  appear  as  if  embedded  in  the  mass  of  secretion. 
Hence,  for  example,  the  mature  gland  (Fig.  57,  i4)  in  a  transverse  section  of 
the  lesLf,  shows  a  space  filled  with  secretion,  which  abuts  on  the  surface  of 
the  leaf,  and  is  traversed  by  a  variable  (often  large)  number  of  narrow  tubular 
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cells*  curved  more  or  less  like  meridians,  and  contributing  to  the  formation  of 
the  surface  of  the  leaf  with  their  small  polygonal  terminal  surfaces.  According 
to  Weyland,  the  gland  is  bounded  towards  the  roesophyll  by  a^irotective  sheath» 
consisting  of  a  layer  of  cells,  which  are  imited  without  interruption,  flattened 
and  provided  with  undulated  lateral  margins,  fitting;  closely  into  one  another 
(for  the  sake  of  greater  firmness).  The  external  walk  of  the  gland-cells,  which 
take  part  in  the  formation  of  the  surface  of  the  leaf,  are  very  considerably 
thickened.  Moreover,  the  glands  are  not  differentiated  in  the  same  manner 
in  all  the  species  of  PsoraUa.  Occasionally  (P.  Onobrychis^  Nutt.)  they  remain 
at  a  lower  stage  of  development,  in  so  far  as  no  complete  separation  of  the 
lateral  walls  of  the  ^land-cells  takes  place.  In  the  mature  gland  the  contents 
of  the  tubular  cells  is  the  same  as  in  the  intercellular  spaces  of  the  gland  ;  but 
at  first  they  contain  clear,  scarcely  granular  protoplasm  and  clear  cdl-sap. 

The  secretory  cavities  of  the  two  Psoralean  genera,  A  papianesia  and  Marina^ 
have  still  to  be  investigated  in  detail ;  the  oresence  of  secretory  cavities  is  only 
deduced  from  the  fact  that  Bentham  and  Hooker  mention  transparently  dotted 
leaves  and  that  they  belong  to  the  Psoraleae.  The  intercellular  secretory  re- 
ceptacles of  the  Galeeeae,  referred  to  above,  do  not,  however,  occur  in  the  leaf 
only,  but  also  in  the  branch.  In  certain  species  of  Dalea^  e.g.  D.  Emaryi,  Gray, 
D,  polyadenia^  Ton*.,  and  D.  spinosa.  Gray,  they  form  lumps  on  the  young 
branches. 

Of  the  remaining  genera  cited  above,  belonging  to  the  tribes  Hedysareae, 
Dalbergieae,  and  Sophoreae,  and  characterized  as  a  whole  by  the  possession  of 
schixogenous  secretory  cavities,  species  of  the  genera  Myrospermum^  Piscidia^ 
Lonckocarpus^  Derris^  and  Pangamia  still  require  special  discussion  ;  in  con- 
nexion with  the  two  genera  last  named,  the  secretory  receptacles  of  the  genus 
SfilUHa^  which  is  placed  in  the  Galegeae  by  Bentham  and  Hooker,  may  also  be 
considered  in  detail.  The  secretory  cavities  of  Myrospermum  fruUscens,  J  acq., 
which  were  wrongly  interpreted  by  Bokomy,  and  which  give  rise  to  traiLsparent 
dots  and  striae  in  the  leaf,  have  peculiar  contents,  coasisting  of  resin-grains, 
between  which  strands  of  proteid-like  substance  are  united  to  form  a  frame- 
work resembUng  cellular  tissue.  According  to  Kdpfi,  the  secretory  cavities 
E resent  in  the  leaf  of  Lanckocarpus  glabrescens.  Benth.  and  Pisddia  Erythrina^ 
.,  as  well  as  in  the  primary  cortex  of  Lonchocarpus  Spruceanus^  Benth. 
(Fig.  57,  fi),  L,  glabresc^ns,  Benth.,  Derris  robusia^  Benth.,  and  D.  scandens^ 
Benth.,  are  rendered  remarkable  by  the  finger-Uke  papillose  differentiation  of 
their  epitheUal  cells.  Still  more  noteworthy,  however,  is  the  occurrence  of 
peculiar  intercellular  secretory  receptacles  (Fig.  57,  C)  in  certain  species  of  the 
genera  Lonchocarpus  and  Derris ;  at  first  sight  they  have  a  strange  appearance, 
but  on  closer  examination  they  can  be  referred  to  the  schixogenous  secretory 
cavities.  In  the  spongy  parenchyma  of  a  series  of  species  of  the  genera 
LonchocMTpus  and  uems  approximately  spherical  spaces  are  to  be  observed  in 
all  or  in  some  of  the  meshes  of  the  veins ;  these  are  filled  with  a  secretion,  and 
are  enclosed  by  a  loose  sheath  of  several  bracket-shaped  cells.  These  cells,  which 
are  curved  Uke  meridians,  broaden  out  and  meet  at  two  poles,  of  which  one  is 
directed  towards  the  upper  side  of  the  leaf  and  touches  the  palisade-tissue, 
while  the  other  is  turned  towards  the  lower  side  of  the  leaf,  and  borders  on  the 
cells  of  the  spongy  parenchyma  or  projects  freely  into  the  lacunae  of  the  latter. 
An  aggregate  of  bracket-cells  of  this  kind,  which  incompletely  encloses  the 
masses  of  secretion,  may  quite  well  be  brought  into  relation  with  schixogenous 
secretory  cavities,  if  one  imagines  the  epitheUum  of  the  latter  as  being  in  the 
first  place  formed  of  tubular  cells,  which  are  curved  like  meridians,  and  united 
at  the  two  poles,  and  if  it  also  be  assumed  that  the  cells  thus  constituted 
are  not  firmly  united  together,  but  that  their  lateral  contiguous  walls  become 
loosened  from  one  another.  The  fact  that  both  lands  of  secretory  elements  are 
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occasionally  to  be  observed  side  by  side  in  the  same  species  throws  further  light 
on  the  genetic  relation  between  the  secretory  masses  enveloped  by  bracket-cells 
and  the  ordinary  schizoeenous  secretory  cavities.    Among  the  spedes  of  the 

Semis  LonckocarpuSf  L.  giabrescens^  Benth.,  L.  praecox^  Mart.,  L.  subglattcescens, 
[art.,  and  L.  violaceus,  H.B.K.,  according  to  KOpfi^  have  the  ordinary  secretory 
cavities  with  non-lacunar  epitheUmn  in  their  leaves,  while  L.  campestris^  Mart.» 
L.  denudatus^  Benth.,  L.  laiifolius,  H.B.K.,  L.  rariflarus^  Mart.,  and  L.  Sprucea- 
nuSf  Benth.,  have  secretory  spaces  enveloped  by  bracket-cells ;  in  the  axis 
(in  the  primary  cortex  alone  or  also  in  the  pith)  ordinary  secretory  cavities  are 
present  in  all  the  above  species  with  the  exception  of  L.  campestris  and  L.  denu- 
dolus,  in  which  Kopff  did  not  observe  any  secretory  organs  in  the  axis.  Con- 
cerning the  species  of  Derris,  investigated  by  KdpfC  it  may  first  be  mentioned 
that  in  D,  negrensis,  Benth.,  D.  sinuaia,  Benth.  and  D.  thyrsiflara^  Benth.  no 
intercellular  secretory  organs  have  been  observed.  The  rest  of  the  investigated 
species  of  Derris  {D.  cuneifolia^  Benth.,  D.  ferruginea,  Benth.,  D.  Htyneana^ 
Benth.  var.  matginata,  Benth.,  D.^polystachya,  Benth.,  D.  robusia^  Benth., 
D,  scandens,  Benth.  and  D,  uliginosa,  Benth.)  have  masses  of  secretion,  enclosed 
by  bracket-cells  in  their  leaves,  while  in  some  cases,  namely  in  D.  cuntifolia, 
D,  ferruginea,  D,  polysiackya,  and  D,  robusta^  ordinary  secretory  cavities  with 
closed  epitheUum  have  also  been  observed  in  the  strengthening  tissue  of  the 
larger  veins  of  the  leaf.  The  latter  cavities  are  usually  also  to  be  found  in  the 
axis  of  the  species  of  Derris  (in  the  primary  cortex  and  in  part  also  in  the  pith). 
Finally  the  same  kind  of  secretory  cavities,  enclosed  by  bracket -cells,  also  occur 
according  to  my  own  observations  in  Pangamia  glabra.  Vent.,  and  according  to 
the  statements  of  Radlkofer  and  Weyland  in  all  investigated  spedes  of  MiUetia 
(M.  auricuUUa,  Bak.,  M.  cinerea,  Benth.,  M.  pachycarpa,  Benth.,  M.  Piscidia,  W. 
et  A.  and  M.  splendens,  W.  et  A.).  In  the  spedes  of  MilUiia  they  are  found  only 
in  the  leaf  at  the  boundary  of  the  palisade  and  spongy  parenchyni^  ;  with  the 
upper  ends  of  the  bracket-cells,  which  meet  at  one  pole,  a  tuf  t-Uke  group  of 
palisade-cells,  evidently  serving  as  collecting-cells,  is  often  connected.  In  the 
axis  of  MUUtia  secretory  masses  enclosed  by  bracket-cells  are  absent ;  inter- 
cellular secretory  organs  in  the  axis  are  only  present  in  MUUtia  auriculaia, 
Benth.,  and  occur  in  the  form  of  schixogenous  resin-canals.  It  may  at  once 
be  added  that  schizogenous  balsam-canaJs  are  only  known  in  one  other  case 
among  the  PapiUonaceae,  viz.  in  Myroxylon  Pereirae,  Klotzsch,  according  to 
Mezger  ;  in  this  plant  they  are  situated  in  the  primary  cortex. 

In  connexion  with  the  description  of  the  secretorv  cells,  secretory  cavities 
and  resin-canals  the  following  points  still  require  a  brief  consideration :  viz. 
the  gum-canals  in  the  wood  of  Herminiera  tlaphroxylon,  Guill.  et  Pen*.,  the 
formation  of  tragacanth  in  the  spedes  of  Astragalus  and  the  occurrence  of 
indigo.  According  to  the  statements  of  most  of  the  authors  who  have  con- 
cerned themselves  with  the  interesting  structure  of  the  wood  of  '  ambatsch,' 
the  gum-canals  of  Herminiera  only  appear  in  the  older  xylem,  bdng  placed 
vertically  in  the  wood  and  horizontally  in  the  medullary  rays.  Accorcung  to 
these  authors,  they  arise  secondarily  in  a  lysigenous  manner  by  gdatinization 
of  groups  of  cdls.  When  the  gum-canals  become  empty,  canals  containing  air 
remain  in  their  place.  Vogelsberger's  observations  are  not  quite  in  agree- 
ment with  the  above  ;  he  was  able  to  observe  the  formation  of  the  gum-dmak 
of  Herminiera  in  branches  collected  by  Schweinfurth  and  belonging  to  the 
Herb.  Monac.  According  to  him  the  gum-canals  are  derived  from  groups  of 
cdls,  the  walls  of  which  are  strongly  swollen,  so  that  only  quite  a  small  lumen 
is  left,  though  remains  of  protoplasm  can  still  be  recognized.  According  to 
Vogelsberger  these  altered  groups  of  cells  do  not  arise  secondarily  in  the 
xylem-mass,  but  the  metamorphosis  conunences  in  the  cambium  and  Uie  meta- 
morphosed groups  only  become  secondarily  endosed  in  the  mass  of  wood. 
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Vogclsbcrgcr's  observation^  however,  does  not  exclude  the  possibility  that 
secondary  gum-canals  may  also  arise  in  the  older  wood  in  the  manner  described 
by  the  other  authors.  The  formation  of  tragacanth  in  the  species  of  Astragalus 
was  first  correctly  interpreted  by  Mohl,  and  was  described  oy  him  in  the  case 
of  numerous  species.  The  metamorphosis  begins  at  the  centre  of  the  pith. 
The  thin  cell-walls  of  this  tissue  become  gradually  thickened  and  swell  up  at  the 
same  time,  while  a  stratification  of  the  membranes  becomes  visible.  Later 
on  the  stratification  disappears  and  the  cell-wall  becomes  converted  into  a 
homogeneous  jelly.  Subsequently  the  cells  of  the  medullary  rays  also  take 
part  in  the  formation  of  gum.  Besides  this  gummose  alteration  of  the  pith» 
Weyland  met  with  dense,  transparent  contents  in  the  cells  of  the  periphery  of 
the  pith,  of  the  primary  cortex,  and  of  the  medullary  rays  in  Astragalus  bracky- 


A,  Tnmmtnm  wctioo  of  tlie  eaf  of  RkymcMatim  m/tsenu^  DC.  with  ttyloidUke  cnrvuk  ia  the 
«.  •,  S«ffface-vie«  of  Uie  rpwirnnw  of  xht  leaf  of  Siyi^mmiktt  frwcmmtnu,  Sw.  c«  Twia  cryiul- 
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calyx,  Fisch.  (Herbarium-material !) ;  these  contents  are  surrounded  by  the 
pnmordial  utricle,  stain  blue  with  watery  iodine-solution,  and  are  consequently 
of  an  amyloid-like  nature.  Finally,  Weyland  was  able  to  demonstrate  the 
presence  of  indigo  microchemically  (decolorization  by  reduction  with  alkaline 
solution  of  grape-sugar  and  blue  coloration  by  oxidation  after  washing  out 
with  water  and  exposure  to  the  air)  in  the  leaves  of  PetalosUmon;  indigo,  as  is 
well  known,  also  occurs  elsewhere  in  the  Order  (Indigofera^  &c.). 

According  to  Borodin  and  other  obser\'ers,  the  mode  of  excretion  of 
oxalate  of  Ibne  *  is  very  characteristic.  Oxalate  of  lime  occurs  almost  ex- 
clusively in   the  form  of  solitary  crystals,  which   have  either  the  ordinary 

*  Occatioiully  cnnUlliiie  elemcnti  are  completely  abaent,  e.(^.  accordini;  to  Weyland  in  tbe 
allied  KCBcn,  CHmmikm^  Smikftiattdim,  Lisurtia,  Smmimsoma,  Spkatr^kff  and  C^hUtm  ;  GuiUtn* 
siMdrim,  AMrttgrnhu  tnd  Oxytrfu, 
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rbombohedral  shape,  or  that  of  small  rods  or  styloids.  Clustered  crystals 
have  only  been  observed  in  quite  isolated  cases  ;  thus  by  MdUer  in  the  cortex 
of  Sophara  japonica^  L.  and  by  Vuillemin  in  the  sepals  of  Laius.  Sphere- 
crystals  of  oxalate  of  lime  have  been  met  with  bv  Vogelsberger  in  only  one 
genus,  namely  in  the  mesophyll  of  Discolobium  hirium^  Benth.  and  Z).  pul- 
chMum^  Benth. ;  small  crystaUine  grains  or  prisms  have  been  found  by  Kdpff 
in  the  mesophyll  of  species  of  the  genera  Datbergia^  Derris^  HecastapkyUmm^ 
VirMia,  and  Swartxia^  and  small  spherical  crystalline  bodies,  consisting  of 
oxalate  of  lime,  by  Weyland  in  the  epidermal  cells  of  Dalea  dcmingensis^  DC 
Other  characteristic  modes  of  excretion  of  oxalate  of  lime,  such  as  raphides  or 
crystal-sand,  are  entirely  wanting  in  the  sub-order. 

As  regards  the  two  forms  of  solitary  crystals,  the  ordinary  rhombohedra 
occur  especially  in  the  tissue  accompanying  the  vascular  bundles  of  the  veins, 
in  the  chambered  fibres  of  the  bast  and  w^xl  and  also  in  the  primary  cortex ; 
they  are  frequently  embedded  in  thickenings  of  the  walls  of  the  cdls  which 
contain  them.  Those  crystals  which  are  rod-shaped  or  resemble  styloids  (see 
Fig.  58,  A)  are  spedally  peculiar  to  the  mesophyll  (palisade-tissue),  but  occa- 
sionaUy  occur  in  the  epidermis  of  the  leaf,  in  Uie  crystal-containing  chambered 
fibres  of  the  bast  and  also  accompan3dng  the  sderenchyma  of  the  veins. 
They  are,  strictly  speaking,  not  sohtary,  but  hemitropic  crystals,  consisting 
of  two  or  more  mdividual  crystals  arranged  with  their  lon^tudinal  axes  in 
approximately  the  same  direction,  and  consequently  in  certam  positions  they 
appear  bent  at  one  or  more  places.  Not  uncommonly,  especially  in  the  palisade- 
tissue,  these  rod-shaped  crystals  are  embedded  at  one  or  at  both  ends  in 
thickenings  of  the  cell-wall  and  are  surrounded  by  a  film  of  cellulose. 

Among  the  Phaseoleae  Debold  describes  ceUs  of  the  palisade-tissue,  occupied 
by  rod-shaped  crystab  as  occurring  in  species  of  Atylosia,  Calopoganium^  Canavaiia^ 
Centrosema,  Cologania,  DiocUa^  Eriosetna,  Erythrina,  Flemingia,  GalacHa,  Glycine^ 
Gfona^  Mucuna,  Packythiius^  Phaseoltis,  Pueraria^  Rhynchosia^  Rudolphia^  SptUka- 
loims,  Strongylodon,  Teramnus,  and  Vigna  ;  Borodin  describes  the  same  in  Ampki- 
carpaea  andCiitaria  ;  Weyland  amon^  the  Galegeae  in  species  of  CourseHa^  DiUa^ 
Diphysa,  Eys^nhardHa,  Harpalyce,  Indtgofera,  MuUtia,  Olneya^  PetalosUmon^  PtUriOt 
PoiUa,  Psoralea,  Robinia,  Tephrosia  ;  Vogelsbereer  amon^  the  Hedysareae  in 
species  of  Aeschynamene,  Arachis,  Chapmannia^  CovoniUa^  Hammaiolobiumt  Her- 
miniera,  Laurea,  and  PicUHa^  and  Borodin  also  in  Desmodium ;  Kdpff  in  species 
of  the  foUowing  genera  of  Dalbergieae, — Dalhergia,  Drepanocarpus,  Geo^aya^  Lamcka- 
carpus,  Machaerium,  Muellera,  Poecilanihe,  and  Pongamia,  of  the  Sopborean  genus 
Sophora,  and  of  the  genera  Swartxia  and  Sweetia  of  the  Swartzieae  ;  nnaUy  Borodin 
has  also  described  Uiem  in  species  of  EtUaxia  (of  the  tribe  Podalyrieae),  Orobus 
(tribe  Vicieae)  and  AntkyUis  (tribe  Loteae). 

The  occurrence  of  solitary  crystals  in  the  epidermis  of  the  leaf  is  not 
rare,  and  is  characteristic  for  the  species  concerned,  and  occasionally  also  for 
genera. 

Among  the  Phaseoleae  investigated  by  Debold  mention  may  first  be  made 
of  the  genus  Canavalia  in  this  respect.  AU  uie  investigated  species  of  this  genus  are 
distinguished  by  the  possession  of  characteristicaUy  arranged  crystal-containing  ceUs 
(Fig.  58,  C).  Hemitropic  crystals,  differentiated  as  small  rods,  occupy  isMated 
pairs  of  cells,  around  which  the  other  epidermal  cells  are  grouped  m  a  radial 
manner.  In  surface-view  the  two  crystal-cells  have  a  polygonal  outline,  and  each 
is  in  contact  with  the  other  by  a  relatively  long  lateral  waJl,  like  the  two  guard- 
cells  of  a  stoma ;  their  lateral  and  inner  walls  are  stronsly  thickened,  the  outer 
waU,  on  the  other  hand,  is  thin,  and  the  lumen  is  fiUed  by  the  crystaL  Similar 
smaU  crystal-cells,  isolated  or  associated  in  groups,  which  vary  in  sixe  but  are  less 
regular  than  in  Canavalia,  also  occur  in  other  genera  of  the  Phaseoleae,  but  in  these 
they  are  only  of  value  in  specific  diagnosis  ;  from  this  point  of  view  the  foUowing 
mdes  should  be  mentioned,  according  to  Debold :  Cisobuiia  Uianiha^  Benth. ; 
Cratylia  floribunda^  Benth.,  C.  moUis^  Mart. ;    DiocUa  hkohr^  Benth.,  D.  fMr«, 
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Benth.,  D.  rffUMm,  Hook.  f. ;  species  of  Ddiekos^  not  individually  named  ;  Erios^ma 
Benihawnanum^  Mart.*  E.  cafanaidss^  Hook,  f.,  E,  l<mg0pfdunculahtm.  Rich. ; 
Erythrina  indicm^  Lam. ;  GalacHa  EilioUiu  Nntt.,  E.  glabella^  Michx.,  E,  MarHu  DC, 
E.  Nessii,  DC. ; — according  to  Borodin  also :  6,  cubSmsis^  H.B.K.  and  G.  tenuifhra^ 
W.  et  A.  ;  Glycifu  cUndestina,  Wendl. ;  Rudolphia  rotea^  Tuss.,  R.  vdubiiis,  WiUd. 
According  to  Weyland,  crystal-ceUs  of  this  kind,  isolated  or  associated  in  groups, 
are  also  present  in  certain  Gale^eae.  Where  the  crystal-ceUs  occur  in  groups  in 
the  epidermis,  they  are  distinguished  from  the  remaming  epidermal  ceUs  by  their 
smaller  size.  In  P$UUosUinon  Weyland  has  shown  developmentaUy  that  these 
groups  are  not  produced  by  secondary  division  of  one  epidermal  cell,  but  are  epidermal 
cells  which  have  been  oversown  by  their  neighbours.  In  form  the  crystals  in 
the  Gale^eae  are  shortly  rod-shaped.  Crystal-ceUs  have  been  observed  by  Weyland 
in  the  epidermis  of  the  leaf  in  the  following  species  :  DaUa  versicolor,  Zucc. ;  MiUsHa 
cinerea,  Benth.,  M.  pachycarpa,  Benth. ;  PeUUosUmon  candidus,  Michx.,  P.  corym" 
bosus,  Michx.,  P.  gracilis,  Nutt.,  P.  violaceus,  Michx.  var. ;  Psoralea  bracUata^ 
I^  var.  ; — hkewise  by  Borodin  in  :  Dal$a  domingensis,  DC,  D.  fruUscens,  Gray ; 
Peialostemon  camsus,  Michx.,  and  P.  phUoides,  Torr.  et  Gray.  Among  the  Heoy- 
sareae  pecuhar  cxystal-cells,  showing  a  characteristic  distribution,  occur,  according 
to  Vogelsberger,  in  the  epidermis  of  the  leaf  in  species  of  the  genus  Siylosanthss 
(Fig.  $8,  B).  These  were  first  observed  by  Borodin,  but  were  interpreted  by  him  in 
an  erroneous  manner.  The  epidermis  on  both  sides  of  the  leaf  m  the  species  of 
Stylosantkss  consists  (a)  of  the  stomatal  apparatus,  including  the  two  to  tour  sub- 
sidiary cells,  which  are  placed  parallel  to  the  pore,  and  (6)  apiart  from  these,  almost 
exclusively  of  extraordinarily  numerous,  flat,  very  small  and  low  cells,  which  are 
polygonal  in  surface-view  and  have  their  inner  walls  strongly  thickened,  whilst  their 
outer  walls  are  thin  and  the  lumen  of  each  is  filled  by  a  short  rod-shaped  crystal. 
These  crystal-cells  in  surface-view  are  grouped  to  form  an  extremely  characteristic 
network,  the  meshes  of  which  are  occupied  by  the  stomata  with  their  subsidiary  ceUs. 
As  a  rule,  there  is  only  one  stoma  in  each  mesh,  occasionally  several ;  in  the  latter 
case  an  ordinary,  relatively  large  epidermal  cell  is  frequently  intercalated  between 
the  subsidiary  cells.  Below  the  crystal-cells  on  the  upper  side  of  the  leaf  (i.  e. 
singly  below  a  group  of  such  cells)  elongated  cells  occur,  which  taper  conically  down- 
ward, and  have  a  mucilaginous  lower  membrane  ;  in  a  similar  manner  hypodermal 
cells  with  large  lumina,  fiUed  with  brown  contents,  are  found  above  the  crystal-cells 
of  the  lower  epidermis.  These  cells  are  thus  present  on  both  sides,  and  are  perhaps 
of  epidermal  origin ;  they  are  placed  so  that  the  portion  adjacent  to  the  crystal- 
cells  Ues  on  the  same  level  as  those  parts  of  the  cells  lormin^  the  stomatal  apparatus, 
which  are  directed  towards  the  interior  of  the  leaf.  Owing  to  this  it  appears  on 
superficial  examination  as  if  the  hypodermal  cells  were  epidermal  cells,  in  the  stron^y 
thickened  outer  membranes  of  which  the  crystab  were  embedded.  Besides  occumng 
in  Siylosamik$s,  similar  smaU  crystal-cells,  situated  in  the  epidermis  of  the  leaf,  are 
found  among  the  Hedysareae  in  Arachis  glabraia,  Benth.,  A.  hypogaea,  L.,  ^4. 
pfostraia,  Benth.,  Cranocarpus  Martii,  Benth.,  and  Chapnustmia  floridana,  Torr.  et 
Gray  ;  in  these  species  they  occur  especially  along  the  course  of  the  veins — in  Chmp- 
mumma  singly,  in  Arachis  mostly  in  pairs,  in  Cranocarpus  in  groups  of  from  2 
to  10.  Lastly,  according  to  Kdpff,  epidermal  cells  occupied  by  rod-like  crystals 
are  hkewise  present  among  the  Daloergieae  in  Drepanocarfus  ferox.  Mart,  and 
Geoffroya  spinosa^  Js^*«  ^^d  in  Sopkora  sptciosa,  Kenth.,  iwarUia  Langsdorffii^ 
Kaddi,  and  5.  FUmmingi,  Raddi. 

Finally,  one  or  two  special  modes  of  occurrence  of  oxalate  of  lime  may 
l>e  mentioned.  The  crystals  occasionally  attain  considerable  dimensions,  e.j;. 
according  to  Weyland,  in  the  tissue  accompanying  the  veins  of  the  leaf  m 
Sabinea  fiorida,  DC.  and  the  two  nearly  allied  genera  Harpalyce  and  Brongni- 
ariia.  Weyland  observed  a  special  arrangement  of  the  crystals  in  the 
cortex  of  DaUa  polyadenia,  Torr.,  and  in  the  leaf  of  Indigofera  Uspedezioides 
H.B.K.  In  the  pericycle  of  DaUa  polyadenia  there  are  groups  of  crystal-cells 
which  are  elongated  in  the  vertical  direction,  and  have  assumed  the  position 
and  apparently  also  the  physiological  function  of  bundles  of  bast-fibres,  which 
are  here  absent.  The  crystal-celb  of  the  mesophyll  of  Indigofera  Uspedexioides 
have  a  similar  mechanical  significance ;  for  here,  below  the  base  of  the  two- 
armed  hairs,  which  are  strongly  incrusted  with  carbonate  of  lime,  palisade-like 
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PlO.  59  Hairy  coverinf  of  the  P&pilkMi«ce«e.  A-c,  OrdinafT  Fapiltonaceo«a  habv.  D,  SiHf4e  Mr  o* 
L^meh^emrfua  mtgrtmsis,  Benth^  wHh  balbou  ■epUte  baae.  B,  BrmndMd  hair  of  Bryikrimm  /m^Ste.  Lam. 
r.  Branched  trichocnea  of  Dipitryx  r0mm,  Sprvoe.  G. ,  AacborUke  ■hany  hair  of  Crmm0e&rfma  MmrHi,  Bcath. : 
q,,  Head  of  the  anchor,  kco  from  above,  h,  Glandiilar  hair  of  the  Phaaeoleae.  j,  Umwriata  giaadaiar  hair  el 
AmgmmU  glmbrm.  Vest.  K-u  Peltate  glandi  of  PUr^cmrpms  rnmeyhmlyx,  Benth.  M.  Section  wemflk  a  prkatc 
riaod  of  CtnirtlMmm  rv^mHmm,  Mart.  ■,  Estrmal  f  land  of  the  Phaaeoleae.  O,  Balbow  hair  '  "^  ~'^-  ^  ~ 
Vida  Fmbm ;  P.  Tk-anarerM  aectkm  throagh  a  tdiMde  with  ita  ftaadalar  area:  a  The  fWuMk of  ' 
•iroafly  onffnifed.— A,  B,  c,  O,  J,  K,  L  and  m  altar  Kdpff;  ■,  ■  after  D^oM;  Q  and  ■ 
K.  ■'i  G| ,  o,  and  o  origliiaL 


hajrof/yahji  r^ 
the  gtaanmaf  aiva 
after  HabcrlaMk; 
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cells  occur ;  these  are  occupied  by  a  prismatic  crystal  traversing  the  whole 
length  of  the  lumen,  and  clearly  serve  as  supports  for  the  two-armed 
hairs. 

The  hairy  covering  (Fig.  59)  consists  of  clothing  and  glandular  hairs. 
The  former  may  be  subdivided  into  simple  trichomes  and  shaggy  hairs, 
according  as  they  consist  of  a  simple  row  of  cells  or  of  several  rows.  In 
almost  dil  cases  the  simple  hairs  appear  to  be  uniseriate,  and  at  the  least 
two<elled  '.  Ordinary  unicellular  hairs,  which  are  widely  distributed  in  both 
the  other  sub-orders  of  the  Leguminosae — the  Caesalpinieae  and  Mimoseae — 
are  absent  in  the  Pa(>ilionaceae.  The  scattered  statements  in  the  literature, 
with  which  I  am  acquainted,  regarding  the  presence  of  trichomes  of  this  kind 
have  proved  to  be  due  to  the  smaU  basal  cells'  having  been  overlooked. 
The  ordinary  simple  hairs  (Fig.  59,  A-C)  are  distinguish^  by  the  fact  that 
they  consist  of  a  row  of  two  or  several  cells,  of  wluch  in  the  first  case  the 
lower  celU  in  the  second  case  all  the  cells  except  the  terminal  one,  are  strikingly 
short,  being  developed  as  basal  cells,  while  the  terminal  cell  alone  is  of  con- 
siderable length ;  this  cell  varies  in  the  structure  of  its  wall  and  the  size 
of  its  lumen,  as  weU  as  in  shape  and  direction.  The  form  of  hair  just  described 
is  very  widely  distributed  in  the  Phaseoleae,  Galegeae,  Hedysareae,  Dalbergieae, 
Swartneae,  and  Sophoreae,  according  to  Debold,  Weyland,  Vojgekberger  and 
Kdpff ;  it  also  occurs  in  the  Podalyrieae  (Anagyris^  Gastrolobium^  Podalyria 
argenUa^  Salisb.),  Genisteac  (Cytisus  and  VUx^  according  to  Schube,  Genista^ 
according  to  Pirotta,  Lupinus^  Rdama)^  Trifolieae  (Trifolium  aipestrCj  L.)  and 
Loteae  (Laius^  according  to  Vuillemin  and  Volkens)  and  Videae  (Vicia  viUosa^ 
Roth).  It  is  out  of  place  here  to  enter  into  further  details  as  to  the  form  and 
structure  of  these  hairs.  Only  one  or  two  prominent  structural  features  found 
in  some  Papilionaceae  require  brief  mention.  According  to  Vogekberger,  in 
certain  species  of  Ebenns  the  end-cell  of  the  trichomes  under  discussion  is 
provided  with  small  tooth-like  papillae  \  which  are  directed  towards  the  apex  of 
the  hair.  According  to  Kopff,  m  some  Dalbergieae,  Sophoreae,  and  Swartneae 
(sDecies  of  the  genera  Andira^  Diplotropis.  Drepanocarpus^  Lonckocat^us^ 
Machaerium^  Pterocarpus  and  Swartzia)  the  basal  cell,  which  lies  in  the  plane 
of  the  epidermis,  is  enlarged  and  its  upper  portion  subdivided  by  a  large  number 

'  I  do  not  regmrd  the  pftpillafe  of  certain  Fodalyrieae,  which  are  dereloiied  like  hain  (see  above) 
at  ci  that  nature,  especially  a«  the  characteristic  nniieriate  hairs  of  the  Papilionaceae  occasionally 
oocv  sifie  by  side  with  them,  e.e.  in  GaUrpUkium  viilctmm,  Benth. 

*  This  is  the  case  with  the  nnlcellnlar  hairs,  suted  by  Petit  to  occur  in  Lufmus^  Amagyris  ftetida 
and  Cftitut  Ijokmrmum^  and  with  the  trichoacs  of  Ketamta  Katiam^  etc.  drawn  by  Koas  as  oni- 
crllalar. 

*  A  similar  stnKtnre  has  been  obterred  by  H.  Schcnck  in  Mtdi(dg9  mrfiorta,  CiiatUkus  pMnittms 
aad  Omtkrychis  mmimtm,  a»d  by  me  in  Tri^^lium  aiptsirt. 
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of  closely  placed  cell-walls,  so  that  this  series  of  cross-walls  often  projects 
convexly  into  the  lumen  of  the  lowermost  basal  cell,  like  a  concentrically 
stratified  cystolith  (Fig.  59,  D  ^).  Lastly,  the  simple  uniseriate  trichomes  d 
Amicia  zygomeris^  DC,  depart  from  the  typical  form  of  the  hair  in  Question  in 
the  fact  that  their  3-5  cells  are  of  approximately  equal  length.  With  these 
may  be  classed  the  dub-shaped,  uniseriate,  articulated  hairs  consisting  of  a  few 
cells  of  equal  length  with  wide  lumina,  observed  by  Kopff  in  Ormosia  discolor. 
Spruce  and  0,  tnacrophylla,  Benth. 

Characteristic  uniseriate  forms  of  hairs  belonging  to  the  Papilionaceae 
also  include  two-armed  hairs,  branched  hairs  and  hooked  hairs  or  bracket- 
hairs.  Two-armed  hairs  have  been  observed  among  the  Phaseoleae  in  spedes 
of  Eryihrina,  among  the  Galegeae  in  Astragalus,  Cyamopsis,  GutUenstaediUj 
Indigofera,  Lessertia,  Sphaerophysa  and  Swainsona  among  tlie  Sophoreae  in 
a  species  of  Dipioiropis  of  the  section  Clathrotropis  (D.  niHda^  Benth.).  They 
possess  either  one  or  two  basal  cells  of  variable  length.  The  end-cell  may  have 
either  thin  or  thick  walls  and  is  of  varied  shape.  The  arms  may  be  either  equal 
or  unequal ;  in  the  latter  case  (which  has  been  observed,  e.  g.  in  sjiecies  of  try- 
ihrina,  A  siragalus,  Indigofera,  and  Swainsona)  transitions  may  occur  to  one-armed 
hairs,  no  arm  "being  developed  on  one  side,  but  only  a  rounded  swelling  (e.g.  in 
Giuldenstaedtia  stenophylla,  Bunge).  In  the  trichomes  with  equal  arms  the 
two  ends  may  be  pointed  or  blunt,  or  only  one  arm  may  be  pointed  and  the 
other  one  Uke  a  flat-iron  (Sphaerophysa  salsula,  DC.,  Swainsona  UsseriuufoUa, 
DC).  It  occasionally  happens  that  one  of  the  arms  forks,  whereby  the 
whole  trichome  comes  to  resemble  a  boot-jack  {Eryl^na  tomeniosOj  R^Br.). 
The  two-armed  hairs  of  the  genera  of  Gal^eae  are  specially  characterised  by  the 
fact  that  the  thick  wall  of  their  end-<:ell  is  almost  without  exception  incrusted 
with  carbonate  of  Ume.  The  carbonate  of  lime  appears  to  be  distributed 
throughout  the  membrane  of  the  terminal  cell,  but  in  spedaUy  large  quantity 
in  the  apices  of  the  latter  and  in  the  wart-  or .  p^-Uke  fhif^c^iy 
which  the  end-cells  of  the  two-armed  hairs  of  the  Galegeae  not  uncommonly 
exhibit.  In  two  cases  (in  Cyamopsis  psoraloides,  DC,  and  Indigofera  lespedt-, 
zioides,  H.B.K.)  Weyland  observed  a  central  body,  of  the  nature  of  a  cystolith 
and  incrusted  with  carbonate  of  lime,  in  the  terminal  cells.  Branched  hairs. 
consisting  of  a  uniseriate  stalk  and  a  branched  terminal  cell,  with  the  branches 
in  two  tiers,  occur  in  Eryihrina  indica.  Lam.  (Fig.  59,  E)  and  E.  velttHna^ 
Willd.,  and  in  these  species  replace  the  two-armed  hairs  found  in  other  species 
of  the  same  genus ;  the  branching  of  the  terminal  cell  often  resembles 
that  of  a  fir-tree.  Closely  connected  with  the  tvpe  of  hair  just  described  are 
the  branched  unicellular  hairs  (Fi^.  59,  F),  already  mentioned  above,  and 
described  by  Kopff  in  species  of  LHpteryx  {D,  odorata,  WtMLA,,  D,  rosea^  Sf^ioe 
and  D.  teiraphylla.  Spruce) ;  his  illustration  (Fig.  6,  plate  i),  which  is  intended 
to  represent  the  branched  hairs  on  the  axis  of  D,  rosea^  does  not,  however, 
entirely  agree  with  what  I  have  found,  the  trichomes  in  this  species  being 
more  like  a  stag's  horn,  with  few  or  many  branches.  The  hooked  nairs  consist 
of  one  or  two,  rarely  more,  short  basal  cells  and  a  larger  terminal  cell  bent  into 
the  form  of  a  hook.  They  have  been  found  in  the  following  eenera  of  Phasedeae: 
Canavalta,  Centrosema,  Cliioria,  Periandra,  and  Phasedus ;  in  the  eenus 
Barhieria  of  the  Galegeae ;  and  among  the  Hedysareae  in  the  genera  J/ysi- 
carpus,  Desmodium,  EUiotis,  Leptodesmia,  Lourea,  Mecopus^  Ougeinia^  Pictetia, 
Pseudarthria,  Pycnospora,  and  Uraria. 

Shaggy  hairs,  filiform  multicellular  structures,  have  been  observed  only 


*  According  to  Haberlandt  (Sitz.-6er.  Wiener  Akad.,  Bd.  ciii,  Abt  i,  18^  p.  518  ct  teq.  aad 
Ber.  deutsch.  bot.  GeielUch.»  1894,  p.  369)  the  trichomes  of  Machatrimm  MmgifiHmm^  Vog.  thu 

constituted  are  h^rdathodes. 
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in  the  Hedysareae,  namdy  in  the  genera  Aesckynometu^  Arackis^  Chapmannu^ 
Cranocarpus^  Discolobium^  Geissaspis^  Herminitra^  Ormacarpmm^  Smiikia^  and 
Stylosanthcs,  The  sha^ggy  hairs  of  Smitkia  are  specially  charactemed,  since 
the  fibrous  cdk,  clothing  the  shaggy  hair,  run  out  into  pointed  tips,  which 

groject  like  papillae.  Lastly,  the  shag^  hairs  of  Cranocarpus  MarUu 
^nth.,  which,  in  correspondence  with  their  shape,  will  be  called  anchor-like 
shaggy  hairs  ('  Ankerzotten,'  Fig.  59,  C),  are  quite  peculiar.  In  these  the 
anchor-like  head,  of  regular  structure  and  invariably  formed  by  nine  rM<^,  is 
inserted  on  the  longer  or  shorter,  multisenate  stalk,  which  either  beounes 
slender  and  only  one  cell  broad  towards  its  upper  end,  or  is  iH^adened  out  in 
a  club-shaped  manner.  Of  the  nine  cells  composing  the  haul,  four,  which  are 
arranged  in  a  square,  form  the  chief  part  of  it,  whilst  their  central  portion  is 
covered  in  above  by  a  fifth  cell.  Between  the  four  cells  of  the  head,  four  others 
are  intercalated ;  they  are  shaped  like  the  flukes  of  an  anchor  and  are 
directed  downwards.  These  latter  cells  have  a  thickened  membrane  where 
they  abut  on  the  other  cells  of  the  head  ;  elsewhere  they  have  thin  walls.  Each 
of  them  is  occupied  by  a  crystal  of  oxalate  of  lune,  adapted  to  the  shape 
of  the  fluke-cell,  and  inserted  in  the  thickened  part  of  the  wall  like  a  tooth  m 
a  jaw. 

Glandular  hairs  are  not  very  widely  distributed  in  the  Order,  but  are  of 
various  forms.  Mention  may  be  made  in  the  first  place  of  small  club-shaped 
external  glands  composed  of  few  cells  and  without  a  distinctly  maiiced  stalk, 
and  of  others  with  a  distinct  stalk  and  a  head  of  few  cells  and  of  varied  shape 
(Fig.  59,  H).  These  are  fairly  widely  distributed  in  the  Phaseoleae  * ;  thev  have 
been  found  to  occur  among  the  Galegeae  in  Barineria^  MiUetia^  MunduUa^  Ulntya^ 
PsoraUa  and  TebkrostA,  among  the  Hedvsareae  in  Alyticarpus^  Desmodium^ 
EUwtis,  HaUia^  Lepiodesmia^  Lourea  and  Ougeinia^  and  among  the  I>albergieae 
in  HecastopkyUum  and  Lonckocarpus,  The  glandular  hairs  of  Pongamia  gSibfa^ 
Vent.  (Fig.  59,  /)  are  of  special  form  ;  here  a  long  cell,  forming  the  head  of  the 
gland,  but  not  distinctly  marked  ofi,  is  borne  on  a  long  stalk,  consisting  of  &-12 
short  cells  arranged  in  a  row.  The  glandular  hairs  of  Ononis  semUa^  FotsIl, 
O.  spinosa^  &c.,  have  a  fairly  long  uniseriate  stalk  and  an  eUipsoid  head,  which 
is  divided  by  horizontal  and  vertical  walls  (Volkens  and  Behrens) ;  the  glands 
of  Ctc€r  arieiinum^  which  have  long  stalks,  are  similar  to  these  (Martinet). 

The  peltate  glands  of  Pttrocarpus  ancyiocalyx^  Benth.  (Fig.  50,  K-L)  are 
essentially  different  from  the  forms  so  far  described  ;  the  shield  of  these  glan<k, 
which  is  inserted  on  a  group  of  epidermal  cdls,  is  two  layors  thick,  and,  when 
seen  in  surface-view,  shows  a  group  of  polygonal  cells  at  its  centre,  bounded 
by  radially  placed  ray-cells.  Similar  peltate  or  spherical  glands  also  occur 
in  the  genera  Brongniartu^  Glycyrrkixa^  narpalycc,  and  PeUria^  belonging  to  the 
Galegeae.  Different  from  these  peltate  glands  are  those  of  Cenirolobium  nXusium^ 
Mart,  and  C.  tamentosum^  Benth.,  in  which  the  shield  shows  pdygonal  cells 
in  surf  ace- view,  and  (this  being  the  most  essential  feature)  encloses  an  inter- 
cellular secretory  space  within  the  wall,  which  is  only  one  cell  thick  (Fig.  59,  Af ). 
In  certain  species  of  Indigo f era  the  spherical  ses^  glandular  beads  possess 
a  similar  intercdlular,  secretory  space.  StiU  another  form  of  gland  (Fig.  59,  N) 
is  very  widely  distributed  among  the  Phaseoleae  in  the  sub-tribe  Cajaneae,  and 
has  been  met  with  by  Debold  in  the  genera  Atylosia^  Cajanus^  CyUsla^  Dunbaria^ 
Ertosrma,  Faedia,  FUmingia^  and  Rkynchosia.  These  glandular  hairs  are 
characterized  by  the  considerable  sixe  of  their  i4>proximatdy  spherical  heads  ; 

'  The  unall  clnb-tlttpcd  fUods  of  Pksstthu  mnUfi/Urms,  Vidm  tipimm  and  spcdct  of  Ftmmka 
do  not  form  aoy  oily  tccicCioo  either  la  their  cell-cootoiU  or  in  their  walU,  and,  regarded  phytio- 
lof^tcally.  are  water-glaads  of  hydathodes;  in  fone  cases  and  under  certain  cooditioot  they  also 
•ecrctr  carbonate  of  lime.    (For  futhcr  deteib  see  HaherlaadL) 
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they  are  inserted  on  the  epidennis  by  means  of  a  few  short  basal  cells»  and  are 
specially  peculiar  in  having  the  secreticm  fcmned  in  abundance  between 
the  cuticle  and  the  cells  of  the  head,  which,  in  the  mature  gland,  are  in  loose 
connexion  with  one  another.  Lastly,  the  bulbous  hairs  (Fig.  50,  O)  are  to  be 
included  amongst  the  glandular  hairs.  They  are  composed  of  a  tew  short  basal 
cells  and  of  a  spheriad  or  ellipsoid,  glandular  group  of  cells ;  the  latter  ter* 
minates  in  a  simple,  tubular,  blunt  hair,  consisting  of  one  or  two  rows  of  cdls. 
The  structures  in  question  have  been  observed  in  species  of  the  genera  Adesmia^ 
Atylosia^  Eriosema^  Fagelia  (Fig.  59,  O),  Ormocarpumi^  and  Rhynchosia. 

The  following  types  of  glands  stiU  require  to  be  mentioned :  the  glandular 
leaf-teeth  of  Myroxylon  pub^cens  which  secrete  mucilage  and  have  an  epidennis 
of  palisade-like  structure  (Reinke),  the  nectar-glands  on  the  stipules  or  stipek  of 
species  of  Vicia^  Dolichos^  Canavalia^  Lablab^  and  Erythrina^  and  on  the  spines  of 
Erytkrina.  The  nectar-glands  of  the  spedes  of  Vicia  form  spots  on  the  lower 
side  of  the  stipules  and  consist  of  a  group  of  numerous  shortly  stalked  glandular 
hairs,  provided  with  a  1-4-ceUed  head  (Fig.  59,  P-^).  In  Erytkrina  crista  gMi^ 
L.  the  nectaries  are  constituted  by  the  metamorphosed  stipels,  which  enclose 
a  flask-shaped  hollow,  the  base  of  which  is  densely  clothea  with  many-ceUed 
glandular  hairs  and  conical  shaggy  hairs  (Morini).  The  spines  of  Erytkrina  are 
emei]gences,  at  the  apex  of  which  a  stoma,  emitting  a  secretion,  occurs  (Ddbroock). 

The  petiole  has  been  investigated  by  PUtt  and  Petit  in  a  large  number  of 
species.  These  researches  have  sumdentiy  shown  that  the  structure  of  the  petiole 
is  only  of  importance  for  the  detailed  anatomical  diagnosis  of  members  of  the 
Family.  In  the  characteristic  region  the  flbrovascular  system  either  forms  an 
arc  or  a  ring  of  isolated  or  fused  bundles.  Either  one  or  two  isolated  bundles 
occasionally  adjoin  the  principal  annular  bundle-system  on  either  side  of  the 
groove  of  the  petiole.  In  many  cases  the  structure  of  the  petiole  shows  a  rdation 
to  the  herbaceous  or  woody  nature  of  the  plant.  Annual  herbs,  such  as 
Trifolium^  have  an  arc  of  isolated  bundles  in  the  characteristic  region ; 
herbaceous  perennials  of  higher  growth,  e.  g.  Galega  officinalis^  or  annual  twining 
plants,  Uke  Fkaseolus^  have  a  ring  of  isolated  bundles  ;  shrubs,  such  as  Amorpka 
fruticosa  and  Glycyrrhiza  glabra,  have  a  ring,  which  is  divided  into  three  large 
segments  ;  trees  (Rohinia,  Toluifera)  or  twining  woody  plants  (Glycine  sinensis) 
have  a  ring  of  fused  or  very  closely  approximate  vascular  bundles.  Differences 
in  the  fibrovascular  system  also  occur  in  the  initial  region,  i.e.  in  the  transverse 
section  through  the  lowest  part  of  the  petiole.  FrequenUy  three,  but  occasionaUy 
even  five,  vascular  bundles  pass  into  the  petiole,  or  a  ring  of  bundles  is  already 
present  in  the  initial  region.  Without  going  further  into  the  detaib  indicated, 
with  regard  to  which  Petit's  work  in  particular  should  be  referred  to,  it  may 
still  be  remarked  that  medullary  bundles  have  not  been  met  with  in  the  petiofe 
in  any  species  ;  it  may  be  added,  however,  that,  according  to  C  de  CandoUe, 
medullary  bundles  have  been  observed  in  the  midrib  and  rachis  of  the  leaf  in 
Swariiia  tomeniosa. 

3.  Structure  of  the  Axis.  In  addition  to  the  older  researches  of  Sanio, 
Mdller,  and  Solereder,  the  general  structure  of  the  wood  (i.e.  in  the  woody 
species)  has  been  especially  investigated  by  Saupe  with  reference  to  the  Family 
as  a  whole,  and  by  Debold,  Weyland,  Vogelsberger,  and  Kdpf!  *  with  regard  to 
the  tribes  investigated  by  them. 

The  vessels  possess  a  uniform  structure  in  so  far  as  the  perforations 
are  simple  throughout.  In  spite  of  the  large  number  of  the  genera  and  spedes 
investigated,  a  scalariform  perforation  has  not  been  seen  in  a  single  case. 
The  size  of  the  lumina  of  the  vessels  is  very  varied.     It  attains  a  diameter  of 


*  The  latter  aathon  Iutc  investigated  at  least  one  species  of  each  of  the  geoera  enoncrated  above 
(P*  >55)  vi^  regard  to  the  strvctue  of  the  axis  (nature  of  wood  and  cortex). 
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•6  mm.  in  the  Uanes,  e.g.  spedes  of  Eniada^  while  in  Podalyria  the  diameter  on 
an  average  only  amounts  to  •03  mm.  The  arrangement  of  the  vessels  varies  in 
like  manner  :  isolated  vessels  occur,  for  example,  in  Atnorpha^  groups  of  vessels 
in  Carmickaelia.  radial  rows  of  vessels  in  certain  Podalyrieae  and  Sophoreae. 
The  vessel-walU  where  it  is  in  contact  with  ray-  or  wood-parenchyma,  is  usually 
provided  with  bordered  pits ;  in  many  cases,  however,  the  inner  sUt  is  indistinct 
and  the  pits  may  probably  then  be  described  as  simple.  Simple  pits  are  found  on 
these  parts  of  the  vessel- wall  in  Robinia  Pseudacacia^  L.,  large  simple  pits  in 
Brya  tbenus,  DC.  (Saupe).  In  many  members  of  the  sub-order  the  bordered  pits 
of  the  walls  of  the  vessels  exhibit  the  sieve-pit-Uke  structure  discovered  by 
Jdnsson ;  as  examples  of  this  Jdnsson  and  Hdden  enumerate  species  of  Amorpka^ 
AfUhyllis^  Apios^  Astragalus^  Baptisia^  Caragana^  Clianikus^  ColuUa^  CaroniUa^ 
Cyclopia^  Cytisus^  Dalbergia^  Desmodium^  Erythrina^  GaUga,  Genista^  Gtycyrrhiza^ 
Hedysarum^  Laihyrus,  Lespedeza^  Lotus^  Lupinus^  Media^o^  MelUoius^  Onobry- 
cAfs,  Ononis.  Oroous.  Pisum.  Psoralea.  Robinia^  Sophota^  Suiktrlandia^  Swarixia^ 
and  Tkcrmopsis,  Spiral  thickening  occurs  almost  solely  in  the  vessels  of 
narrower  lumen  and  in  the  tracheides,  which  are  fairly  widely  distributed  in 
the  Family.  Such  spirally  thickened  tracheides  or  vessels  of  narrow  lumen  have 
been  found  by  the  different  observers  in  species  of  Adenocarpus^  Ammodendran^ 
AnlhyUis^  Calycotome^  Carmichaelia.  Caragana^  Cladrastis.  Colutea^  CoroniUa^ 
Cyclopia^  CyHsus  (ind.  Sarothamnus)^  Dorycnium^  Edwardsia.  Genisia^  UalimO' 
dendrtm^  Lotus,  Podalyria,  Robinia,  Sopkara,  Spartium,  SweeHa,  Ulex,  and 
Wistaria,  The  occurrence  of  spirally  thickened  trachddes  ('  trachddes  doli- 
formes ')  in  the  secondary  medullary  rays  of  Cytisus  Ardoini,  Foum.,  and 
C.  Sauxeanus,  Bum.  et  Briqu.,  deserves  special  notice  (Briquet). 

The  medullary  rays  are  usually  narrow,  1-3-seriate.  Broad  rays,  how* 
ever,  also  occur ;  thus  Saupe,  for  example,  describes  medullary  rays  30  cells 
in  breadth  in  Sarotkamnus  scofarius,  20  cells  in  breadth  in  5.  vulgaris,  rays 
which  are  8  cells  broad  in  Ononis  fruiicosa,  as  much  as  6  cells  broad  in  Anthyllis 
barba  Jovis,  8  cells  in  Carmichaelia,  and  so  on.  The  narrow  medullary 
rays  are  occasionally  broadened  outwards  in  the  form  of  a  wedge.  The 
medullary  ravs  of  some  Genisteae  (Adenocarfus,  Calycoiome,  Cytisus,  Genista, 
Spartium,  UUx)  show  peculiar  knot-Uke  swellings  in  the  ndghbourhood  of  the 
wood-parenchyma.  I  will  return  later  to  the  tier-Uke  arrangement  of  the 
medullary  rays  in  some  species.  According  to  Saupe,  the  appearance  of  the 
medullary  ravs  in  a  tangential  section  may  be  made  use  of  for  the  purposes  of 
spedal  classification.  In  one  category  the  medullary  rays  consist  dther  of  high 
or  of  low  cells,  which  are,  however,  uniform  in  dther  case  (to  be  included  here 
are  Loteae  with  high  cells  :  Anthyllis,  Dorycnium,  Lotus  ;  Galegeae  with  small 
rounded  cells  :  Robinia^  Sabinea.  Wistaria ;  with  high  cells :  Carmichaelia 
Clianthus,  Colutea,  Caragana,  Halimodendron  ;  Phaseoleae  with  large  cells : 
Dolichos,  Erythrina,  Hardenbergia,  Rhynchosia  ;  Dalbergieae  :  Drepanocartus^ 
Hecastophyllum,  Platymiscium,  Pterocarfus ;  Sophoreae :  Ammodendron^ 
Cladrastis,  Sophora).  In  the  second  case,  distinguished  by  Saupe,  the  medullary 
rays  are  composed  of  two  kinds  of  cdls,  both  of  the  high  and  low  form  (to  be 
classed  here  are  Podalyrieae :  Brachysema,  Jacksonia,  Oxylobium,  Podalyria, 
Viminaria ;  Genisteae :  Adenocarpus,  Argyrolobium,  Calycoiome,  Crotalaria, 
Cytisus,  Genista.  Goodia,  Hovea,  Spartium,  and  UUx ;  Galegeae  :  Amorpha, 
Indigojera,  PsoraUa  ;  Hedysareae :  Arlhrocarpum,  Brya,  CoronMa,  Desmodium, 
Lespeaeza  ;  Sophoreae  :    Virgilia), 

In  most  cases  the  wood-prosenchyma  forms  the  groundwork  of  the 
wood  and  is  characterized  by  its  simple  pits  \    Xylem,  in  which  the  whole 

'  Kven  in  Im^arfui  {Boc^a  ^rtvtuensis,  Aubl.)  aod  PterMorftts  according  to  Stiasbiir];cr 
'Joe.  dtO  and  omtrary  to  a  fUtcment  of  Hohnel**  (SiU.-Ber.  Wiener  Akad.,  1S84,  loc  cit ;  with 
fcfc react  to  this  point. 
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prosenchymatous  groundwork  of  the  wood  is  provided  with  bordered  pits, 
and  is  thus  differentiated  Uke  tracheides,  does  not  occur  in  any  of  the 
Papilionaceae,  nor  indeed  in  any  of  the  Leguminosae.  Differences  occur 
with  regard  to  the  thickness  of  the  wall  and  the  size  of  the  lumen.  Very 
frequenUy  the  walls  of  the  posenchymatous  elements  are  characterized  by  tfaie 
possession  of  an  inner  gelatinous  membrane.  Saupe  met  with  gelatinous  cross* 
bars,  which  traverse  the  lumina  of  the  prosenchymatous  elements  in  species  of 
CliatUhus^  Lespedeza^  Psoralea  and  Sabinca,  Starch-containing  [M'osenchyma- 
cells  are,  according  to  Saupe,  present  in  Sabinca^  Rohinia  and  Saphora^  septate 

Crosenchyma-cells  in  species  of  Sabinca  and  Sophora.  Lastly,  reference  may 
e  made  to  the  pecuUar  '  corroded '  nature  of  the  walls  of  the  prosenchyma* 
cells  in  Swartxia  Martii^  Eichl.  and  5.  catdiosperma^  Spruce  (see  Kdoff),  a  pecu- 
liarity which  has  also  been  repeatedly  observed  in  species  of  other  Orders. 

The  wood-parenchyma  is  often  abundantly  developed ;  it  frequently 
forms  tangential  bands,  which  enclose  the  vessels.  As  an  example,  we  may 
mention  the  red  sandal-wood.  In  many  cases  chambered  parenchyma  contain- 
ing crystals  is  also  developed. 

To  complete  our  account  of  the  structure  of  the  wood  the  following 
series  of  features  may  be  referred  to :  the  peculiar  appearance  of  the  trans- 
verse section  of  the  wood,  observed  in  certain  Genisteae  and  also  in  genera  of 
other  tribes,  the  tier-Uke  construction  of  some  PapiUonaceous  woods,  the  struc- 
ture of  the  wood  of  some  PapiUonaceous  Uanes,  the  structure  of  the  light, 
spongy  wood  of  Herminiera  and  some  other  genera,  and  lastly,  the  coloured 
woods  occurring  in  the  Sub-order. 

Saupe  has  described  a  peculiar  appearance  in  the  transverse  section  of  the  wood 
of  some  Genisteae  {Adenocarpus,  CcUycotome,  Cytisus^  Genista^  Spartium^  UUx) : 
starting  from  the  rinf  of  spring-wood,  which  is  rich  in  vessels,  bands,  made  up  of 
narrow  vessek,  spiral  tracheides  and  wood-parenchyma,  traverse  the  remaining 
portion  of  the  secondary  wood  in  an  oblique  oirection,  so  that  the  entire  transverse 
section  presents  a  net-like  pattern ;  he  also  met  with  similar  features  in  Ononis, 
in  A  nihyllis,  Dorycnium,  ana  Lotus,  in  Caragana,  and  Haiimodendran,  in  CcroniilA^ 
and  Edwardsia. 

The  tier-like  construction  of  the  wood,  which,  however,  also  occurs  in  other 
Orders,  has  been  observed  by  Hdhnel  in  a  relatively  small  number  of  species  {Andirm 
arUheimirUhica,  Benth.,  Bocoa  provacensis,  Aubl.,  species  of  Dalbergia  pro  parte, 
DipUryx  adorata,  Willd.,  Myrocar^us  sp.,  and  species  of  Pierocarpus),  to  which 
Saupe  adds  A  rthrocarpum^  HecastopHyilum,  and  Plafymiscium.  The  tier-like  structure 
of  tne  wood  is  chiefly  due  to  the  fact  that  the  medullary  rays  are  of  equal  height 
and  are  arranged  in  a  tier-like  manner.  This  peculiar  arrangement  can  occasionwy 
even  be  recognized  by  the  naked  eye,  e.g.  m  a  very  well  marked  manner  in  red 
sandal-wood,  a  tangentially  split  surface  of  which  appears  striated  by  delicate 
horizontal  lines.  In  certain  woods  the  tier-like  structure  extends  to  the  tracheides 
and  libriform  ;  in  this  case  it  can  be  recognized  in  longitudinal  sections,  especially 
by  the  fact  that  special  areas  (Tupfelf elder),  rich  in  pits,  occur  near  the  ends  of  and 
at  an  equal  height  on  the  walls  of  the  cells  concernea,  thus  forming  continuous  tiers. 
The  tier-like  structure  is  naturally  only  present  in  relatively  thick  pieces  of  the 
axis.  From  a  systematic  point  of  view  one  gathers  from  Hdhnel's  statements  that, 
although  this  feature  is  so  characteristic,  it  could  not  always  be  demonstrated  in  the 
same  species. 

>Vith  regard  to  the  above-mentioned  structure  of  the  wood  in  some  Papiliooa- 
ceous  lianes,  namely  in  Macuna  sp.  and  Diociea  sp.  according  to  H.  Schenck,  in 
Pueraha  Thunbergiana^  Benth.  according  to  Avetta,  and  in  Phaseoius  CaracaiU,  L. 
according  to  Borzi,  it  may  be  mentioned  that  the  wood-parenchyma  is  thin- 
walled  and  unlignified,  especially  in  the  later-formed  secondary  wood.  In  the  lianes 
of  the  Papilionaceae,  as  in  those  of  other  Orders,  axial  wood  of  denser  structure 
occurs  in  the  neighbourhood  of  the  pith. 

The  light  woods  also  deserve  special  mention ;  they  form  the  floating  apparatus 
of  stems  which  vegetate  on  the  surface  of  the  water,  and  occur  m  some 
species  belonging  to  the  genera  A^chymmune,  Erythrina,  Geissaspis,  Hnfmmsrm, 
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and  So^mm^rinpm  (ci.  Fie.  60).  The  structure  of  Hermimsrm  ElmphroMyhn^  GuilL 
et  Ptrr.  {Asdsmons  mirmbuis^  Kotachy)  is  best  known  and  will  therefore  bie  described 
first.  The  wood  of  this  plant  has  no  annual  rings.  Its  groundwork  is  formed  by 
cells  with  wide  lumina  and  thin  walls,  showing  an  arrangement  in  radial  rows  in 
transverse  section,  and  tier-like  arrangement  in  longitudinal  section,  and  having  the 
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FlO.  fto.  Wood  of  A0sekym0tmtm0,  tp.  A,  TraMvrne  acction  throvfli  the  wood  i  ■.  Part  of  a  ttwamtrm 
•rclMMi.  tliuwiaf  tW  imRiaol  Mirlaccs  of  the  trantrrrarly  cat  fibrxMU  crib,  wkirh  liave  wide  laauMi :  C,  Radial 
loofitadwaJ  Mctioot  D.  TaafrntiaJ  aection  (cooipare  Uie  dncrip(k»  vt  the  aaalofow  atrmctarr  of  tbc  wood  of 
Htrmtmitrm  m  iJm  t«Bt).— Onfiaal. 

form  of  hexagonal  prisms  with  their  end-surfaces  inclined  at  about  45^  to  the 
radial  plane.  The  end-walls  have  a  sieve-like  structure,  being  traversed  by  numerous 
pores  ;  on  the  longitudinal  walls  of  the  cells  either  no  pits  or  only  a  few  are  found, 
the  contents  of  the  cells,  so  far  as  examined,  consist  of  air  *.  This  loose  xylem-tissue  is 


*  Mollcr^fl  itatgmcnt  ngAiding  Aeschyn^ment  msferm,  Willd.  U  not  quite  in  agreement  with  this. 
Aooordiag  to  him  delicate  tpikcd  cryitalt  (*feisie  tpieHigc  Kryttalle*),  which  he  figures,  oocar 


itt  the  prismatic  ctUs  c^  tli^  plaat. 
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traversed  by  tangential  bands  of  wood-fibres,  which  have  thicker  walls  and  tiie  usual 
small  cross-section*  and  enclose  a  angle  vessel  or  a  small  group.  At  the  boondariea 
of  these  transverse  bands  transitional  forms  between  the  prismatic  and  fibconi 
cells  occur,  and  also  crystal-containing  chambered  fibres,  wluch  were  erfoneomly 
interpreted  by  £.  Hallier.  The  medullary  rays  are  generally  narrow*  and  i-  or 
2-senate  ;  their  cells  are  dongated  in  the  radial  direction,  and  bear  extraordinarily 
abundant  pits  on  the  walls  with  which  the  successive  cells  of  a  radial  row  toucn 
one  another.  In  older  pieces  of  the  wood  of  Herminiera  ElaphroxyUm^  besides  the 
narrow  medullary  rays,  brcMuler  rays  occur ;  the  latter  include  a  vascular  strand 
which  consists  of  spual  vessels,  sheathed  by  pitted  vessels  with  wider  lumina,  and 
runs  for  a  variable  distance  towards  the  pith.  Klebahn  has  proved  that  these 
vascular  elements  in  the  broad  medullary  rays  correspond  to  the  vascular  part  of 
the  rudiment  of  a  root,  which  is  formed  in  the  cortex  of  Herminura,  between  each 
of  the  broad  medullary  ra3rs  and  a  lenticel  corresponding  to  the  latter  on  the  surface 
of  the  stem.  According  to  Vogelsberser,  the  cnaracteristic  structure  of  the  wood 
of  Herminura  ElaphroxyUm  is  scarcely  evident  in  youns  branches  (hertMkrium- 
material),  because  the  prismatic  cells  only  occur  in  subordinate  amount  in  them. 
According  to  BIdller,  Eryikrina  crista  gallic  L.  exhibits  the  same  structure  in  the 
wood  as  Herminiera  ;  except  that  here  the  vessds  he  in  a  ground-tissue,  formed  of 
prismatic  cells,  and  not  in  bands  of  wood-fibres.  Among  the  species  of  Aeuky- 
namene,  whidi,  however,  do  not  all  have  the  wood-structure  of  the  ambatacn- 
plant,  some  agree  with  Herminiera  as  regards  the  arrangement  of  the  vessels,  others 
with  Erythrina.  According  to  Ha^er,  BIdller,  and  Vogelwber]^,  the  following  spedes 
show  the  structure  under  discussion :  Aesckynomene  aeasncana^  L.,  A.  asperop  L., 
A.  brasUiana,  DC.,  A.  falcata,  DC.,  A.  hispida.  ^illd.,  A.  hispidula,  H.  B.  K.,  and 
A.  indica,  L..  likewise  A.  Seilawi,  Vog.,  and  A.  sulcata^  H.  B.  K.,  ahhongh  less 
typically,  but  not  A .  dimidiata,  WelW. ;  according  to  Vojrelsberffer,  Geissaspis  cnsiaia, 
W.  et  A.,  G.  tenella,  Benth.,  and  Soemmeringia  semperflarens^  Mart.  *  also  show  it. 

Lastly,  with  resard  to  the  coloured  woods  (species  of  Baphia,  Pterocatpus^  ftc), 
we  may  add  that  the  colouring  matter  chiefly  impregnates  the  walls  of  the  woody 
tissue. 

The  structure  of  the  cortex  is  well  known  through  the  researches  of  MoUer, 
Debold,  Weyland,  Vogelsberger  and  Kdpff.  The  development  of  the  cork 
varies ;  it  has  been  investigated  by  Sanio,  J.  £.  Weiss  and  Douliot,  as  well  as 
by  the  authors  mentioned  above.  The  cork  arises  either  in  the  epidermis,  or 
subepidermally,  or  in  one  of  the  superficial  cell-layers  of  the  primary  cortex, 
or  in  the  middle  of  it,  or  in  the  innermost  layer  of  the  primary  cortex,  or  in 
some  cases  on  the  inner  side  of  the  primary  groups  of  hard  bast.  It  is  noteworthy 
that  occasionally  in  one  and  the  same  spedes  the  [dace  of  origin  of  the  cork 
may  vary  between  the  second  and  the  sixth  cell-layer  of  the  primary  cortex,  an 
irregularity  which  hitherto  has  not  been  found  to  be  so  marked  in  any  other 
Order.  According  to  Moller  the  cork-cells  mostly  have  thin  walls,  while 
moderately  flattened  in  form  {Caragana^  ColnUa^  Kobinia^  Sopkora)^  or  have 
uniformly  thickened  walls  {Amorp^,  Andira),  or  walls  sclerosed  on  one  side 
(Geoffroya^  Virgilia),  or  transitions  from  this  latter  type  to  a  sclerosed  condition 
on  all  sides  {Cytisus),  In  a  species  of  Adesmia  descnbed  by  Giissfeld  (Retse  in 
den  Anden  von  Chile  und  Argentinien)  as  *  flammende  Wachs-Papilionacee  * 
but  not  further  designated,  the  cork-cells  are  filled  with  a  resinous  substance 
(Volkens). 

The  following  genera  have  epidermal  development  of  cork :  amoncst  the 
Galeffeae  Coursetia,  Indigofera  pro  parte,  Mundutea  and  Robinia^  according  to 
Weyland  ;  among  the  Hedysareae  Pseudarthria^  Pycnospora  and  Uraria^  aomti- 
ing  to  Vogelsberger ;  among  the  Sophoreae  Myroxyion  and  Virgilia^  and  among 
the  Genisteae  Sarathamnus  and  Uiex,  according  to  Douliot.  The  cork  arises  subepi- 
dermally or  in  the  second  to  sixth  cell-layer,  sometimes  at  a  variable  depth  in  tne 

*  The  walls  of  the  cells  in  the  li^ht  woods  in  qnestioo  ooly  give  slight  wood-rcACtioos  (with 
phloroglncin  and  hTdrochloric  add,  as  also  with  amlioe  salu).  The  walls  consist  of  lignocellolotc 
[for  deutls  regarding  this  fee  Hancock  and  Dahl,  Lignocelloloie,  Uer.  d.  dentsch.  chem.  Getellsch., 
ad.  uriii,  p.  1 3). 
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«ame  species;  among  the  Phaseoleae  in  Calopogonium^  Canavalim^  Cenirostma^ 
Craiyiim^  Pkasfoius^  Pusraria  ;  among  the  Galegeae  in  Anu^rpha,  Calopkaca^  DaUa. 
Dtphysa^  EysenkardHa^  Jndigofera  pro  parte,  RMnia^  Sabitua ;  among  the  Hedy- 
sareae  in  A$sckyfumun$^  CaraniUa^  Cranocarfius^  Desmadium^  Geisstupis^  Haiita^ 
Herminitfo^  Lspiodssmia,  LesPfd^xa^  Nissoiim,  Onobrychis^  Ormocarpum^  Oumnia^ 
PicUtia,  Smitkta,  Soemmmngia^  Stylosanihes ;  among  the  Dalbergieae  in  C#ii/ro- 
iabium^  Dmlb^gia^  Gsoffraya  and  Pisrocarpus ;  among  the  Genisteae  in  Cytisus ; 
among  the  Sophoreae  m  Saphara  and  of  the  Swartxieae  in  Calyamdra.  The  cork 
arises  in  the  middle  of  the  primary  cortex  :  among  the  Phaseoleae  in  Aiyiosia^ 
Camptosema^  CUabulia,  CiiUma,  Cotogania,  Cyiista,  Ibriosema,  Erythrina^  GalacHa^ 
Rhynckosia,  Rudolphia  ;  among  the  Galegeae  in  Jndigofera  denudata^  Thunb.  and 
PsoraUa ;  and  among  the  Sophoreae  in  Dalhausiea,  The  cork  is  formed  in  the  inner- 
most layer  of  cells  of  the  primary  cortical  parenchyma  in  species  ol  Cicer^  Diocha. 
Galega,  Glycine,  Lotus,  ana  Trifciium.  In  species  of  HiptiKfepis,  Lathyrus,  Medi- 
cago,  Onobrychis,  Ononis  and  Orolms,  Douliot  has  found  tne  place  of  origin  of  the 
cork  to  vary,  lying  either  in  the  endodermis  or  in  a  cell-layer  in  the  middle  of  the 
primary  cortex.  Lastly,  pericyclic  cork  is  developed  on  the  inner  side  of  the 
pnmary  groups  of  hast-nbres  in  Adesmia,  ColuUa,  Cytisus,  Halimodsndran^  Spkasro- 
physa  and  Soja  \ 

Formation  of  aerenchyma  in  place  of  the  cork  has  only  been  observed  in 
a  few  cases  {Sed>ania  marginata^  Bienth.  and  Lotus  uliginosus^  Schk.,  according 
to  Schenck ;  Sesbania  acuUaia,  Pers.,  according  to  Scott ;  and  Phaseolus  in  water* 
cultures,  according  to  Perseke). 

With  regard  to  the  structure  of  the  primary  cortex,  it  may  be  noted  that  this 
tissue  is  often  coUenchymatous  in  its  outer  portion  and  frequently  contains 
groups  of  stone-cells.  In  many  woody  species,  principally  in  plants  with  reduced 
leaves  ('  blattarme  Pflanzen  ),  of  which  there  are  a  large  number  in  the  sub- 
order, especially  among  the  Podalyrieae,  Genisteae,  and  Galegeae,  a  consider- 
able part  of  the  primary  cortex  is  developed  as  palisade-parenchyma  or  as 
assimilatory  tissue  of  some  other  form.  Associated  with  this  feature  we  find : 
<<i)  an  abundant  occurrence  of  stoma ta  in  the  epidermis  of  the  stem,  and,  in 
si)ecies  with  grooved  stems,  restricted  to  the  grooves  ;  and  (6)  frequently  also 
tne  occurrence  of  strands  of  sderenchyma- fibres,  which  either  run  in  the  primary 
cortex  independently  or  in  connexion  with  the  fibro- vascular  system,  or  traverse 
the  cortex  ;  for  further  details  see  Pick,  Volkens,  Schube,  Ross,  Briquet,  Dieb, 
Reiche,  Pasquale  and  Reinke.  Likewise,  with  regard  to  the  structure  of  the 
wings  of  the  stem  ('  macropt^res '  of  Briquet),  which  are  found  in  certain 
Podalyrieae,  Genisteae,  and  Vicieae,  and  to  some  extent  form  a  continuation  of 
the  primary  cortex,  reference  must  be  made  to  the  literature. 

As  examples,  the  stem -structure  of  Cytisus  Ardoini,  Fount.  (Fig.  61,  A)  and  of 
C  Sauieanus,BuTii,  et  Briqu.  (Fig.  61  •  B)  will  now  be  described  according  to  Briquet's 
account,  his  diagrammatic  figures  of  the  transverse  section  being  reprodfuced* 
A  transverse  section  of  the  stem  of  Cytisus  Ardoini  shows  eicht  grooves  cut  across, 
by  which  the  stem  is  longitudinally  furrowed,  and,  between  these,  eight  longitudinal 
ridges*  which  are  T-shaped  in  transverse  section  ('micropt^res'  of  Briquet).  The 
epidermis  of  the  longitudinal  ridses  has  a  thick  external  wall  and  bears  no  stomata 
and  no  hairs.  Below  it  a  hypoderm  with  thin  walls  occurs  ;  then  follows  a  plate 
of  sclerenchvma-fibres,  whicn  stretches  beneath  the  whole  of  the  ejpidermis  of  each 
ridge,  and  tne  middle  of  which  projects  inwards  in  the  form  of  a  sught  ridg:e.  The 
epidermis  of  the  grooves,  on  the  other  hand,  has  a  dehcate  external  wall,  includes 
stomata  and  bears  hairs.  In  the  grooves  abundant  assimilatory  tissue  is  situated 
subepidermally.  Opposite  both  the  jprooves  and  the  ridges  the  innermost  part  of 
the  pnmary  cortex  up  to  the  pericycle  is  formed  by  colourless  tissue  composed  of  larse 
cells  with  thin  walls.     The  stem  of  C.  Sauseanus,  a  species  which  is  very  nearly 


To  cimre  a  correct  •odenUndiag  of  the  fUtemcnU  mmAt  above,  it  thovld  be  trmuktd  that 
node  of  dcvelopnctit  of  the  cork  is 
of  the  ipecica,  in  which  the  ooe  or 
cmly  oouttad  10  at  to  econoiBiie  spaoc 


the  mode  of  dcvelopnctit  of  the  cork  is  in  general  not  constant  for  the  genus.     A  detailed 

tMo  of  the  spedcs,  in  which  the  one  or  the  other  node  of  corfc-dcirtlopnent  has  hcco  oUienped,  is 
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related  and  also  very  similar  to  C.  A  rdoini^  has  quite  a  different  structure.  It  is  only 
5-angled  and  is  not  deeply  grooved.  In  this  species  the  epidermis  of  the  stem  is  of 
approximately  uniform  nature  at  all  points  of  the  transverse  section.  At  each  angle 
hypodermal  tissue  Ues  below  the  epidermis,  followed  by  a  column  of  sderenchyma- 
fibres,  which  has  a  T-shaped  cross-section  and  extends  as  far  as  the  pericmle  ;  while 
at  the  five  lateral  surfaces  abundant  assimilatory  tissue  is  developed  bek>w  the  epi- 
dermis, and  the  innermost  part  of  the  primary  cortex  is  occupied  by  colourless 
tissue.  These  two  examples  sufficiently  show  that  the  structural  features  in  auestioD 
may  be  successfully  employed  for  the  distinction  of  species,  as  has  been  oone  by 
Briquet  (loc.  cit.)  for  the  species  of  Cytisus. 

In  very  many  cases  the  outer  limit  of  the  bast  is  formed  by  isolated  group 
of  hard  bast ;  in  the  neighbourhood  of  these  groups  or  between  them  stone-ceUs 


Fig.  6i.  DiAgrammatic  figures  of  the  transverse  section  of  youn;  shoots  of  Cytisus  Ardoimi^  Foara^ 
and  B  Cytitus  Sausgamus^  fiirn.  et  Briqu.  (In  both  drawings  the  eptdenDis  is  shown;  th*  colnrkw 
bypodenn  and  the  similarly  constituted  tissue  of  the  primary  cortex  are  left  blank;  the  green  f inane  is  shaded, 
the  elements  of  the  hard  bast  are  represented  by  dotting.)— After  Briquet. 

or  groups  of  crystal-cells  may  occur  in  places.  In  the  same  r^on  in  other 
species,  a  ring  of  bast-fibres  is  stated  to  occur ;  this  ring,  however,  probably 
only  exists  in  the  young  branch,  and  subsequently  either  becomes  broken  iq) 
into  isolated  groups  of  bast-fibres  or  is  converted  into  a  composite  and  con* 
tinuous  sclerenchymatous  ring.  The  latter  has  likewise  been  oemonstrated  in 
a  number  of  the  members  of  the  sub-order. 

The  following  genera  possess  isolated  groups  of  bast-fibres  in  the  pericyde:  among 
the  Gale^eae,  Astragalus,  Brongniartta,  Carmtchaeliat  Caragana^  Corynetia^  dmrsetU, 
Dalea  (with  the  exception  of  D.  polvadenia,  Torr.,  in  whioi  crystal-odUs  rejdaoetbe 
bast-fibres ;  with  regard  to  this  see  above,  p.  267),  Diphysa^  Eysenhardiia,  Haiimo- 
dendron,  Indigofera,  Lessertia,  Mundulea,  Petalostemon^  Psoralea^  Sabittea,  Spkmtft) 
physa,  Tephrosia  ;  all  the  Hedysareae  investigated  by  Vogekbener  (see  above)  with 
the  exception  of  Desmodium  and  Ou^einia ;  among  the  Dalbergieae,  DaibergU, 
Drepanocarpus,  Euchresta,  Geofftoya,  Hecastophyllum^  Machaerium^  Piafymisdum^ 
Platypodium,  Poecilanthe,  Pterocarpus,  Ttpuana  ;  lastly,  among  the  Sc^horese, 
Ammodendran,  Calpumia,  Cladrastts,  and  Sofhora.  A  nng  of  bast-fibres  occurs  is 
the  pericycle  in  Colutea  pro  parte,  Galega,  Giycyrrhua,  and  Harpalyc$  acoording  to 
Wevland,  and  in  Desmodium  pro  parte  according  to  Vogelsbeinger,  A  composite 
and  continuous  sclerenchymatous  ring  is  devek>ped :  amonf  the  Galegeae  ia 
Amorpha,  Barbieria,  Calophaca,  Colutea  pro  parte,  MilUHa,  oEmvo,  i^o6ifit«  and 
Wistaria ;  quite  generally  in  the  Phaseoieae,-  according  to  Deboid ;  in  OiifmMs» 
among  the  Hedysareae ;  in  Andira,  CetUrdobium,  DerriSf  DipUryM^  Lomekocm^pms^ 
Mueller  a,  Pisciaia,  Pongamia,  Pterodon^  amouR  the  Dalbeigieae ;  in  nowrfi'iJWi, 
Dalhousiea^  Diblotropis,  Myrospermum^  Myroxykm^  Ormosia^  Sw^Mm  and  VirgUiSt 
among  the  Sopnoreae  ;  in  Aldina,  Swartxia  and  ZoiUmiat  among  tlie  Swaitsieae. 
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The  secondary  bast  frequentiy  contains  secondary  groups  of  bast-fibres, 
which  are  compact,  do  not  border  directly  on  the  medullary  rays,  and  in 
many  cases  cause  a  stratification  of  the  bast.  The  secondary  as  also  the 
pnmary  bast-fibres  are  occasionally,  like  the  wood-fibres,  furnished  with  a 
gelatinous  layer.  Crystal-containing  chambered  fibres  with  ordinary  rhombo- 
hedra  or  styloid-Uke  crystals  in  the  loculi  are  the  usual  elements  accom- 
}>an>ing  the  bast-fibres.  According  to  Mdller,  short  articulations  and  the 
exclusive  occurrence  of  simple  sieve-plates  are  characteristic  of  the  sieve-tubes. 
In  the  sieve-tubes  of  Robinta  Pseudacacia  and  of  Wistaria  sinensis^  Strasburger 
has  recently  observed  pecuUar  mucilage-bodies,  which  frequently  have  an 
angular  shape  and  are  connected  with  the  sieve-plates  by  means  of  fine 
threads  ;  following  Strasburger  Baccarini  has  demonstrated  these  bodies  in 
a  large  number  of  genera  belonging  to  the  different  tribes.  The  medullary 
rays  of  the  bast  are  mostly  fairly  broad,  more  than  four  cells  in  breadth,  never 
sclerosed,  and  considerably  broadened  towards  the  exterior. 

The  statements  regarding  the  structure  of  the  axis  made  up  to  this  point 
relate  chiefly  to  woody  plants.  The  stems  of  the  herbaceous  species  have 
been  investigated  by  Jannicke,  especially  in  relation  to  the  arrangement  of  the 
vascular  bundles  and  the  nature  of  the  interfascicular  tissue. 

Jannicke  distinguishes  a  series  of  types,  of  which  the  following  may  be  mentioned. 
The  first  occurs  in  most  species  of  Trtfolium,  and  consists  in  the  vascular  bundles 
being  united  by  interfascicular  tissue,  composed  of  parenchymatous  sclerenchyma, 
which  is  connected  externally  with  the  groups  of  hara  bast  belonging  to  the  vascular 
bundles.  Interfascicular  tissue  composed  of  parenchymatous  sclerenchyma  and 
situated  within  the  cambium  characterizes  spraes  of  Cortmilia,  Omitkopus,  Scot- 
t>turus  and  Securigera,  and  likewise  Oncbrychts  saHva^  in  which  small  intermediate 
bundles  also  occur  ;  interfascicular  tissue  in  the  same  position,  but  consisting 
oi  sclerenchymatous  prosenchyma  and  parenchyma,  is  found  in  species  of  Astrafolus^ 
Asirolobtum,  Bisemaa,  Cortmilla,  Gaiega^  Hippocrepis,  Loius,  Medicago,  MeiUoius, 
Ononis,  Phaca,  TetragonoMms  and  Trigonella,  Lastly,  in  Dorycnium,  according 
to  Jannicke,  the  interfascicular  tissue  situated  within  the  cambium  consists  solely 
of  sclerench>'ma-fibres. 

To  conclude  the  description  of  the  structure  of  the  axis  the  occurrence  of 
cortical  vascular  bundles  and  the  remaining  anomalous  structural  features  of 
certain  species,  lianes  or  otherwise,  may  be  considered.  Corticml  vascular 
bundles  are  probably  universally  present  in  those  species  which  possess  winged 
stems,  e.g.  Genista  sagittatis  or  Bossiaea  scoloptndria^  but  frequently  also  in  those 
sjHNTies  which  are  provided  with  grooved  stems,  some  of^  these  being  forms 
with  reduced  leaves.  The  latter  case  occurs  in  the  following  species  :  Retama 
Ractam,  Webb  et  Berth.,  Genista  pHosa  and  G.  tinctaria  (according  to  Russell), 
(ytisus  linifolius.  L.  and  C.  manspessulanus^  L.  (according  to  Briquet).  The 
cortical  vascular  bundles  are  of  greater  systematic  significance  in  the  Vicieae, 
where  they  have  been  met  with  in  all  investigated  spedes  of  the  genera  Vicia^ 
En  urn,  Laihyrus^  Orobus  and  Pisum^  in  two  opposite  angles  of  the  stem,  either 
Mn^ly  or  several  together,  one  behind  the  oth^. 

The  remaining  anooialies  of  the  PapiUonaceous  lianes  and  non-lianes  in 
tho^e  cases  which  have  been  determined  with  certainty,  consist  either  (a)  in 
the  apj)earance  of  successive  rin^  of  growth  in  the  pericyde  or  in  the  primary 
corte.x,  rarely  in  the  bast  (in  speaes  oiWistaria^  Afucuna^  Spatkolobus^  Pueraria^ 
Pachyrhizus^  Rhynckosia^  Datbcrgia^  and  Machaerium '),  or  (6)  in  the  formation 

>  The  a>occntric  ftrmtificmioa  d  the  wood  met  with  in  older  tbooCs  of  As/rt^ga/us  {A.  mtmcr$f9u, 
I^cnf^.  according  to  my  own  obeerratioo)  does  not  depend  on  the  oocnnencc  of  taoccture  hnft 
o\  ^'towtb,  bot  it  doe  to  the  fKt  that  the  zyleoi-mMi  is  tnteii opted  hy  ringt  d  onlignificd 
parmihTvatoof  tiMoe,  which  hos  tha  wmlU  and  coataint  tpiral  trachcie,  the  inner  pait  itill 
»huwini;  the  cambial  radial  amaccmcnt  of  its  cells.  Ooite  analofoot  •tioctofta  oocor,  tt  awj 
l«  recalled  here,  amoof  tht  QrmStm&t  in  the  coniw  Ktfte  aad  amoog  the  Caryophjlkae  in  the 
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of  groups  of  phloem  in  the  tissue  of  the  wood  (in  species  erf  Mucumm^  Diocbm^  and 
Pkastotus),  Secondary  cleavage  of  the  mass  of  wood  has  not  been  ofascrred. 
The  stems  of  Papilionaceoos  lianes  are  mostly  cylindrical;  species  <rf  MMchMmimm 
and  Rhynchosia  phaseohides  have  band-shaped  stems. 

The  following  statements  may  be  made  regarding  the  detailed  stmctnre  of  tiie 
anomalous  Papibonaceous  stems.  Among  the  Gakgeae  succeasive  rings  of  growth 
are  only  f>re9ent  in  Wistana  ckinensis^  DC»  in  which  tfaev  have  been  investigated  by 
De  Bary,  Cruger,  Lederc  du  Salbon^  Licopoli«  Strasburger,  and  otiieta.  TIk 
anomaly  first  appears  in  axes  2.5  cm.  thick,  and  Lioopoli  also  met  with  it  in  the  root. 
The  secondary  zones  of  wood  and  bast  originate  in  the  primary  cortex  on  the  outer 
side  of  the  pericydic  composite  and  continuous  sclerench3rma-ring.  In  the  Vicaeae 
no  anomalous  stem-structure  occurs  apart  from  the  cortical  vascular  boadleiw 
which  have  already  been  discussed  above.  The  anomalous  stem  described  by 
Wakker  as  Ahms  frecaiorius,  L.,  according  to  Schenck  bdongs  to  Rkytukoas 
pkaseoUides  (see  bdow) ;  Ahrus  precatarius  itself  has  normal  structure.  Among 
the  Phaseoleae,  the  tribe  which  presents  the  largest  number  of  cases  of  anomakras 
stem-structure,  a  stem,  described  by  H«  Schenck  as  Mucuns^  sp.,  and  pcobably 
belonging  to  AT.  cUHssima,  DC,  unites  the  anomaly  of  succesave  rinn  of  growth 
with  the  occurrence  of  phloem-islands  in  the  wood.  In  Mucuna  the  formation  of 
the  secondary  rings  of  growth  takes  place  late  and  in  the  pericydic  parenchynia. 
The  islands  of  soft  bast  are  embedded  m  the  outer  xylem-tissue  of  the  vascular  ring, 
which  is  rich  in  unlignified  parenchyma,  and  are  given  off  from  the  camhium  on  its 
inner  side.  According  to  H.  Schenck,  another  spedes  of  the  same  genus,  Mucumm 
prurisns,  DC,  only  euibits  the  successive  rings  of  growth*  which  Frits  Moller  was 
the  first  to  demonstrate  in  Mucuna,  In  possessing  islands  of  soft  bast,  Pkmssolus 
Curacalla,  L.  agrees  with  Mucuna^  according  to  Borzi,  and  here,  as  in  the  latter 
plant,  unlignified  portions  of  tissue  with  thin  walls  occur  in  the  older  wood.  This 
unlignified  tissue  and  likewise  the  medullary  rays  of  the  wood  and  bast  contain 
sman  bundles  of  sieve-tubes,  which  are  formed  secondarily  from  the  thin-walled 
tissue.  H.  Schenck  has  observed  a  similar  structure  in  a  stem  2^  cm.  thick,  be- 
longing to  a  spedes  of  DiocUa.  The  remaining  Phaseoleae  with  anon&alous  structure 
have  only  successive  rings  of  growth.  Firstlvt  as  regards  the  genus  SpatkoicbuSp 
Gamble's  statements  indicate  that  SpaihoMms  Roxburghii,  Benth.  shows  this 
anomaly.  Conclusive  proof  of  this  has  been  brought  forward  by  Debold,  iHio  also 
demonstrated  that  the  secondary  rings  of  growth  in  5.  Roxourrhii  arise  extra* 
fasdcularly  on  the  outer  side  of  the  composite  and  continuous  8derench3rma-ring 
of  the  cortex.  According'  to  Debold,  a  second  spedes  of  the  same  genus,  Spmikyicbms 
liUofoliSt  Hassk.  (Zcdlinger,  No.  86,  Herb.  Ziinch),  shows  the  same  anomaly ;  but 
here  the  anomalous  growth  takes  place  on  the  inner  side  of  the  composite  and 
continuous  sderenchyma-rin^,  that  is  to  say,  in  the  pericyde.  The  successive 
rings  of  growth  of  Puerana  Thunbergiana^  Benth.,  which  Avetta  observed  in 
stem  and  root,  as  in  Mucuna,  arise  in  the  peric3rclic  parenchyma,  and  the  same 
aoplies  to  those  of  Packyrhiius  monUmus,  IJC,  accordmg  to  Chodat ;  and  lastly* 
those  found  in  the  band-shaped  stems  of  Rhynchosia  phauahidssp  DC  *  (Crdger, 
Wakker)  and  of  /?.  reticulata  (Saupe),  arise  in  the  primary  cortical  parenchyma  00 
the  outer  side  of  the  sderenchyma-ring.  In  connexion  with  these  anomalous 
Phaseoleae  it  may  be  remarked  that  other  lianes  belonging  to  the  Phaseoleae,  e.g. 
Canavalia  giadiata,  *  Benth.,'  according  to  H.  Schenck,  and  Hardenbergia  numophyum 
according  to  Saupe,  are  normal  in  structure.  Among  the  Dalbergieae,  successive 
rings  of  growth  occur,  according  to  Gamble,  in  the  arborescent  spedes,  Dalberpa 
fmniculaia,  Roxb. ;  on  the  other  hand,  according  to  H.  Schenck,  Daibergia  vanmbuis. 
Yog.,  D.  Muelieri,  Taub.,  D.  foiiohsa,  Benth.,  have  normal  structure,  and  also, 
according  to  Gamble,  D.  Sissoo,  Roxb.,  D.  iaiifoiia,  Roxb.,  D.  cultrata^  Grab.,  D. 
lanceolarta,  L.,  D.  nigrescens,  Kurz,  D.  stipulacea^  Roxb.,  and  D.  foliacsa,  WaQ.,  of 
which  D.  stipulacsa  alone  bdongs  to  the  lianes.  In  the  genus  Machaimum  also 
a  certain  number  only  of  the  spedes  possess  the  anomaly  in  question.  Thus 
Machaerium  brasiiiense,  Vog.,  and  Af.  vtolaceum,  Vog.,  are  normal  in  structure  ac- 
cording to  H.  Schenck ;   whereas  the  following  are  anomalous :    Af .  acuismium^ 

genu  AcMttk^pkylbtm,  When  the  thin-wailed  tiseoe  dries  up,  at  is  the  case  in  herharinm- 
material,  the  ma»  of  wood  can  withoot  diflkalty  be  separated  into  leYeral  coooentiic  cylinders  in 
this  plant,  as  in  the  other  cases. 

'  Aocofdiag  to  Wakker  the  anomaly  in  qoesttoo  also  occurs  in  the  root  of  R,  pkmueimiiu 


PAPIUONACEAE 


a8i 


Raddi,  M,  ampium^  Benth.,  Af.  anptsHfoiium^  Vog.,  Af.  sscundiflarum^  Biart.,  and 
M.  iounaieifoiium,  Taub.  In  these  latter  the  appearance  of  the  transverse  section 
varies  ;  the  stem  is  usually  round,  but  in  M.  actUeaium  it  is  winged.  The  secondary 
rings  of  growth  generaUy  arise  in  the  phloem-parench3rma  of  the  original  ring  of 
bundles.  Lastly,  a  stem,  labelled  Derris  sp.  by  H.  Schenck,  and  possiUy  belonging 
to  D,  negrensis^  Benth.,  also  possesses  secondary  strands  of  wood  and  hisL 

Before  leaving  these  stems  with  anomalous  structure  two  further  anomalous 
stems  may  be  taken  into  consideration,  which  have  previously  been  discussed 
in  the  literature,  and  which,  to  judge  by  their  detailed  anatomical  structure, 
almost  certainly  belong  to  the  Papilionaceae.  These  are  stem  No.  495  of 
Schenck's  collection  of  woods,  and  Martius's  stem  No.  254  \  which  is  men* 
tioned  by  Radlkofer.  This  stem  of  Schenck's,  which  he  has  represented  in 
his  Fig.  119  on  Plate  IX,  shows  strands  of  wood  and  bast  of  various  sizes  in 
the  secondsiry  cortex.  The  anomalous  structure  only  appears  at  a  late  stage ; 
the  oldest  bundles  of  wood  and  bast  occur  at  the  outsioe  and  are  the  largest ; 
the  inner  ones  are  smaller  and  arise  later.  A  transverse  section  of  the  stem 
in  some  measure  recalls  that  of  Serjania  piscatoria^  Radlk.    The  second  piece 


Fig.  6j.    A  piece  of  the  eteoi  of  o 
sue  — Onginal. 


t  ct  tlw  Pftpilkmaceae  (■adetermiaed)  witb  ooopoand  zylem-OMai.    Natnral 


(that  of  Martins,  cf.  Fig.  62)  has  a  compound  xylem-mass  and  at  the  first  glance 
gives  the  impression  of  being  composed  of  three  stems  fused  together. 

4.  Structure  of  the  Root.  On  this  subject  see  Lohrer  (1887,  loc  dt.). 
The  roots  with  anomalous  structure  have  alreaay  been  mentioned  above  in  the 
descnption  of  the  anomalous  stem-structures.  With  regard  to  their  anatomical 
structure,  it  need  only  be  mentioned  that,  according  to  Van  Tieghem  (Ann.  tc  nat., 
s^r.  5,  t.  xiii.  187 1,  p.  217),  primary  hard  bast  is  of  ureauent  occurrence  in  the  roots 
of  the  Papilionaceae,  as  also  of  the  Caesalptnieae  ana  Biimoaeae,  and  that  a  sub- 
epidermal supporting  network  ('  r^seau  ae  soutien  ')  is  described  by  Russow 
(Uctracht.  Leitb.  una  Grundgew.,  1875,  P*  71)  ^  ^  species  of  Hedysarum. 


II.    Caesalpinieae. 

I.  Review  of  the  Anatomical  Features.  Only  a  few  anatomical 
features  are  conmion  to  the  whole  of  the  Caesalpinieae,  namely  simple  perfora- 
tions in  the  vessels,  wood-prosenchyma  with  simple  pits,  superficial  oevelop- 
nunt  of  cork,  and  a  composite  and  continuous  sclerenchymatous  ring  at  the 
outer  margin  of  the  bast.  As  compared  with  the  other  Leguminosae,  it  is 
e^iH-cially  noteworthy  that  oxalate  of  lime,  besides  occurring  in  the  form  of 
solitary  crystals,  frequently  appears  in  the  form  of  clustered  crystals,  and  that 
simple  unicellular  hairs  are  very  widely  distributed ;  the  tannin-sacs  of  the 

'  Fjuctly  umtUr  ptcoei  of  stem,  perhaps  froa  the  Mine  sovroe,  have  also  been  fowid  in  the 
co1Iecti(»fii  at  Kew,  at  Park,  and  reoeDdy  auo  at  Moaicb.  The  Ague  gircn  above  wat  made  from 
the  yitct  at  Manidi. 
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Papilionaceae  are,  as  a  rule,  absent  ^  or  are  only  rudimentary  in  their  devdo|K 
menty  and  do  not  appear  as  idioblasts. 

As  regards  the  other  anatomical  features  of  the  Caesalpinieae»  reference 
may  be  made  to  the  following  points.  The  type  of  stoma  is  not  untform  ;  the 
stomata  may  or  may  not  be  accompanied  by  subsidiary  cells,  placed  paraDd  to 
the  pore.  Internal  secretory  organs  are  not  uncommonly  developed,  vix.  in  the 
form  of  secretory  cdls  (spedes  of  Caesalpinia^  Cassia^  Difiydumira^  Mexo- 
neurum^  Pterolobium^  WagaUa)^  schizogenous  secretory  cavities  (in  CaesalpimA 
pro  parte,  Cenostigma,  Copaifera^  Eferua^  Hymenaea^  Peliogyne^  Prioru^  and 
irackylobium)^  and  secretory  canals  (m  the  axis  of  Eferya  and  Capaifera).  The 
hairy  covering  consists  of  clothing  and  glandular  hairs  of  varied  structure. 
Speoal  forms  of  clothing  hairs  are :  unicellular  hooked  hairs  {ApuleU^ 
DiaUum^  Labichea),  unicellular  two-armed  hairs  {MoUenhawera)^  two-cdkd 
malpighian  hairs  {Bauhinia  conferHflora^  Benth.),  bristle-like  shaggy  hairs 
(Cassia)^  stellate  or  tufted  trichomes  (Cassia\  hairs  branched  like  a  fir-tree^ 
(Cenostigtna)^  shaggy  hairs  with  a  spherical  and  glandular  multicellular  base' 
(Cassia^  Fig.  63,  /i,D).  The  |;landular  hairs  also  possess  very  varied  structure. 
Special  types  of  glandular  hairs  are  the  boait-shaped,  shortly  stalked,  ^andular 
hairs,  enclosing  an  intercellular  secretory  space,  found  in  species  oioaukinU 
(Fig.  63,  C),  and  the  depressed  glandular  hairs  of  species  of  Berlinia^  Dicorynim^ 
HeUrosUmon^  and  Humboldtia  (Fig.  63,  D).  True  anomalous  stem-structure 
only  occurs  in  certain  spedes  of  Bauhinia^  and  consists  dther  in  the  appearance 
of  successive  zones  of  wood  and  bast  or,  on  the  other  hand,  in  the  setting  up 
of  the  xylem-mass  (Fig.  64,  C). 

Finally,  a  series  of  anatomical  features,  which  may  be  made  use  of  in 
specific  and  occasionally  even  in  generic  diagnosis,  remains  to  be  mentioned. 
Among  these  are :  the  rare  formation  of  hypoderm  in  the  leaf,  the  frequent 
papillose  differentiation  of  the  lower  epidermis  of  the  leaf,  gdatinization  of  the 
epidermis  of  the  leaf,  occurrence  of  soUtary  or  of  dustered  crystals  in  the  epider- 
mis of  the  leaf  (spedes  of  ApuUia,  Capatfera^  Eperua^  and  Saraca)^  occurrence 
of  cells  with  mucilaginous  walls  (spedes  of  Berlinia^  Cassia^  Cercidium^  Macro* 
lobiutn^  and  PeUogyne)^  of  sderenchyma-fibres  (spedes  of  HeterosUmon^  Saracs^ 
and  Schoiia)^  and  of  pecuUar  sderenchymatous  cells,  containing  siUca  in  their 
lumina  {Cynomeira)  in  the  mesophyll,  the  varied  structure  of  me  veins  of  the 
leaf  (whether  vertically  transcurrent  or  embedded,  &c.),  devdopment  of  abun- 
dant wood-parenchyma  in  the  form  of  tangential  bands  in  the  wood,  occurrence 
of  secondary  bands  of  hard  bast,  and  so  on. 

2.  Structure  of  the  Leaf.  The  leaf-structure  has  been  thoroughly 
investigated  by  Dellien  *.  The  results  of  this  investigation  form  the  basis  of 
the  folTowing  statements. 

The  epidermis  of  the  leaf  is  mostly  one-layered.  Devdopment  of  hypoderm 
is  rare.  In  Dicorynia  panunsis,  Benth.  (but  not  in  D,  floribunda.  Spruce,  which 
is  regarded  as  a  form  of  this  species),  in  Cassia  t ncMrvoto,  Benth.,  and  C.Blanckdi^ 
Benth.,  hypoderm  occurs  on  both  sides  of  the  leaf ;  in  CeraUmia  Siiiqua^  L., 
Cercidium  Uxanum,  A.  Gray,  and  Parkinsonia  acuUaia^  L.,  only  above  the  lower 
epidermis.    Other  differences  in  the  structure  of  the  epidermis  consist  in  the 

*  Dellien  afifirms  tbetr  entire  nbcence;  but  Trecal  notes  thfir  occmrence  in  Cerai^mim  in  the  pttk 
and  in  the  cortex,  in  the  Utter  on  the  inner  tide  of  the  primary  hard  hast. 

*  Dellien  inrestigatcd  nnmeroai  spedes  of  the  following  genera,  which  are  enameratcd  according 
to  Bentham  and  Hooker's  arrangement :  ScieroMium,  Dipty^kandra,  Poefpigia^  Campsimmdr^  C«m#- 
stigma:  PtUopkorum,  Mnamurum^  Cassalpimia,  Hojfmameggia.  Iia€mat$xyhm^  FUrplMum^ 
Cymmchdm,  GUdiiukia,  Wagaiwa,  Pnmiana,  SckiMoMnttm,  MfiUUnJUnoerm,  Ci^ruHmm,  Piurkim- 
scnia ;  DUorynia,  Cassia,  lahitkra,  ApuUia^  Dialium,  Ciraicmia  ;  BamMimia,  Cercis ;  Br0mm§a, 
iieUrosUtm^,  Amkirstia,  HumbcLUia,  MacvUfnum,  Biriimia,  Eperua,  AfuHa^  Tmamrimdui^ 
Sikotia,  TackigoHa,  PtUogym,  HywunaeOy  TnukyUkium,  Sara^a,  Cnu/ia ;  C^pai/ira,  Ptwnmi 
ffardwickia,  Ptirogym^  Cyntmetra ;  Dimorpkamdra. 
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special  shape  of  the  cells  or  special  structure  of  the  cell-walls.  The  epidermal  cells 
of  species  of  ScUralobium,  e.g.  5.  paniculatum^  Vog.,  are  elongated  like  palisade- 
cells.  Caesalpinia  sepiaria^  Roxb.,  C.  HUdebrandtii^  Baill.,  C.  Uxa^  Benth., 
Cynom^tra  racemosa^  Benth.,  Cassia  Chamaecrista,  L.,  C.  glandulosa^  L.,  and 
C.  Tora,  L.,  as  well  as  Pterolohium  lacerans^  R.  Br.,  have  a  subpapillose  epidermis. 
Distinct  formation  of  papillae  has  been  observed  in  the  following  species : 
A  puUia  praecox^  Mart. ;  Bauhinia  confertiflora^  Benth. ;  Caesalpinia  Nuga^ 
Ait.  ;  Cassia  acosmifalia^  Mart.,  C.  alala^  L.,  C.  fasiuosOj  Willd.,  C.  moschaia^ 
H.B.K..  C.  obUcta,  Benth.,  C.  scabra,  H.B.K.,  C.  viscosa,  Pohl ;  Crudia  pubescens. 
Spruce ;  Diaiium  guineense,  Willd.,  D,pUUysepalum^  Bak. ;  Dicarynia  fieri' 
hunda,  Sprtice ;  Dimarpkandra  mollis^  Benth.,  D,  taroiflora.  Spruce ;  Hard- 
wickia  binaia^  Roxb. ;  Labichea  punctata^  Benth. ;  Macrolobium  acaciae folium^ 
Benth.,  M.  multijugum^  Benth. ;  PeUopkarum  dasyrkackis^  Kurz  ;  Schizolobium 
exulsum^  Vog. ;  Wagatea  spicaia^  Dab.  The  papillae  of  Macrohbium  acaciaefolium 
have  a  peculiarly  lobed  outline,  and  in  surface-view  almost  hide  the  contours 
of  the  epidermal  cells ;  the  papillae  of  Cassia  ohUcta  and  C.  scabra  are  long 
and  finger-shaped  and  sclerosed.  In  Bauhinia  confertiflara  the  formation  of 
papillae  Ls  combined  with  the  occurrence  of  a  many-layered  epidermis  ;  the  epi- 
dermis becomes  many-layered  by  division  and  the  uppermost  layer  of  cells  is 
provided  uith  peculiar  lobed  papillae.  The  outer  walls  of  the  epidermal  cells  are 
only  rarely  (//vm^mi^a,  rracAy^6tfim)  strongly  thickened.  In  Cassia  secunda^ 
Benth.,  and  C.  hypoUuca^  Mart.,  the  epidermal  cells  acquire  an  appearance 
like  that  of  stone-cells  in  surface- view,  owing  to  a  pecuhar  manner  of  thicken- 
ing of  the  cell-walls.  Gelatinization  of  the  epidermal  cells,  which  is  valuable  for 
characterizing  species,  is  not  very  widely  distributed.  According  to  WaUiczek  it 
occurs  in  the  plants  which  form  the  source  of  senna-leaves ;  according  to  Dellien 
also  in  numerous  other  species  of  Cassia^  and  in  Caesalpinia  Jerrea^  Mart, 
var.,  CHUdrbrandtii,  Baill.,C./ajra,  Benth.,  C.  microphylla.  Mart.,  C.mimosoides^ 
Lam. ;  Crudia  amazonica.  Spruce  ;  Cercis  chinensis^  Bunge,  C.  SUiquastrum^  L. ; 
Cercidium  Uxanum^  A.  Gray;  Diaiium  divaricatum^  Vahl ;  Dimorphandra 
cxdltata,  Schott,  D.  Gatdneriana^  Tul.,  Z).  parviflara.  Spruce;  Haemaioxylon 
Campechianum^  L, ;  Hoffmanseggia  falcaria^  Cav.,  H.  stricta,  Benth. ;  PeltO' 
tfhorum  Jasyrachis,  Kur2,  P.  Vogelianum^  Benth. ;  Poinciana  elata^  L.,  P.  re^ia^ 
Boj.  Solitary  crystals  and  more  rarely  clustered  crystals  of  oxalate  of  lime 
occur  as  sjxxial  constituents  of  the  contents  of  the  epidermis.  The  soUtary 
crystals,  which  have  been  observed  in  Saraca  indica^  L.,  and  species  of  Copaifera 
(C.  coriacea.  Mart.,  C.  elliptica.  Mart.,  C.  guianensis^  Desf.,  C.  Langsdarfii,  Desf., 
('.  Martii,  Hayne,  C.  oblongifolia^  Hayne,  C.  officinalis^  L.,  C.  rigiaa^  Benth.,  and 
r.  trapezifolia^  Hayne,  but  not  in  c.  confertiflara^  Benth.,  and  C.  muliiiuga, 
Hayne),  are  contained  singly  in  smaller  epidermal  cells,  or  in  pairs  of 
thcsi\  or.  lastly,  in  the  chambers  of  epidermal  cells  divided  by  several 
septa.  Apuleia  praecox^  Mart,  has  smaller  epidermal  cells  with  clustered 
crystals  ;  Eperua  rubiginosa^  Miq.,  contains  small  clustered  crystals  singly  in 
the  cells  of  its  epidermis,  2-5  such  celk  being  grouped  together;  lastly,  Saraca 
(nandra,  Bak.,  nas  clustered  and  soUtary  crystals.  In  Ceralonia  Siliqua^ 
L.,  [Kxuliar  contents  are  found  in  epidermis  and  hypoderm ;  they  consist  of 
pair  brown  tannin-containing  masses,  which  are  lamellated  so  as  to  appear 
striatt^d,  insoluble  in  water,  alcohol,  ether,  chloroform,  and  potash  solution,  and 
soluble  \n  Eau  de  Javelle. 

In  most  of  the  Cacsalpinieae  the  stomata  are  present  only  on  the  lower  sur- 
face of  the  leaf.  Numerous  stomata  are  found  on  the  upper  side  of  the  leaf» 
esfXH.  lally  in  many  speciesof  Ca55fa,and  besides  these  in  speciesof  some  fewother 
genera,  e.  g.  Caesalpinia  and  Cercidium.  As  a  rule,  the  guard-cells  are  in  the  same 
plane  as  the  epidermal  cells;  occasionally,  however,  they  are  depressed  below 
the  level  of  the  epidermis,  and  in  rare  cases  {Ceralonia  Siliqua^  L.,  Bauhinia 
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confertifiara^  Benth..  and  Caesalpinia  Xuga^  AiL)  thb  even  amounts  to  the  fonsft- 
tion  of  a  vestibule  above  the  stoma.  jG  regards  the  detailed  stmctore  d  the 
guard-cells,  a  noteworthy  feature  is  the  frequent  occurrence  on  the  outer  n, 
of  a  thickening-ridge,  Uke  the  flap  of  an  envelope  in  shape.  The  Caeur 
pinieae  vary  in  regard  to  the  occurrence  of  subsidiary  cells.  A  ccrtas 
number  of  the  genera  possess  subsidiary  cells,  which  are  placed  pmM 
to  the  pore,  while  in  the  other  genera  subsidiary  cells  are  absent,  and  the  stoouti 
are  surrounded  by  three  or  more  epidermal  cells.  These  features  are  occasiaD- 
ally  not  even  constant  for  a  given  species,  inasmuch  as  stomata,  with  sevcnl 
irregularly  orientated  neighbouring  cells,  may  occur  on  the  same  leaf  side  b? 
side  with  stomata  which  have  pajrallel  subsidiary  cells.  This  most  be  taka 
into  consideration  in  making  use  of  the  following  statements. 

According  to  Dellien  the  following  plants  ha\-e  paraDd  subsidiary  oellt :  Afuht, 
Amherstia,  Apuleia^  Beritnia,  Brou-nea^  Ca£saipinia  pro  parte,  Campsimmdwm^  CmsaM. 
Cenostigma,  Copaifera,  Crudia.  Cynometra^  Dialiumn^  Dtcofynia,  Ditmarpkmmdrm  pn 
parte,  Diptychandra.  Eperua^  Haemaloxylam^  Ha^dwickia,  HtUrosiewum^  Haffmmm 
seggia,  Humboidiia^  Hymenaea^  Macrolobium^  Menmeurum,  MoUsnkawerm^  PgiUfywm 
PeJtophofum  dasyrachis^  Kurz,  Poinciana,  Prioria^  PteroMnumt^  Saracm,  ^^r'^ 
bium.  Scholia  lalifoiia,  Jaca.,  Sclerolobium^  Tachygalia^  Tamanndus,  TrackyMiwm, 
and  Wagatea  ;  while  the  following  ha\-e  stomata  witfaoot  special  subsidiary  odb : 
CaesaJpinia  pro  parte,  Ceratonia^  Cercidium^  Cercis^  Dimtorpkmndra  pro  pttrtCi 
Gieditschia,  Uymnocladus^  Labichea^  Parkinsonian  Peitapkontm  Ko«tfMrftSim,  Beodu 
Poeppigia,  Pterogym^  Sckotia  speciosa^  J  acq.  var.  tamarindifoiia^  Harv. 

The  mesophyll  is  in  most  cases  (a  few  species  excepted,  especially  those 
belonging  to  the  genera  Hoffmanseggia  and  Hymenaea)  bifadalin  stiucture. 
Special  features  of  the  mesophyll.  apart  from  the  secretory  organs*  which  «iD 
be  treated  separately,  are  as  follows  :  occurrence  of  stone-cells  in  the  mesophyll 
of  Macrolobium  chrysosiachyum,  Benth.  (stone-cells  here  in  the  epidermis  also), 
in  the  spongy  tissue  of  Saraca  indica^  L.,  and  S.  triandra^  Bak.»  and  in  the 
parenchyma  of  the  veins  in  Moldenkaitrera  cuprea^  Pohl,  as  well  as  the  occunenoe 
of  sclerenchyma-fibres  in  the  mesophyll  in  Saraca  indica,  L.»  S.  iriandrm^  Bilu, 
HcierosUmon  cUipticus,  Mart.,  and  Schotia  speciosa,  Jacq.,  var.  iamarimdifoiiM^ 
Harv.,  and  of  pecuUar  sclerenchyma-cells,  to  be  described  m  detail  immediately, 
in  all  the  investigated  species  of  Cynomrtra.  The  last-named  elements  were  first 
observed  by  Radlkofer  in  C.  catdiflora^  L.,  in  which  they  give  rise  to  transparent 
dots,  which  are  either  directly  \-isible  or  only  after  the  leaf  has  been  cut  across. 
The  sclerenchyma-cells  which  are  present  here  abut  on  the  vascular  bundles  by 
means  of  their  bulbously-enlarged  bases  ;  their  outer  branched  ends  resemble 
fibres  and  extend  below  the  epidermis,  especially  on  the  upper  side  of  the 
leaf,  while  the  enlarged  basal  portion  is  occupied  by  a  clear  listening  mass, 
which  is  occasionally  transversely  split,  and  consists  of  silica.  Besides  sdercs- 
chymatous  cells  of  this  kind,  others  independent  of  the  veins  now  and  then 
occur  ;  these  extend  below  the  epidermis  on  both  sides  of  the  leaf  and  are  like- 
wise filled  with  silica  :  further,  in  certain  species  of  the  same  genus  there  are 
sclerenchyma-cells,  which  unite  the  upper  and  lower  epidermis  like  nrders. 
In  connexion  with  this  peculiar  deposition  of  silica  the  occurrence  of  nUdfied 
groups  of  cells  in  the  palisade- tissue  of  Apuleia  praecox^  Mart.,  may  be  men- 
tioned ;  these  cells  cause  transparent  dots  in  the  leaf. 

Thevascular  bundlesof  the  veinsof  the  leaf  are  mostly  provided  with  sdcren- 
chyma,  and,  in  veins  of  medium  size,  are  embedded  or  vertically  transcurrent. 

Dellien  describes  embedded  veins  in  Afxelia^  Beriinia^  Caesalpinia^  Cassia* 
Cercidium,  Cercis  pro  parte,  Crudia^  Cynometra^  Dialium  pro  parte,  Dimorpkandra 
pro  parte,  GUditschia,  Gymnocladus,  Haematoxylan,  HeterosUmon^  Hoffmmns4ggta, 
Macroiobium,  Meioneurum,  Moidenhawera,  Parkinsania,  Peityogyne^  PtUapkomm 
Vogelianum,  Benth.,  Poeppigia,  Poinciana^  Priaria,  Pterogyne,  PtircMrimm^  Smrmca. 
Schtioiobium,  Schoiia,  and  Tamarindus ;  vertically  transcurrent  veins  in  Amkarsha* 
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Apuleia,  Brownsa,  Campsiandra,  Cenostigma,  Cercis  pro  parte,  Copaifera,  Dialium 
pro  parte.  Dicorynia,  Dimorphandra  pro  parte,  Diptychandwa,  Eperua^  Hardwickia, 
Humboidtia,  Hymenata,  Labichea^  Peitopharum  dasyrachis^  Kurz,  Sclerolobiumt 
Tachigaiia,  Trachyiobium,  and  Wagaiea, 

Oxalate  of  lime  is  deposited  in  the  form  of  solitary  and  clustered  crystals 
according  to  the  statements  both  of  Borodin  and  Dellien.  While  clustered 
crystals  scarcely  occur  at  all  in  the  Papilionaceae,  and  in  the  Mimoseae  are 
restricted  to  two  or  three  genera,  their  occurrence  is  a  common  phenomenon 
in  the  Caesalpinieae.  The  solitary  crystals  are  especially  found  accompanying 
the  veins,  the  clustered  crystals  chiefly  free  in  the  mesophyll.  As  in  the  two 
other  sub-orders  of  the  Leguminosae,  solitary  crystals  occasionally  also  occiu*  in 
the  palisade-tissue,  enclosed  in  local  thickenings  of  the  cell-wall ;  e.  g.  in  Eperua 
ieucantha,  Benth.,  £.  rubiginosa,  Miq.,  Macrolobium  laHfolium,  Vog.,  Tachigaiia 
panicuhUa,  Aubl.,  and  Tamarindus  indica^  L.  The  occurrence  of  crystals  in 
the  epidermis  of  the  leaf  has  already  been  discussed  above. 

Internal  secretory  organs  of  varied  nature  are  of  widespread  occurrence. 
Secretory  cells  with  various  contents,  mucilaginous  cells,  secretory  cavities  and 
secretory  canals  are  found,  while  tannin-sacs,  so  widely  distnbuted  in  the 
Papilionaceae,  are,  according  to  Dellien  and  Baccarini,  only  of  a  rudimentary 
type  or  do  not  occur  at  all. 

The  secretory  cells  frequently  cause  pellucid  dots  in  the  leaf,  and  are  of  ellipsoid 
shape  in  the  pabsade-tissue,  while  those  in  the  spongy  pSLrenchyma  usually  nave 
a  spherical  form.  In  Cassia  Blancketi,  Benth.,  they  are  situated  in  the  palisade- 
tissue  directly  below  the  upper  epidermis  of  the  leaf  and  possess  brown  tannmiferous 
contents  ana  mucilaginous  walls.  In  Diptychandra  (u,  auranHaca,  TuL,  and  D. 
glabra^  Benth.)  secretory  cells  filled  with  pale  yellow  contents,  which  are  soluble  in 
alcohol,  occur  in  the  mesophyll ;  WagaUa  spicaia,  Dalx.,  possesses  similar  elements. 
The  secretory  cells  of  the  following  plants  may  be  classed  with  those  just  mention^l : 
species  of  Caesaipinia  belonging  to  the  sections  Nugaria  (C.  Nuga,  Ait.),  Guilandina 
(C.  Bonducella^  Flem.,  C.  Bandac,  Roxb.,  C.  echinaia.  Lam.),  Sappania  (C.  Sappan, 
L..  C.  sepiaria,  Roxb.,  C.  f%Uckerrima,  Sw.,  C.  paucifiora,  Benth.  et  Hook.,  C.  Hilde- 
brandiii,  Baill.)  and  Couluria  (C.  tinctoria,  Domb.),  also  Cassaipinia  bahamensis, 
I^m.,  C.  Crista,  L.,  and  C.  Grakami,  Hort.  Calcutt.  inedit.,  Mexoneumm  cucuUaiumt 
W.  et  A.,  and  PUrolobium  iacsrans,  R.  Br.  Dellien  met  with  mucilaginous  cells  in 
the  mesophyll  in  Beriinia  acuminata,  Soland. ;  Cassia  GaUoUiana,  Martens ; 
Cercidium  Uxanum,  A.  Gray ;  Macrolobium  acaciaefolium,  Benth.,  Af.  ckrysosta- 
chyum,  Benth.,  Af.  guianensc,  Aubl.,  M,  laiifolium^  Vog.,  Af.  multifugum,  centh., 
Af.  pendulum,  Willd.  ;  Peltogyne  densiflora.  Spruce.  These  mucilaginous  cells 
usually  occur  immediately  below  the  epidermis  on  either  side.  Like  the  secretory 
cells,  secretory  cavities  are  iflso  fairly  widely  distributed.  They  are  throughout  of 
schixogenous  origin  (not  lysigenous,  as  Taubert  erroneously  states),  and  in  corre- 
8ix)ndence  with  this  fact  are  lined  by  a  distinct  epithelium.  In  the  case  to  be 
first  considered,  they  contain  a  yellow  resin  soluble  in  alcohol,  and  cause  transparent 
dotting  of  the  leaves  ;  e.  g.  in  the  genera  Copaifera,  Eperua,  Hymenoio^  Peltogyne, 
Prioria,  and  Trachylobium,  In  Cenostigma  (C.  Gardnerianum,  TuL,  with  its  var. 
latifolium,  Benth.,  and  C.  macrophyllum,  TuL)  and  the  following  species  of  Caesaltinia 
of  the  section  Caesalpinaria  (C.  bracteosa,  Tul.,  C.  laxiflora,  TuL,  C.  microphylla, 
Mart. .  and  C.  pvramidaJis,  TuL )  the  contents  of  the  secretory  cavities  are  of  a  different 
nature,  being  brown  in  colour  and  including  tannin,  and  consequently  producing 
oi>ac)ue  dots  in  the  leaf.  In  Copaifera,  according  to  Rhein,  Tschirch,  and  Guignard, 
the  socretor>'  cavities  are  partially  replaced  in  the  axis  by  secretory  canals.  While 
the  pnmar>'  cortex  of  the  branch  of  Copaifera  contains  a  ring  of  short  oil-cavities, 
and  oil -cavities  elongated  like  canals  occur  in  the  pith,  schizogenous  secretory 
canals  (schizolysigenous.  according  to  Sieck  ;  compare  Rhein's  statements  quoted 
below)  appear  m  the  secondary  wood  (but  not  in  the  secondary  cortex) ;  these  canals 
anastomose  with  one  another,  and  only  occur  in  the  spring-wood  ;  it  is  interesting 
that,  according  to  Guignard,  the  epitheual  cells  of  these  interxylary  resin-canals  are 
directly  formed  by  transformation  of  cambial  cells.  According  to  Rhein,  however, 
side  by  side  with  these  secretory  canals,  produced,  so  to  speak,  from  the  cambium, 
others  arise  subsequently  in  the  mature  tissue  of  the  wood,  by  the  schisogenous 
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The  varied  haiiT  coveitig*  coommuis  oi  ikwfcing  and  gbndnlar  hairs* 
remams  to  be  discoased.  TT>cdaractcti5tic«ii9eriatebaroo<tbcP^|»!^ 
with  ODe  or  a  few  slKxt  basal  cells  and  a  loog  tenmnal  ceD  have  not  ben  obsenned 
in  the  Caesalpimeae ;  oo  the  other  hand,  simpie  imirrnnhr  hairs  otf  varied  shape 
axMi  length  are  commoii.  Special  iormsoi  these  inncclbdar  hairs  are  the  loOowiiig: 
the  thin- waDedL  supei&iiahy  granulated  hairs  o<  Cmssm  Jiwifi.  WatSu,  which  are 
shaped  hke  a  proning-hook ;  the  short  hairs  otf  Cmssm  ccddewUUs^  L^  which 
have  a  wide  Inmen  and  are  corred  hke  a  horn ;  the  spear-shaped  hairs  of 
Dialium  pUtyitpmlmm^  Bak ,  both  looeitndinal  sides  ot  which  are  provided 
with  one  or  two  tooth-hke  prongs  towardb  the  end  otf  the  hair;  the  braclEet-hairs 
or  booked  hairs  in  species  otf  the  genera  ApmUU^  Diwiimm^  and  I^Mckem ;  lastly, 
the  two-armed  hairs  otf  Mriifnkmwerm^  Two-armed  lairs*  bicdhilar  owing 
to  their  being  provided  with  a  stalk-cdL  have  been  observed  in  a  qiedes  cS 
Baukinia  (B.  conffrti/lorM^  Benth.).  Of  the  trichomes  with  more  romphrated 
stmctore,  mention  may  first  be  made  otf  the  kog  bristle-hke  shaggy  hairs, 
which  consist  of  several  rows  of  ceOs  and  have  been  observed  in  Cmssim  secmndA^ 
Benth.,  and  C.  obUdA,  Benth.  In  other  species  of  the  same  gemis  lC4usiM 
aunviUa^  Uart^  C.  fuscesc^ns,  BentlL,  C.  vtUosm^  llilL)  hairs  of  a  steDale  or 
tufted  nature  occtn-.  These  consist  of  an  emergence  of  variable  siae,  at  the 
apex  of  which  more  or  less  numeroos*  simple,  nnioelhilar  hairs  are  inserted  in 
a  stellate  or  tufted  manner.  Trichomes,  branched  hke  a  fir-tree,  occnr  in 
Cenostigma  ;  they  are  formed  by  an  emergence,  resembling  a  stem,  in  which 
numerous  simple  uniseriate  hairs  are  sunk,  and  stand  out  lue  branches. 

With  the  hairs  of  Cassia  secumda^  &c^  referred  to  above,  other  shaggy 
hairs  having  a  elandular  function  must  be  classed ;  the  base  of  these  haiis  is 
spherically  swoUen  and  is  composed  of  numerous  polyhedral  ceUs.  The  filiform 
end  of  the  hair,  attached  to  this  spherical  basal  portion,  omsists  of  a  few 
rows  of  cells  and  forms  either  the  apical  {Cassia  Irackycarpa^  Voe.,  Fig.  63,  A) 
or  the  lateral  {Cassia  catkartica^  Mart.)  continuation  of  the  ^andular  b^al  part 
Glandular  hairs  of  this  land  were  met  with  by  Ddhen  in  a  considerable  num- 
ber of  species  of  Cassia.  In  the  glandular  shaggy  hairs  of  some  other  species 
of  Cassia  (C.  aurivilia^  Mart.,  Fig.  03,  B,  C.  fuscesccns^  Benth.,  and  C.  s€lo$a,  Vog.) 
a  peculiar  phenomenon  occurs,  as  the  epidermal  cdls  of  the  ^andular  b^ 
are  in  part  produced  into  simf^e  unicdlular  hairs.  Lastly,  in  Cassia  gemimaia, 
Benth.,  the  glandular  shaggy  hairs  are  placed  on  fiUform  multiseriate  emergences, 
the  superfiaal  cells  of  which  are  likewise  in  part  elongated  into  unicellular  hairs. 

The  remaining  external  glands,  occurring  in  the  Caesalpinieae,  may  be  sub- 
di\ided  into  the  following  types.  Large  duh-shaped  glands,  visible  even  to  the 
naked  eye  and  consisting  of  numerous  polygonal  cells,  are  found  on  the  margin 
of  the  leaf  in  the  Gleditschieae  and  in  Cassia  occidentalism  L.,  and  in  the  former  are 
supported  at  their  base  by  simple  unicellular  hairs.  Glands,  which  correspond 
in  structure  with  the  glandular  basal  portion  of  the  shaggy  hairs  described  above, 
have  been  observed  in  Cassia  incurvaia,  Benth.,  Pomaria  glandulosa^  Cav. 
{szCacsalpinia  bijuga^  Sw. ;  in  this  case  sunk  in  emergences  of  the  leaf- margin) 
and  in  some  species  of  Caesalpinia^  belonging  to  the  section  Caesalpinmria 
(e.  g.  C.  bracteosa^  Tul.) ;  in  these  last  they  l^ve  a  distinct  multiseriate  stalk  of 
variable  length.  A  further  type  of  gland  is  represented  by  the  shortly  stalked 
boat-shaped  glands  of  many  species  of  Baukinia  (Fig.  65,  C),  which  exhibit  an 
intercellular  secretory  space  ^^ithin  a  one-layered  sheath,  the  cdb  of  which 
are  polygonal  in  surface-view.    A  special  form  of  gland  occurs  in  Cassia 
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negUcia^  Vog.,  namely*  one  shaped  like  a  fiddle  with  a  smaller,  approximately 
spherical  basal  portion  and  a  Isurger  terminal  part,  both  parts  being  composed 
of  polygonal  ceUs.  The  following  glands  are  coUectivdy  <Ustinmished  from 
those  so  far  described  bv  their  small  size.  They  may  be  subdivided  into  stalked 
and  sessile  forms  ;  the  latter  only  project  slightly  alK)ve  the  surface  of  the  organ 
and  mav  therefore  also  be  described  as  depress^  glands.  The  stalked  glands, 
better  described  as  those  that  project  above  the  surface  of  the  organ,  include  the 
club-shaped  few-celled  glandular  hairs  of  Dialium,  Sclerolobium^  and  Tachigalia^ 
as  well  as  those  with  a  unicellular  stalk  and  a  head,  which  is  unicellular  or  may 
be  two-celled  owing  to  the  presence  of  a  vertical  wall  (ApuUia  praecox^  Mart.). 
The  depressed  glandular  hairs  include  the  multicellular  retort-shaped  hairs  of 
Berlinia  angoUnsis,  Welw.,  and  Humboldiia  Baillonii^  Schweinf.  (Fig.  63,  D), 
which  have. a  spherical,  multicellular  and  glandular  basal  part,  penetrating  deep 
into  the  mesophyll,  and  a  short  neck-portion,  which  only  projects  a  Uttle  above 
the  surface  of  the  leaf,  and  is  formed  by  a  laterally  directed,  hair-Uke,  terminal 
cell ;  to  this  type  also  belong  the  trichomes  of  Berlinia  acuminata^  Soland., 


Fir..  At.  Spcrtal  forma  ollMi»  of  certain  CaeMml^tmUa*  A,  Glaadalar  akauy  hair  of  Cmstim  trmckymrfm^ 
V«f  .  B.  GiAiKlalar  di«RT  hair  of  CmaH*  mmrnn'IU,  Mart. :  c,  Boal-ahaprd  f  laod  with  inlercrllaUr  Mcretory  apftcc 
or  hsmAim^  Bm^fmrM^^trmd. :  D,  BitrmaJ  glAixi  of  tW  kaf  of  HmmboUtU  Brntiimtti,  Sckwriar-Oriciiial 

Ihcorynia  parainsis^  Benth.  and  HeUrosUmon  mimosaides^  Desf.,  which  are 
quite  similarly  constituted.  Finally,  mention  may  be  made  of  (a)  the  glandular 
structures,  which  produce  the  black  dotting  of  the  lower  side  of  the  leaf  in 
Caesalpinia  GMiesii,  Wall.  ;  the  epidermis,  which  is  somewhat  arched  outwards 
at  this  point,  and  the  |X)lygonal  secretory  cells  lying  below  it,  are  concerned 
in  the  formation  of  these  glands ;  (b)  the  large  and  very  variously  shaped 
nectarial  glands  on  the  leaves  of  many  species  of  Cassia^  the  secretory  tissue 
having  no  typical  palLsadc-like  epithelium  in  Cassia  Canca,  Cav.  (according  to 
Morini) ;  and  (c)  the  pearl-glands,  ohser\*ed  by  Meyen  on  the  stem  of  Baukinia 
anai/>mica,  which  agree  in  their  structure  with  the  well-known  pearl-glands  of 
the  Cecropieae. 

The  structure  of  the  p«tioU  has  hitherto  only  been  investigated  in  some  species 
of  BauMtnia,  Caesaiptnia,  Cassta,  Ceratonia,  Cercis,  Copat/era,  and  Tamahnaus  by 
P^ut.  The  course  and  arrangement  of  the  fibro- vascular  system  varv.  In  tome 
cases  the  same  types  of  transverse  section  as  in  the  arborescent  npilionaceae 
are  found  in  the  characteristic  reeion ;  but  in  other  cases  {Baukinia,  Cercis)  more 
compbcated  conditions  occur.    A  few  facts  only  need  be  noted  here  with  respect  to 
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the  two  tpemen  Ism. 

bttte  ol  tike  y^»K^ 

tkroa^fii  tJie  pttxJkt 

tvo  ceooeatnc  ns^i*  t^  aaer  d 

pcmnkM  oi  «ocd  usid  base ;  iMthr.  ia  t^ 

conwiTi  Q<  fcwr  aro  <rf  wood  and  bat^     " 

to  tike  kae  c€  ifauueixr  o< 

tliar  boDft-poftiooa  tsrsod  ti 

tliar  boDSt-portiooK  diicctad  octmdi^     Is 

•jrsusfli  bc^jtas  witii  tine  floisXBd  Taacsiar  bi 

a  ria^  wUe  aear  tJfte  cbaractEZBDc  regna  tbt  Hbro-' 

rbifi  of  wood  and  ba^  and  iMthr,  im  tike  ffhtrarir 

of  wtoch  tlie  middle  oae  »  opea  tovanSi  die  appcr  aoe. 

3.  Stsccixiz  of  the  Axis.  Tbe  siiuume  otf  the 
vcstigated  espedaDy  by  Mofler,  Sokredo;  and  Sanpe.  The  vessels  have 
hunma  of  vaned  sue,  which  is  often  oonsaderabfte  in  the  Kanes»  and  have  ex- 
doBvehr  simple  pcrloratioas.  Sieve4ike  stnKtnre  otf  the  bofdged  cits  otf  the 
vesseb  has  been  observed  by  me  in  species  of  AmhttUtM^  Cmssut^  and  tymatmitwA, 
According  to  Sai^>e,  tncheides  oocasKxiaDy  occor  in  the  Cacsalfxnieae  (qi^^ 
Gymmodadus^  GUdUsckuL,  and  Cems),  and,  hke  the  pitted  vessds  with  narrower 
lamina,  are  spirally  thirkmrd.  The  mednOary  rays  are  mostly  narrow,  tspt- 
ciaUy  in  herfaarinm-brancfaes.  Bat  in  older  stems  otf  species  <n  Hmnmrntoxyim^ 
Gymnodadus,  GUdUscAU,  and  C^idoiretus^  medoDary  rays  five  to  eight  a^  in 
breadth  are  mentioned  by  Sanpe.  In  the  cases  investigated  by  him,  the  ceOs 
of  the  medaOary  rajs  are  of  onifonn  nature,  being  smaU  and  roanded  in  tan- 
{[ential  section.  A  tier-like  arrangement  of  the  medoDary  ravs  has  been  observed 
m  species  of  Cassia^  CaesalpimOy  Cercis  and  Cmuloinims  (HohnH  and  Suipe). 
Wood-parenchyma  is  not  uncommonly  devek>ped  in  abundance,  frequently  in 
the  form  of  tangential  bands ;  e.  g.  accordim^  to  MoUer,  in  species  of  Hmems- 
toxylon,  Caesalpinia  pro  parte,  Dicoryma^  tpewtui^  Bamkima^  Deimium  and 
GUdiischia^  and,  according  to  Saupe,  also  in  spedes  of  Bromnem^  Cmssim  pro 
parte,  Cercis  and  Hymenaea,  Oystal-contaming  parenchyma  has  been 
observed  in  species  of  Bauhinia  and  Cercis.  The  wood-prosenchjnauu  as  in 
the  rest  of  the  Legmninosae,  has  simfde  pits  throughout.  Transverse  beams 
of  a  gelatinous  nature  have  been  observed  in  the  wood-proscnchyma  of  spedes 
of  Bauhinia  (Saupe) ;  a  gdatinous  layer  of  the  ceD-wall  likewise  occurs,  for 
examine,  in  Bauhtnia,  In  the  coloured  woods  (Caesalpinia  eckinaia^  Lam.  and 
Haemaloxylon  campechianum^  L.)  the  ccdouring  matter  is  chiefly  stored  in  the 
walls  of  the  wood-prosenchyma.  Septation  of  the  wood-prosenchyma  by  thin 
croHvwalls  is,  according  to  De  Bary,  found  in  Ceratania  Siliqua^  and,  according 
to  Saupe,  in  spedes  of  Bauhinia.  According  to  Saupe,  fibrous  cells,  iidiich 
store  up  starch,  occur  in  spedes  of  Cassia^  Caesalpinia  (Guilandina),  Bamkinia, 
Ceratania^  Hymenaea  and  Braumea. 

The  structure  of  the  cortex  has  been  investigated  by  Hdller  in  spedes  of 
Gledilschia,  Gymnocladus^  Caesalpinia^  Tamarimlus,  Cassia^  Bamkinia  and 
Ceratania,  Dellien  also  makes  some  noteworthy  statements  on  this  subject 
According  to  MdUer,  the  cork  arises  subepidermally  in  Gymnodadus  canadensis^ 
Lam.,  Tamarindus  indica^  L.,  Cassia  auriculaia^  L.,  Bauhinia  aculeata^  VeU^ 
Ceratonia  Siliqua^  L.,  and  in  the  second  or  third  cell-layer  of  the  orimary 
cortex  in  Glediischia  ntonosperma,  Walt.  The  cork-cells  are  strongly  &ittened 
in  Glediischia  and  Tamarindus,  less  so  in  Bauhinia  and  Gymnocladtts^  cubic 
in  Cassia  and  Ceratonia.  They  have  thin  walls  in  Glediischia  and  Bauhinia^  and 
somewhat  thicker  ones  in  Gymnodadus  ;  the  walls  are  uniformly  sderosed  on 
all  sides  in  Cassia,  thickened  on  one  side  in  Ceratonia  (on  the  inner  tangential 
wall)  and  in  Tamarindus  (on  the  outer  tangential  wall).  In  almost  all  the 
genera  and  spedes  investigated  by  Dellien,  a  composite  and  continuous  sderen* 
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chymatous  ring  is  present  at  the  outer  limit  of  the  bast.  Baukinia  farficaia. 
Link  {B,  acuUata^  Veil.)  alone  forms  an  exception  to  this,  while  in  other 
Bauhinias  the  composite  and  continuous  sclerenchymatous  ring  is  present. 
The  outer  part  of  the  primary  cortex  is  occasionally  differentiated  as  collen- 
chvTna.  Stone-cells  also  occur  in  the  primary  cortex  (species  of  Gleditschia^ 
Gymnocladus).  Solitary  crystals  are  chiefly  found  in  connexion  with  the 
scltTench>Tnatous  ring.  Hard  bast  is  not  uncommonly  developed  in  the 
secondary  bast,  and  is  occasionally  stratified.  Solidly  constructed  plates  of 
bast-fibres,  which  are  >%idely  distributed  in  the  Papihonaceae,  are,  however, 
absent  here.  In  Caesalinnia  echinaia^  Lam.  the  bands  of  bast-fibres  are  replaced 
by  group  of  stone-cells.  SoUtary  crystals  are  of  frequent  occurrence  in  the 
bast  ;  side  by  side  wth  them  clustered  crystals  are  occasionally  present.  The 
sieve-tubes  are  shortly  articulated,  and  have  scalariform  sieve-plates.  Ac- 
cordmg  to  Baccarini  the  sieve-cells  of  Cassia  and  Poinciana  contain  tne  mucilage- 
bodies  discovered  by  Strasburger;  they  are  more  widely  distributed  in  the 
Papilionaceae,  where  they  were  described  in  detail  *.  The  medullary  rays  of  the 
bast  are  frequently  broadened  to^-ards  the  exterior  and  never  become  sclerotic 
between  the  groups  of  bast-fibres. 

Anomalous  stem-stmctures  are  not  very  frequent  and  are  essentially 
restricted  to  the  stems  of  certain  spedes  of  Baukinia,  Ai>art  from  these,  some 
s[>ecies  of  Cassia  possess  grooved  stems  \  viz.  Cassia  quinquangulata^  Rich., 
according  to  Criiger,  and  C.  angulaia,  Vog.,  according  to  H.  Schenck.  Among 
the  Batihinias,  some  of  the  species  are  characterized  by  normal  structure  of 
the  axis.  Some  of  these  have  band-shaped  or  winged  and  undulated  stems 
(Fig.  64,  A-B).  According  to  H.  Schenck,  Baukinia  Blumenaviana^  H. 
Schenck  is  referable  to  this  type,  and,  according  to  the  same  author,  the  piece 
of  stem,  described  by  Warburg  under  the  name  Caulotretus  keierophyllus^  be- 
longs to  the  same  species  of  Baukinia,  The  band-shaped  stems  of  this  species 
are  produced  during  the  growth  in  thickness  of  the  young  branches,  owm^  to 
the  cambium  being  confined  to  two  opposite  sides — the  ultimate  narrow  sides 
— of  the  stem,  while  on  the  broad  sides,  in  the  median  line  of  which  the  leaves 
and  branches  are  inserted,  little  secondary  growth  in  thickness  takes  place. 
Otherwise  the  growth  is  completely  normal,  as  has  already  been  mentioned. 
Formation  of  ^ings  and  ribs  on  the  broad  sides  is  also  occasionally  found  in 
the  older  stems.  As  regards  the  anatomy  of  these  band-shaped  but  otherwise 
normally  constructed  stems,  we  may  add  that  there  is  a  ring  of  dense  wood 
around  the  pith,  which  is  of  cruciate  shape  in  all  the  Baukinias\  while  the 
}>ehaxial  wood,  present  in  the  wings,  is  of  looser  structure  and  is  characterized 
by  the  presence  of  vessels  ^ith  wide  lumina,  and  thin-walled,  unlignified  wood- 
parenchvma.  In  some  other  species  of  Baukinia  successive  formation  of  new 
z()ni*s  of  growth  has  been  observed,  e.  g.  according  to  H.  Schenck,  in  B.  rubi- 
Cin/)^ii,  Bon^.  and  B,  anguiosa^  Vog.,  and,  according  to  Brandis  and  Gamble,  in 
B.  Vahlii,  W .  et  A.  In  the  two  spedes  first  mentioned  the  secondary  formation 
h.i<  IxH-n  sho^i-n  to  take  place  in  the  pericycUc  parenchyma  on  the  inner  side 
ot  thf  sclerenchymatous  ring.  In  the  older  stems  of  B.  angulosa  subsequent 
tlilatation  lakes  place  in  the  outer  part  of  the  wood,  and  it  is  not  improbable 
that  ti.NMon  of  the  mass  of  wood  may  set  in  in  still  older  stems.     A  third  group 


*  liaccanni's  ttatetncnt  that  the  macilage-bodies  are  not  cootained  in  the  ucvc-tnbes  of  tbc 
(  acvilf-incae  tft  mcnrrrct,  tnd  is  to  be  attribatcd  to  the  (Mtt  that  Baccarini  appears  not  to  be  aware 
that  (  at  J  ai.«i  Ptimiama  are  not  memben  of  the  Papilionaceac  but  of  the  fonner  tob-order. 

*  The  y«un|{  branches  of  the  species  cuocemed  are  not  groored. 

'  Acxitnhng  to  Heiail  yoang  blanches  of  Haukinia  $ft(Usa  have  a  foor-lobed  croM-section  corre> 
^{•«>n<iin):  to  the  cnicute  cross-icction  of  the  pith,  around  which  the  wood,  bast  and  phmar>'  cortex 
arc  ui.itcirnily  lieveloped.     Snbwqnently  the  wood  becomes  ronndcd  off  in  conseqacncc  of  growth  in 
:.  kDr«t.  and  the  branch  bccocics  cylindrical. 
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of  Bauhinias  shows  fission  of  the  xylem-mass  of  the  stem  (Fig.  64*  C).     Of  the 
representatives  of  this  type,  the  only  one  detennined  with  certainty  is  B. 


Fig.  64.  A.  Wtnfed  and  andalAled  Mrm  of  SmmAmis.  tp.  (H.  Schcock,  collection  of  wood^  ao.  167)1. 
■  BsnAtmtm  rubiftmom^  Bon[;.  c.  Split  ivIem-maM  of  BmmAimt€  Ijmngtdorffimnm^  Bong.  A  aad  •,  iwtsnl  abr. 
c  approsimatcly  oalaral  aiae.— After  H.  Scbeock. 

Langsdorffiana,  Bong.,  collected  by  H.  Schenck.     Iq  this  spedes  the  fission  of 
the  wood  commences  with  the  dilatation  of  the  thin-walled  wood-parenchyma ; 
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the  segments  of  wood,  thus  separated*  become  surrounded  by  a  cambium, 
which  produces  wood  internally  and  bast  externally ;  they  subsequently  undergo 
further  fission.  During  this  breaking  up  of  the  wood  the  central  mass  of 
xylem  either  remains  unaffected  or  may  also  become  divided  up.  According 
to  Warburg  (and  contrary  to  Criiger's  statements)  fission  of  the  wood  in  the 
Bauhinias  occurs  not  only  in  the  stem  but  also  in  the  root. 

Note. — With  regard  to  the  structure  of  the  root.  Van  Tieghem  mentions  the 
occurrence  of  a  supporting  network  ('  rdseau  de  soutien  ')  in  the  main  roots  of 
species  of  Cassia  {C.  fioribunda,  C.  flarida,  and  C  folyaniha),  A  layer  of  cells  in 
the  primary  cortex,  situated  immediately  outside  tne  endodermis,  is  characterized 
by  tne  fact  that  the  middle  portion  of  the  radial  and  transverse  walls  of  the  cells 
have  bonified  ridge-like  thickenings,  which  meet  at  the  comers  and  correspond  in 
neighbouring  cells,  and  in  this  manner  form  a  tangentially  placed  network  with 
rectangular  meshes. 

III.    MIMOSEAE. 

I.  Review  OF  THE  Anatomical  Features.  The  few  anatomical  characters 
which  distinguish  all  members  of  the  Mimoseae  are  such  as  either  belong  to 
the  other  Leguminosae  also,  or  are  at  least  present  in  a  certain  number 
of  the  PapiUonaceae  and  Caesalpinieae.  Of  these  the  following  may  be  men- 
tioned :  the  type  of  stoma,  which  is  accompanied  by  subsidiary  cells,  placed 
parallel  to  the  pore ;  the  universal  presence  of  variously  shaped  glandular 
nairs ;  the  superficial  development  of  cork ;  the  composite  and  continuous 
sclerenchyma-ring  in  the  pencycle ;  the  simole  perforations  of  the  vessels ; 
and  the  wood-prosenchyma  with  simple  pits.  Oxalate  of  lime  is  mostly  present 
in  the  form  of  soUtary  crystals,  which  either  exhibit  the  ordinary  rhombohedral 
form  or  a  styloid-Uke  shape,  and  are  occasionally  embedded  in  thickenings  of 
the  cell-wall ;  clustered  crj'stals  have  only  been  observed  within  the  genera 
Mimosa  and  Pipiadenia.  The  internal  secretory  system  is  much  less  developed 
than  in  the  Papilionaceae  and  Caesalpinieae.  dacs  with  wide  lumina  and 
various  contents  are  common  in  the  soft  bast ;  they  correspond  to  the  well- 
known  tannin-sacs  of  the  Papilionaceae ;  further,  in  certain  species  of  CaUiandra, 
PeniacUtkrm,  Piihecolobium  and  Prosopis^  secretory  cells  occur,  and  in  species 
of  Piihecolobium^  secretory  cavities  surrounded  by  bracket-cells.  The  hairy 
covering  consists  of  simple  and  compound  clothing  hairs  and  of  glandular  hairs. 
The  simple  clothing  hairs  are  unicellular  or  unisenate  ;  special  forms  are  :  one- 
armed  hairs  {Xylia,  Inga)  and  unicellular  hooked  hairs  (Lalliandra),  The  com- 
pound clothing  hairs  (see  Fig.  65,  A-C)  are  represented  by  variously  constituted 
shaggy  {Mimosa)  and  tufted  hairs  {PeniacUtkra^  Prosopis),  In  like  manner 
the  glandular  hairs,  which  are  universally  distributed,  exhibit  various 
forms  ;  in  these  hairs  the  head,  apart  from  the  details  of  its  structure,  may  be 
ellipsoid,  spherical  or  peltate ;  peculiar  branched  glandular  hairs  have  also 
been  obser\'ed  {Mimosa  Spruceana,  Benth.,  Fig.  65,  D-E),  Beyond  the 
occurrence  of  medullary  vascular  bundles  with  concentric  structure  in  EUpkan- 
iorktza  BufcluUii,  Benth.  and  of  furrowed  stems  in  some  species  of  Acacia  and 
Ptpiadcnia^  anomalous  stem-structure  is  found  only  in  the  genus  Eniada^  in 
which  bundles  of  sieve-tubes  arise — probably  by  subsequent  divisions^ — in  the 
secondary  wood.  It  remains  to  be  mentioned  that  numerous  anatomical 
characters,  especially  those  presented  by  the  leaf-structure,  are  of  value  for 
more  special  diagnosis.  Among  these  we  may  include  :  papillose  differentiation 
of  the  epidermis  of  the  leaf  (in  species  of  AUnzzia,  CaUiandra,  Enierolobium^ 
Mimosa^  Pitkecolobium^  Shyphnodendron) ;  gelatinixation  of  the  eiMdermis  of 
the  leaf  (in  species  of  almost  all  the  genera,  see  below) ;  division  of  the 
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?>i(lerma]  cells  of  the  leaf  by  means  of  ddicate  vertical  waDs  {AOnzzia^ 
nUroMnum) ;  occurrence  of  crystals  in  the  epidennis  of  the  leaf  {ParkU 
fUicoidea^  Welw.) ;  silicification  of  cdls  of  the  epidermis  or  mesophyO  (in  species 
of  Calliandra  and  PMecolobium);  difierentiation  of  a  middle  laj^er  in  the 
mesophyll ;  occurrence  of  sderenchyma-fibres  in  the  leaf-tissue  (in  species 
of  Affansca^  Calliandra^  I^a,  Parkia^  Piikuolobium,  Prosopis^  Sclmankia  and 
Siryphnodendron) ;  and  lastly  the  varied  structure  of  the  trichomes. 

2.  Stkucture  of  the  Leaf.  The  leaf-structure  has  been  investigated 
especially  by  Coester  \  whose  observations  are  shortly  reproduced  in  the  follow- 
ing description. 

With  regard  to  the  integumental  tissue  it  is  noteworthy  that  hypoderm 
has  not  been  found  in  any  member  of  the  Mimoseae.    The  outline  of  the  e^a- 
dermal  cells  in  surface-view  varies.     Subpapillose  difierentiation  of  the  eja- 
dermal  cells,  espedaUy  of  those  on  the  lower  side  of  the  leaf,  is  not  unconunon ; 
it  is  described   by  Coester  in  the  case  of  spedes  of  Eniada^  Plathymcnia^ 
Pitiadcnia^  Strypnnodendnm^  Gagnebina^  Elepkafdorhiia^  Prosopis^  LeucaenA^ 
Adenanthera^  Lysihma^  Calliandra^  Serianihes,  AUnzxia,   PiihecoMnmn^    and 
Enitrolobium.    In  other  spedes  typical  papillae  are  formed,  but  exdusively 
on  the  lower  side  of  the  leaf.    In  this  case  the  papillae  are  dther  short  and 
hemisphencal  (Stryphnodendron  polypkyllum.  Mart,  S.  floribundum^  Benth. ; 
Calliandra  lanaia,  Benth.,  C.  scuUUifera,  Benth. ;  PiikMlobium  corymbosum^ 
Benth.,  P.  microcarpum,  Benth.,  P.  paroifolium^  Benth.,  P,  Saman^  Benth. ; 
Mimosa  obavaia^  Benth. ;  EnUrolobium  ellipUcum^  Benth.,  and  E.  Timbomm^ 
Kart.),  or  mammiform,  owing  to  the  middle  portion  of  the  outer  wall  alone 
m-otrudingjtilf iiNOsa  Spruuana^  Benth. ;  Albizxia  ferruginea^ Benth.,  A,  pallida^ 
Foum. ;   Piikecolobium  marginatum^  Benth.,  P.  montanum^  Benth.,  P.  poiyu- 
phalum^  Benth. ;  EnUrolobium  Schamburgkii,  Benth.),  or  finger-shaped  {Pitke- 
colobium  Clypearia^  Benth.,  P.  trapcxifolium^  Benth. ;  Albizxia  procera,  Benth.). 
The  cutide  is  occasionally  smooth,  but  in  most  cases  it  is  covered  with  verm- 
cose  or  granular  irregularities.    Now  and  then  deposits  resembling  wax  sive  the 
leaves  a  whitish  appearance,  e.g.  in  Acacia  culirifarmis^  A.  Cunn.,  or  Mimosa 
rigida^  Benth.    A  difierent  condition  of  the  leaf-surface,  in  which  it  appears 
coated  with  varnish,  is  caused  dther  by  resinous  excretion  from  glandular  hairs 
(Acacia  dodonaeifolia^  Willd.)  or  by  the  structure  of  the  cutide  it^f  (in  Mimosa 
calodcndron.  Mart.,  M.  calothamnus^  Mart,  and  others).    The  outer  walls  of  the 
epidermal  cells  are  in  many  cases  (spedes  of  Acadae  Phyllodinae,  Calliandra 
and  Mimosa)  considerably  thickened.    In  some  spedes  of  Acacia  and  Mimosa 
these  outer  walls  form  ridge-like  external  projections,  dther  on  the  whole 
surface  of  the  leaf  or  only  in  the  neighbournood  of  the  stomata.    The  imier 
walls  of  the  epidermal  cdls  are  only  rardy  (Calliandra)  strongly  thickened ; 
gdatinization  of  the  inner  walls,  on  the  other  hand,  is  of  more  frequent  occur- 
rence, and  has  been  observed  in  spedes  of  Parkia^  Entada^  Stryphnodendron, 
Pipiadenia,  EUphantorhiza,  Adcnanthera^  Dickrosiachys^  Neptunia^  Sckrankia^ 
Leucaena,    Desmanihus^    Mimosa^    Acacia^   Lysiloma^   Serianikes^    Calliandra^ 
Albizzia  and  PilMccoMnum.    Occasionally  (Mimosa^  Acacia)  a  few  cellulose- 
lamellae  are  still  retained  in  the  mucilaginous  membranes.    Secondary  division 
of  the  epidermal  cells  by  delicate  verticd  walls  is  not  common.     It  is  of  very 
regular  occurrence  in  EnUrolobium,  where  the  cells  are  often  divided  into  from 
4  to  8  chambers;  in  Albizzia  ferruginea,  Benth.,  in  addition  to  the  vertical 
divisions,  others  occur,  which  are  parallel  to  the  surface  of  the  leaf,  and  in  this 

*  Coester*!  tovettigationt  cxtcod  to  numcroiis  ipedet  of  the  foUoving  i^erm :  f .  Parkkae :  Pemis- 
tUtkra,  Parkia\  a.  Piptmdenieme :  Eniada^  Plaikywuma^  Pipiadenia\  3.  AdenaDthcreae :  A>/m, 
Stryfknodendnm^  Adenantkera^  RUphaniorhita^  Gcgnthina^  Pri^pit^  Dukrmtmek9i^  Kt^mmim\ 
4.  Lotnimoteae:  Distmmikus,  Mim^a,  Sckrmmkia,  Lrmtoims:  5.  Acmdeae:  Acmami  6.  Ingtftc: 
LysiUma,  Caliiatidra,  Albitna^  PUkurUkium^  EnUrpU^mm^  S^rimmikss,  Ingm  and  Afmum. 
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species  the  papillae  have  similar  division-walls.  Special  contents  of  the  epi* 
dermal  cells,  viz.  crystals  of  oxalate  of  lime»  have  been  observed  in  Parkia 
fUicoidea,  Welw.,  where  they  have  a  columnar  shape.  Silicification  of  epi- 
dermal  celk  and  of  subjacent  cells  of  the  palisade-tissue  occurs  in  species  of 
Calliandra  and  Piikecolobium. 

The  stomaUt  are  often  restricted  to  the  lower  side  of  the  leaf;  e.g.  in  the 
Parkieae,  Ingeae  and  some  of  the  Adenanthereae,  isolated  occurrence  of  stomata 
above  the  veins  being  disregarded.  On  the  other  hand,  the  Eumimoseae,  the 
Acacieae  and  the  senera  Neptunia  and  Dickrostackys  belonging  to  the  Adenan* 
thereae,  have  uniform  distribution  of  the  stomata  on  both  sides  of  the  leaf. 
To  some  extent  this  distribution  of  the  stomata  stands  in  relation  to  the  size 
of  the  pinnules.  The  large  leaflets  of  the  Ingeae  have  stomata  on  the  lower 
surface  only ;  the  narrow  and  small  leaflets  of  the  Mimoseae  have  them  on  both 
sides.  In  the  narrow  pinnules  and  phyllodes  the  stomata  are  frequently  ar- 
ranged  parallel  to  one  another  and  to  the  midrib.  Coester  observed  a  peculiar 
disposition  of  the  stomata  in  Piptadenia  peregrina,  Benth.,  P.  macrocarpa^ 
Benth.,  Mimosa  rkodostackya^  Benth.,  Af.  somnians^  Humb.  et  Bonpl.,  and 
St.  trijuga^  Benth.  In  these  plants  the  stomata  on  the  lower  side  of  the  leaf 
are  found  crowded  together  at  the  bases  of  the  leaflets,  whilst  those  on  the 
upp)er  side  are  present  in  large  numbers  at  the  tip  of  the  leaflets,  the  re- 
maining  parts  of  the  lower  and  upper  side  respectively  being  free  from  stomata. 
Thi>  peculiar  disposition  of  the  stomata  may  possibly  be  connected  with  the 
manner  in  which  the  leaflets  cover  one  another  in  the  sleep-position.  In 
Mimosa  cruenta,  Benth.,  at  any  rate,  this  has  been  shown  to  be  the  case.  In 
this  species  the  stomata  occur  on  the  whole  of  the  upper  surface,  but  only  on 
one  longitudinal  half  of  the  lower  side  of  the  leaflets  ;  the  lowest  leaflet  has  no 
stomata  at  all  on  its  lower  side.  These  features  correspond  ^ith  the  sleep-position 
of  the  leaves  in  the  species  in  question,  the  parts  of  the  epidermis  which  bear 
stomata  being  covered,  while  the  parts  free  from  stomata  are  not  covered 
during  sleep.  As  has  already  been  stated  in  the  general  diagnosis,  the  occur- 
rence of  two  subsidiary  cells,  which  are  placed  i>arallel  to  the  pore,  is  charac- 
teristic of  the  stomata  of  the  Mimoseae.  This  type  is  occasionally  {Acacia 
actnacea^  Lindl.,  Piikecolobium  bigeminum^  Mart.)  somewhat  obscured,  owing  to 
secondary  di\nsions  having  taken  place  transversely  or  obliquely  to  the  direc- 
tion of  the  pore.  The  stomata  lie  either  in  the  plane  of  the  epidermis,  or 
dre|)er  than  the  subsidiary  cells ;  deep  depression  of  the  stomata  with  formation 
of  a  vestibule  has  been  obser\'ed  in  LysUoma  and  in  the  Acacias  with  phyl- 
lodes. In  the  plants  last  mentioned  the  guard-cells  are  very  frequently  pro- 
vided ^ith  strong  thickening-ridges. 

The  metophyll  is  bifacial  or  centric  in  structure.  As  in  the  case  of  the 
po>ition  of  the  stomata,  the  leaf -structure  also  stands  in  relation  to  the  shape 
and  size  of  the  leaflets.  The  large  pinnules  of  Inga  are  bifacial ;  small  narrow 
leaflets  arc  centric  in  structure.  The  mesophylf  in  the  phyllodes  of  Acacia^ 
which  are  vertical  in  position,  also  sho^-s  centric  differentiation.  The  following 
statements  may  be  made  regarding  special  features  in  the  mesophyll.  In  the 
palisade-tissue  solitary  crystals  are  not  very  rare;  when  they  are  present, 
the  cells  concerned  are  divided  up  by  cross- walls  into  chambers,  each  of  which 
contains  one  crystal,  which  Ls  usually  embedded  in  a  local  thickening  of  the 
cell- wall.  In  Calliandra  fasciculaia,  Benth.,  masses  of  silica  have  been  observed 
in  the  palisade  and  spongy  parenchyma.  Many  species  possess  a  middle 
layer,  distinguished  from  the  remaining  layers  of  the  leaf-tissue  by  the  small 
amount  of  chlorophyll  it  contaias,  and  frequently  characterized  in  the  dried 
leaf  by  brown  tanniniferous  contents.  A  middle  layer  has  been  observed  by 
Coester  in  species  of  EUpkaniorkiza^  Prosopis^  Leucaena^  Acacia,  Lysiloma, 
Mimosa,  Calliandra  and  Piikecolobium.     In  the  phyllodes  of  Acacia  it  consists 
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of  cells  with  rather  thick,  pitted  walls.  Another  pecnliaiity  of  the  mesophyll 
is  the  occnrrence  of  sclerenchyma-fibres.  These  elements  are  comiected  with 
the  sclerenchyma  of  the  veins,  and  are  either  abundantly  devdmed,  traverang 
the  whole  of  the  mesophyll  and  spreading  out  below  the  epidermis  on  both 
sides,  or  are  only  scantily  developied,  penetrating  bot  shgfatly  into  the  leaf- 
tissue. 

Coester  met  with  sckrenchyma-fibres  of  the  first  kind  in  the  following  species : 
Inga  flageJiiformis,  Mart.,  /.  keUropkylla^  ^HkL,  /.  ImUwifiorm^  Miq.,  /.  Jomgifiowm. 
Spmce,  /  macfofhyUa.  H.  et  B.,  /.  maw^nmU^  WilkL,  /.  myrimmikm^  Poepp.  et 
EodL.  /.  nUida^  wilkL,  /.  obtusaia^  Spmce,  /.  quaUmsU^  Poepp.  et  End!,,  /.  Mftn/i- 
fera,  DC.,  /.  ^etifera,  DC ,  /.  spUndens,  ^^llkL,  /.  sUfmlsrts,  DC,  PWucalobtmrn 
auriculaium^  Benth.  and  P.  camt^stwe,  Benth. ;  those  of  the  second  kind  in  :  Affonum 
juiglaHdifolia^  St.  HiL,  CaUiandra  tenuiflotA,  Benth..  nnmeroiis  species  of  Inga^ 
e.g.  /.  affints,  DC.,  Parkia  oppositifoiia^  Spmce,  Pfosapis  spicigera^  L.,  P.  Stepkantana 
Kth.,  Schrankia  uncinata,  ^^IkL,  Siryphnodendran  cowiactum^  Benth. 

The  smaller  veins  of  the  leaf,  except  in  a  few  cases,  are  embedded  in  the 
mesophyll.  Vertical  transcurrence  of  these  veins  by  means  of  thin-walled  tissue 
is  described  by  Coester  only  in  Plaikymenia^  Xylia^  and  CaUinndra  lejptopoda^ 
Benth.,  transcurrence  by  means  of  sderenchymatous  tissue  only  in  ^irypkfuh 
dendran  coriauum,  Benth.  Sclerenchyma  accompanying  the  vascular  bundles 
of  the  veins  is  nearly  always  developed  (with  the  single  exception  of  PeniacUikra 
macrophyUa,  Benth.),  and  usually  encloses  them  as  a  ring.  Enlarged  terminal 
tracheides  are  found  especially  within  the  genera  Adenanikera  and  PiUadenim, 
The  system  of  veins  in  the  phyllodes  remains  to  be  shortly  discussed.  Their 
vascular  bundles  (as  is  also  frequently  the  case  in  petioles)  form  a  ring,  which 
is  compressed  in  correspondence  with  the  flattening  of  the  phyllode ;  a  transverse 
section  of  a  phyllode  shows  two  rows  of  bundles,  which  lie  in  pairs  oroosite  one 
another,  with  their  xylem-fxntions  turned  towards  one  another,  whilst  they 
usually  border  directly  on  the  epidermis  by  means  of  the  mass  of  sclerenchyma 
opposite  their  bast-portions. 

The  hairy  covering  (Fig.  65)  consists  of  clothing  and  glandular  hairs. 
It  is  noteworthy  that  Coester  met  with  glandular  hairs  as  a  constant  feature, 
that  two-armed  hairs,  which  have  been  observed  here  and  there  in  the  remain- 
ing Leguminosae,  do  not  occur  in  this  sub-order,  and  (a  still  more  important 
Eoint)  that  the  characteristic  simple  uniseriate  hairs  with  one  or  several  short 
asal  cells  and  a  long  terminal-cell,  i.e.  the  type  so  widely  distributed  in  the 
Papilionaceae,  do  not  occur  either.  The  clothing  hairs  may  be  subdivided  into 
two  groups,  viz.  simple  and  compound  forms.  The  simple  trichomes,  which 
will  be  discussed  first,  are  unicellular  or  uniseriate  hairs ;  in  the  latter  case 
the  division-walls  are  thin.  The  simple  hairs  are  of  varied  length  and  shape. 
The  more  peculiar  forms  will  alone  be  mentioned  here.  The  simple  hairs  of 
Albizzia  fastigiaia^  E.  Mey.,  are  characterized  by  the  fact  that  the  bulbous 
base  of  the  hair  exhibits  several  thin  division-walls.  Unicellular  one-armed 
hairs,  with  a  rounded  swelling  in  place  of  a  second  arm,  are  found  in  species 
of  Xylia  and  Inga ;  unicellular  bracket-hairs,  with  their  ends  curved  like 
hooks,  in  CaUiandra  latuUa,  Benth.,  and  C.  dysantka^  Benth.  var.  The  epidermal 
cells,  surrounding  the  simple  hairs,  are  occasionally  (Ingeae)  differentiated  like 
subsidiary  cells.  In  Affonsea  juglandifolia^  St.  Hif.,  the  subsidiary  cells,  which 
surround  the  basal  i>art  of  the  hair  and  are  grouped  like  a  rosette,  have 
cystolith-like  thickening  which  are  constituted  and  orientated  just  like  those 
so  well  known  in  subsidiary  cells  of  the  trichomes  of  the  Boragineae,  but, 
unlike  the  latter,  are  not  impregnated  with  carbonate  of  lime.  The  compound 
trichomes  (shaggy  hairs)  occur  specially  in  species  of  the  genus  Mimosa^  in 
which  they  had  previously  been  found  by  A.  Weiss,  and  investigated  by  him 
with  regard  to  tneir  development.    In  the  simplest  case  these  shaggy  hairs 
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consist  of  numerous  sclerosed  fibrous  cells,  which  cover  one  another  like 
the  tiles  of  a  roof ;  from  the  middle  of  the  whole  structure  a  long  terminal 
bristle  projects;  the  tips  of  the  lateral  fibres  are  either  adpressed  to  the 
hair  (species  of  Mimosa  belonging  to  the  section  Eumimosa^  M.  adversa^ 
Benth.,  A/,  camporum^  Benth.,  and  At,  cruenta^  Benth.),  or  are  curved  round 
into  the  form  of  a  hook,  or  project  outwards  (Af .  calycina^  Benth.,  Af .  Clausseni^ 
Benth.,  M,  debilis,  H.  et  B.,  Af .  dimidiaia,  Benth.,  Af.  Gardneri,  Benth.,  M. 
hypoglauca^  Mart.,  Af.  imbricata^  Benth.,  Af.  obtusifolia^  Willd.,  Fig.  65,  A  9 


Fic.  65  A,  Slum  iMir  of  VfMMM  §hhui/aii*^  Willd. ;  B,  SkAuy  hair  ol  i/f NMM/«#/«rMM,  B««Ui.,  rrtpmbliag 
•  ir  trrr.  To  tikr  biiw  ol  bdh  of  thi^v  arkniichymatovs  rrllt  art  attArhrd,  vktch,  nmetraiinf  telo  th^  airtopliyll, 
AAclMr  ihr  iMir  irBljr,  and  are  accooipaAicd  by  rfTaial-««lb  (rnrMAh  abailed).  c.  Skafffv  k^ir  of  JZ/mmm  iimimo, 
Brntk ,  mmblifif  •  ix-vn^.  d  b,  Branchrd  cUodKUr  ham  of  Mim§m  Sprm€mm^  Brnth. ;  B,  CUad  wca  from 
•buw     r-O,  ^lutc  flaad  of  Mttmtm  fmmttmmim,  Sprvce.— Original. 

Xf.  Radula^  Benth.,  Af.  rigida^  Benth.,  and  Af.  subsericea^  Benth.).  In  other 
cases  a  multlseriate  group  forms  a  columnar  mass,  from  which  at  certain  definite 
distances  4-6  lonf  ray-cells  project,  forming  a  more  or  less  distinct  whorl  in 
each  case.  The  following  species  possess  these  shaggy  hairs,  branched  like  a  fir- 
tree  :  Af .  auhvillus.  Mart.,  Af .  calotkamnus^  Mart.,  Af,  furfuracea^  Benth.  (Fig. 
65,  B)^  and  Af .  sordida^  Benth.  If  one  imagines  the  interspaces  between  the 
whorls  in  these  abietiform  shaggy  hairs  reduced,  the  tufted  shaggy  hairs, 
m  |>art  also  abietiform  and  found  in  Alimosa  calodendron^  Mart.,  M.  incana^ 
Benth.  (Fi^.  65,  C)  and  Af.  verrucosa,  Benth.,  would  result.  The  different 
shaggy  hairs,  which  have  just  been  discussed,  are  often  further  charac- 
teriied   by   the   fact   that  they   have  a  sclerosed  foot,   which  penetrates 
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deeply  and  sometimes  like  a  root  into  the  mesoplqdl  (see  Fi^.  65,  i4-B). 
The  last  category  of  compoimd  tnchomes  is  represented  by  smqile  tufted 
hairs,  which  consist  of  simple  onioelhilar  hairs  placed  side  by  side ;  these  have 
been  observed  by  Coester  in  PentmcUtkrm  mmcwopkyUm^  Benth^  and  PntfOpis 

SUphaniafUL,  Kth. 

The  glandular  hairs  likewise  exhibit  difierent  forms.  In  the  first  place 
mention  may  be  made  of  glandular  hairs  with  a  unisenate  staUc  <rf  variable 
length  and  an  dhpscMd  multicdhilar  head,  of  variable  siie»  divided  by 
horizontal  and  vertical  waUs.  External  glands  of  this  tjrpe  are  the  most 
widely  distributed  in  the  Mimoseae ;  Coester  met  with  them  in  most  of 
the  genera  (Parkia^  Eniada^  Pipiadenia^  Strypknodemdrtm^  Aiemmmikerm^  EU- 
pkafUorhiza^  Gagtubina^  Prosapis^  Nepiunia^  Desmmnikus,  Mitmosm^  Sckrmmku^ 
Ltuauna,  Xylia^  Acacia^  LysikmuL,  CaUiandrm,  AOnmm^  PUkecolobiwm^  Emiewth 
labium^  Serianikes^  Inga,  Affonsea),  A  second  category  of  external  ^ands 
comprises  those  with  a  peltate  head  of  variable  size.  Among  these  we  mav 
first  class  the  peltate  glands  of  some  Mimos4u  (M.  cyiindraceM^  Benth^  Jr. 
mUUfoliaia^  Scheele,  M.  myriadena^  Benth^  and  If.  pund^dmiM^  Spiwe* 
Fig.  65,  F-C),  which  are  sh<ntly  stalked  and  are  sunk  in  pit-like  deprcasioQs 
of  the  leaf-surface ;  the  shield  of  these  glands  usually  consists  m  places 
of  two  layers  of  cells  and  in  surface-view  shows  numerous  isodiametrk  cdK 
which,  on  the  one  hand,  are  arranged  in  concentric  circles,  and»  oo  the 
other  hand,  may  often  be  subdivided  into  5-7  sectors,  limited  by  an  equal 
number  of  radii ;  in  M.  myriadena  the  shield  attains  a  diameter  of  •14  mm. 
With  these  we  may  group  smaller  external  glands,  which  are  likewise  sunk 
in  small  pits  in  the  leaf,  are  very  shortly  stalked,  and  have  a  capitate  or 
peltate  glandular  (xntion,  divided  exclusively  by  vertical  walls.  Coester 
observed  glands  of  this  kind,  pro\ided  with  a  h^ul  of  few  cells,  in  Acmcut 
dodofuuifolia,  Willd.,  A.  exsudans,  Lindl.,  and  A.  ieprosa^  Sieb.,  while  others 
com[X)sed  of  more  numerous  cells  and  having  a  considerable  accumulation 
of  secretion  below  the  cuticle,  are  present  in  some  Mimosas  (Af.  kosHiiSf 
Benth.,  A/.  inUrrupta,  Benth.,  Af.  malacocentra^  Mart.,  St.  of4kalmocenir£^ 
Hart.,  M.  sericantha,  Benth.,  and  M.  verrucosa^  Benth.).  Peculiar  glandular 
structures,  which  may  be  described  as  branched  or  palmately  divided  glandular 
hairs,  occur  on  the  lower  side  of  the  leaf  of  Mimosa  Spruceana^  Benth.  (Fig.  65, 
D-E).  They  consist  of  a  uni-  or  biseriate  stalk,  which  often  broadens  out 
upwards,  is  com[X)sed  of  short  cells,  and  divides  into  4-6  branches  of  no 
great  length,  the  branches  being  blunt  at  their  tips,  and  usually  grouped 
together  in  a  tufted  manner,  or  more  rarely  spread  out  in  the  form  of  rays. 
L^tly,  glandular  shaggy  hairs  with  a  multiseriate  stalk  and  a  spherical 
or  obconical  head,  composed  of  numerous  cells,  occur  in  certain  species 
of  Mimosa  (Af.  adversa,  Benth.,  M.  foliolosa^  Benth.,  M.  paludosa^  Benth., 
M.  somnians^  H.  et  B.,  M.  trijuga^  Benth.) ;  a  transition  to  these  hairs  is 
afforded  by  glandular  hairs  with  a  similarly  constituted  head,  but  with  a 
uniseriate,  though  fairly  long  stalk  (Af .  brevipinna^  Benth.,  Af .  doUns^  Veil., 
Af.  Franciscana,  Benth.).  Having  described  the  true  glandular  hairs, 
it  remains  to  be  mentioned  that  rather  large  peltate  or  wart-like  masses 
of  tissue  occur  on  the  petiole  in  most  Mimoseae  ;  these  are  visible  even  with 
the  naked  eye,  have  secretory  functions  and,  as  they  are  easily  observed,  have 
already  been  described  by  systematists  (see  Delpino).  Without  dealing  more 
fully  with  the  diverse  structural  features  of  these  petiolar  glands,  it  need  only 
be  stated  here  that  they  consist  of  a  parenchymatous  c;roup  of  cells,  below 
which  bundle-terminations  with  abundant  deposition  of  crystals  in  the  sur- 
rounding tissue  usually  occur  ;  they  are  occasionally  (in  the  Acacias  possessing 
phyllodes)  reduced  to  glandular  spots,  and  sometimes  excrete  a  sap,  containing 
sugar. 
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According  to  Borodin  and  Coester^  solitary  crystals  are  the  usual  form  of 
excretion  of  ozmlate  of  lime.  Clustered  crystals  have  only  been  observed  in 
the  two  genera  Mimosa  and  Piptadcnia^  and  in  these  only  in  the  leaf,  where  they 
accompany  the  veins  and  also  occur  in  the  mesophyU ;  they  have  not  been 
found  in  the  axis  in  any  member  of  the  Mimoseae.  The  solitary  crystak 
occur  both  in  the  form  of  ordinary  rhombohedra,  and  also  of  rod-shaped 
crystals  shaped  like  styloids.  In  the  leaf  the  crystals  are  found  in  the  veins  as 
well  as  in  the  mesophyU.  Both  forms  occur  accompanying  the  vascular  bundles 
of  the  veins.  In  the  mesophyU  the  crystak  are  found  singly  in  the  chambers 
of  septate  palisade  cells,  not  uncommonly  (as  is  especially  freauent  in  the 
In^eae)  embedded  in  a  thickening  of  the  ceU-wall.  A  special  peculiarity  which 
occurs  in  numerous  species  is  the  accumulation  of  crystak  below  the  place 
of  insertion  of  the  hairs,  especiaUy  the  larger  ones.  In  the  axis  the  crystak 
of  the  wood  and  bast  are  contained  in  chambered  fibres ;  in  the  pnmary 
cortex  they  are  frec^uently  found  enclosed  in  thickenings  of  the  walk.  A  fact, 
which  deserves  speaal  mention,  is  the  occurrence  of  smaU  crystal-celk  in  the 
pith  of  s^tcitsol  Aienanihera,  Desmanthus,  Dichrosiackys^  and  Nepiunia ;  these 
cells  are  usuaUy  placed  together  in  groups,  which  arise  from  one  ceU  by 
secondary  divkion. 

Tocondude  the  description  of  the  leaf-structure,thespecial  secretory  organs 
of  the  Mimoseae  in  axk  and  leaf  may  be  discussed  together.  They  are  as  foUows : 
(a)  secretory  celk  of  different  kinds,  (b)  tubular  elongated  cdk,  which  have 
varied  contents  and  are  present  especiaUy  in  the  soft  b^t,  and  (c)  interceUular 
secretory  receptacles,  in  which  the  secretory  space  is  surrounded  by  bracket- 
cells.  It  is  impossible  to  enter  into  detaik  here  regarding  the  formation  of 
gum  in  the  Acacias  (A,  Senegal^  WiUd.,  &c.),  which  yield  gum-arabic.  Whikt 
referring  to  the  works  on  thk  subject  by  Moller  (Sitz.-Ber.  Wiener  Akad.,  1875, 
pp.  219  et  seq.)  and  Lutz  (BuU.  de  la  Soc.  bot.  de  France,  1895,  pp.  467-^71),  it 
need  only  be  remarked  that  normal  elements  of  the  soft  bast^  pericycle  and 
wcxxl  undergo  metamorphosis  into  gum.  Coester  obser\'ed  secretory  celk  in 
certain  species  of  Calliandra,  PeniacUthra,  Piihecolobium^  and  Prosopis,  Firstly, 
the  secretory  celk  of  CaUiandra^  which  have  been  observed  only  in 
C.  Harrisii,  Benth.,  C.  surinamensis^  Benth.  var.  tenuiflara^  Benth.,  and  C. 
irimrvia,  Benth.,  and  give  rise  to  transparent  dots,  occur  in  the  spongy 
parenchyma  ;  they  are  fairly  large  and  contain  a  colourless  secretion,  which 
is  readily  soluble  in  water.  In  C.  Harrisii  they  are  only  to  be  found  at  the 
margin  and  in  the  tips  of  the  leaflets  ;  in  the  remaining  species  they  are  scat- 
tered through  the  whole  leaf.  Secretory  celk  with  wide  lumina,  lying  in  eroups 
in  the  neighbourhood  of  the  veins,  characterize  Piihecolobium  cauliflarum^ 
Mart.,  and  P.  inaequaU,  Benth.,  as  well  as  PentacUthra  filamentosa^  Benth.  ; 
their  colourless  or  yellow  secretion  is  for  the  most  part  soluble  in  water.  Pros* 
opts  juiifiora^  E)C.  and  P.  Nandubey,  Lorentz,  both  belonging  to  the  section 
Algarohia^  DC.,  possess  special  secretory  cells.  In  these  plants  tubular  or 
rounded  secretory  cells,  wluch  have  yellowish  contents  and  are  speciaUy  charac- 
terized by  the  gelatinization  of  their  ceU-walk,  are  found  in  all  parts  of  the 
mesophyU.  The  secretory  receptacles  of  the  second  type,  the  tuoular  secre- 
tory cells  of  the  soft  bast,  exactly  correspond  to  tne  tannin-sacs,  which 
were  very  fully  discussed  in  the  Papilionaceae.  Like  the  latter,  they  have 
wide  lumina,  are  asually  elongated  considerably  in  the  vertical  direction,  are 
arranged  in  longitudinal  series,  and  do  not  always  contain  brown  tanniniferous 
masses  in  their  contents,  but  very  varied  secretions,  which  are  either  completely 
free  from  tannin  and  colourless,  or  (in  the  young  shoots  of  Mimosa  sensiiiya^ 
M.  prostrata.  and  M.  floribunda^  according  to  Tr^ul)  resemble  latex.  According 
to  Coester,  the  contents  of  the  sacs  which  occur  in  many  species  of  Mimosa^ 
and  which  on  account  of  their  width  can  be  foUowed  into  the  vascular 
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bundles  of  the  leaf  in  these  plants^  are  completely  free  from  tmmiiii.  Sacs 
which  from  the  morphological  p(Mnt  of  view  are  identical  with  the  above» 
according  to  Haberlandt,  form  the  tissue-system  which  conducts  the  stimulus 
in  Mimosa  pudica;  the  cell-sap  of  these  sacs,  according  to  the  same  in- 
vestigator, contains  a  gummy  or  mucilaginous  substance,  a  compound  of  the 
nature  of  a  glucoside  and  resinous  granules.  With  regard  to  the  sacs  of 
Mimosa  pudica^  we  may  also  mention  that,  according  to  Haberlandt,  they 
possess  in  the  Uving  condition  a  protoplasmic  lining  layer  with  a  very 
large  nucleus  and  on  each  cross-wall  exhibit  one  laree  |Ht,  the  |Ht-membrane 
of  which  is  traversed  by  protoplasmic  threads.  No  statement  as  to  the 
occurrence  of  similar  pits  in  the  sac-cells  of  other  llimoseae  is  known  to  me 
in  the  Uterature.  According  to  Coester,  the  secretory  or  glucoside-contain- 
ing  sacs  in  question  have  a  wide  distribution  in  the  sub-^der.  The  third 
form  of  special  secretory  organs  has  only  been  observed  in  Piik$cotobimm 
divaricaium,  Benth.  and  P.  glomeraium^  oenth.  In  the  upper  part  of  the 
spongy  parenchyma  in  these  two  species  there  are  intercdlular  secretory 
receptacles,  in  which  the  secretion,  as  in  certain  spedes  of  the  Papilionaceoiis 
genus  Lanchocarpus^  is  surrounded  by  bracket-cells,  which  are  not  in  lateral 
contact,  and  do  not  completely  shut  in  the  secretory  space. 

The  structure  of  the  petiole  has  only  been  investigated  in  spedes  ci  Acacia 
and  Mimosa.  In  the  characteristic  region  the  fibro-vascular  system  consbts 
of  a  continuous  or  interrupted  ring  of  bundles,  with  which  two  additional 
lateral  bundles  are  occasionally  assodated  on  the  upper  side. 

3.  Structure  of  the  Axis.  The  structure  of  the  wood  has  been 
investigated  in  detail  by  MoUer,  Solereder,  Saupe  and  Coester,  the  structure 
of  the  cortex  by  MoUer  and  Coester. 

Regarding  the  structure  of  the  pith  there  is  little  to  be  said.  As 
a  rule  it  consists  of  lignified  cells.  The  medullary  cells  of  aquatic 
spedes,  belonging  to  the  genera  Desmanihus^  Dickrosiachys,  Mimosa  and 
Neptunia^  have  unlignified  cell-walls.  In  these  plants  lacunae  also  occur  in 
the  pith.  Medullary  vascular  bundles  with  central  soft  bast  and  peripheral 
xylem,  almost  destitute  of  vessels,  have  been  observed  in  EUfmmntorkita 
BurcheUii,  Benth.,  sderosis  of  the  central  part  of  the  pith  in  Albvuia  amara, 
Boiv. 

The  xylem  consists  of  vessels  with  lumina  of  various  sizes,  meduUaiy 
rays,  which  are  mostly  narrow*,  wood-prosenchyma  with  simple  pits  and  wood- 
parenchyma.  Accoroing  to  Saupe,  trachddes  have  not  been  found  in  any 
member  of  the  sub-order.  The  vessels  have  simple  perforations  throughout 
and  show  bordered  pits  even  on  those  portions  of  their  walls  which  abut  on 
parenchyma.  Sieve-like  pits  have  been  observed  on  the  walls  of  the  vesseb  in 
species  of  Acacia^  Adenanthera^  Inga  and  Mimosa.  The  medullary  rays  are 
built  up  of  low  cells,  which  are  elongated  in  the  radial  direction  and  appear 
small  in  tangential  sections.  Hohnel  met  with  tier-like  arrangement  of  the 
medullary  rays  in  some  spedes  of  Inga  and  Acacia,  The  development  of  wood- 
parenchyma  varies.  The  wood-prosenchyma  is  frequently  characterized  by 
the  possession  of  a  gelatinous  layer  and  does  not  usually  have  wide  lumina. 
On  the  other  hand,  prosenchyma-cells  with  unusually  wide  lumina  are  met  with 
in  the  wood  of  Desmanihus,  Mimosa  VeUoziana^  Mart.,  Af.  obovaia^  Benth., 
Schrankia  and  Leucaena.  Saupe  states  that  fibrous  cells,  which  store  up  starch, 
occur  in  spedes  of  Acacia^  Desmanihus^  Inga,  and  Mimosa  ;  septa tion  of  the 
wood-prosenchyma,  combined  viith  storage  of  starch,  is  described  by  Saupe  in 
the  case  of  species  of  Acacia  and  Inga,  and  by  Coester  in  spedes  ot  Nepiunia^ 
Piptadenia,  Plaihymenia  and  Ptosopis. 

'  According  to  Moller,  howerer,  the  medolUry  rmyt  attmin  a  breadth  of  five  oeUt  in  PmrUa, 
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The  following  facts  may  be  pointed  out  with  regard  to  the  structure  of  the 
cortex.  According  to  the  concordant  results  of  investigations  by  Moller,  Coester 
and  others  the  cork  always  arises  superficially,  usually  in  the  second  or  third 
layer  of  cells  below  the  epidernus,  rarely  subepidermaUy.  The  mature  cork* 
cells  are  slightly  flattened,  but  almost  cubical.  They  are  occasionally  sclerosed 
on  one  side  (Acacia)  or  thickened  on  all  sides  (Inga) ;  in  other  cases  they  have 
delicate  walls.  In  the  bladder-like  swellings  of  the  stem  of  the  floating  plant, 
Sfpiunia  deracea^  Lour.  (Desmanthus  natans^  Willd.),  according  to  Rosanofi, 
Scott  and  Wager  and  H.  Schenck  (and  contrary  to  Beck's  statements  on  the 
subject)  aerenchyma  arises  in  the  third  or  fourth  layer  of  cells  below  the  epi* 
dermis  in  place  of  cork ;  this  aerenchyma  dies  away  towards  the  end  of  tne 
period  of  vegetation,  and  is  replaced  by  normal  cork-tissue.  According  to 
H.  Schenck,  the  stems,  leaves,  and  peduncles  of  Mimosa  cinerea.  VeU.,  which 
grow  into  the  water,  also  possess  aerenchyma  of  subepidermal  origin  and  con- 
sisting of  radially  elongated  cylindrical  cells,  which  are  free  from  one  another 
except  for  small  surfaces  of  contact. — The  primary  cortex  either  has  thin 
walls  or  is  collenchymatous,  and  frequently  contains  tannin.  It  is  composed 
of  exceptionally  large  cells  in  Parkia  filicoidea,  Welw.,  according  to  CcNSster. 
Stone-cells  are  rarely  present  in  the  primary  cortex ;  thus  they  occur  only  in 
that  of  Aibizzia  anihelmintica,  Brongn.,  among  the  cases  investigated  by  Coester. 
— According  to  Coester,  the  outer  limit  of  the  bast  is  always  formed  by 
a  composite  and  continuous  sclerenchymatous  ring,  the  bast-nbres  of  which 
not  uncommonly  exhibit  a  gelatinous  layer  similar  to  that  of  the  wood-fibres. 
According  to  Moller,  however,  species  apparently  occur  (e.  g.  Acacia  fo- 
phanika^  Willd.  =  Aibizzia  lophantha^  Benth.)  which  only  exhibit  isolated 
groups  of  bast-fibres  in  place  of  the  sclerenchjrmatous  ring.  In  the  secondary 
phloem  stratification  due  to  bands  of  hard  bast  is  not  uncommon.  Stone- 
cells  also  occur  in  the  secondary  bast.  On  the  other  hand,  it  is  a  peculiar 
phenomenon  that  the  medullary  rays  which  traverse  the  secondary  hard  bast, 
mostly  resist  sclerosis.  According  to  Mdller  and  Coester,  the  structure  of  the 
sieve-tubes  ls  also  characteristic ;  for  scalariform  sieve-plates  are  alone  stated 
to  occur  and  the  sieve-cells  are  said  to  be  universally  distinguished  by  their 
considerable  length  (about  i  mm.).  The  medullary  rays  not  uncommonly 
broaden  outwards  in  the  bast,  becoming  multiseriatc. 

Having  described  the  stems  with  normal  structure,  we  may  mention  two 
or  three  cases  of  anomalous  stem-structure  which  occur  in  some  twining 
species.  A  large  number  of  the  lianes  belonging  to  the  Mimoseae  have 
normal  structure,  e.g.  according  to  H.  Schenck,  Acacia  lacerans^  Benth.  and 
Piptadtnia  trisptrma^  Benth.  Other  lianes  are  only  anomalous  in  so  far  as 
they  possess  v^inged  or  rather  grooved  stems  ;  according  to  H.  Schenck  this 
type  includes :  (a)  the  piece  of  stem,  collected  by  Schenck  under  No.  662, 
which  oerhaps  belongs  to  a  species  of  Acacia^  (b)  Piptadenia  latifolia^  Benth., 
as  well  as  (c)  the  stem  named  Acacia  sarmentosa  and  described  by  Coester, 
which  forms  part  of  Eggers'  collection  of  woods  (in  Herb.  Monac.).  A  true 
anomaly  in  the  structure  of  the  axis  occurs  in  the  genus  Eniada^  in  which  the 
groundwork  of  the  wood  consists  of  unlignified  wood-parenchyma  with  deU- 
cate  walls  and  enclosing  vessels,  bundles  of  wood-prosenchyma  and  strands  of 
sieve-tubes.  These  latter  probably  arise  secondarily  in  the  parenchyma  of  the 
xylem  and  are  not  formed  directly  from  the  cambium.  Kriiger  was  the  first  to 
describe  this  anomaly  in  the  case  of  a  stem  of  Entada  gigalobium^  collected  by 
Semj)er  in  Manila.  H.  Schenck  observed  the  same  anomaly  in  Entada  scandens^ 
Benth.  and  E.  polystachya,  DC.,  although  he  Is  not  quite  certain  as  to  the 
occurrence  of  the  strands  of  sieve-tubes  in  the  wood.  Coester  recently  demon- 
strated this  feature  with  certainty  in  a  piece  of  the  axis  of  Entada  scandens 
derived  from  the  collection  in  ZttrKh. 
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Volkens,  AcgypC-arab.  Wiiste,  Berlin,  1887,  pp.  115-31  and  namcroos  figs. — Uoaliot,  P^ridenae 
des  L^gam.,  loam,  de  Hot.  1888,  pp.  71-6.— Rbein,  AnaC  d.  Caesalptn.,  Disa.,  Kiel,  1888,  35  pp. 
—Scott  and  Wager,  Float.  rooU  of  SesSania  atuUaia,  Annals  of  BoC,  toI.  i,  1888,  pp^  307-14  aad 
tab.  zrii.- Tschirch,  Sekretbefaalter  etc.,  Her.  dentscb.  boC  Geaellsdc  1888,  pp.  s-13  and  Taf.  i; 
see  also  Angcw.  Pfl.-Anac,  1889,  p.  514  etc.— Van  Tiegbem,  Rcaeaa  de  sooticn  etc,  Ann.  sc  aaC, 
s^r.  7,  c  Yii.  1888,  p.  374  et  seq.  and  c  Tiii,  1888,  p.  iHo.  aa  also  Boll.  Soc  boC  de  France  1888, 
p.  373.— Beck  Yoo  Managetu,  Schwimmorg.  ▼.  Neftunia  okracea.  Verb.  k.  k.  zoolog.  bot.  Gcadlacb., 
Wien,  18H9,  pp.  57-9.— r>oaliot,  Periderme,  Ann.  sc.  nac,  s^r.  7,  c  z,  1889,  pp  349*53.~Pe(it, 
Petiole,  Act.  Soc  LaniL  de  Bordeaaz,  t.  zliii.  1 889,  pp.  33,  34,  and  pi.  i.— Rosa,  Tesaato  aadaaU.  e  peri- 
derma,  NaoT.  GtoRi.  bot.  Ital.,  toI.  zzi,  1889,  pp  336,  333  and  337  et  seq ;  see  also  Disa.,  Frdbarg 
i.  Br..  1887.— H.  Scbenck,  Aerenchym,  Prin^'sheim  Jahrb.,  Bd.  zz,  1889,  pp  554-61  and  Taf.  urrlii. 
— Wakker.  Baa  etc  d.  Steng.  Yon  Abrms  frecatorius,  BoC  ZeiC  1889,  pp.  639-38  and  Taf.  iz.— Bac- 
carini,  Klem.  spec,  della  Cfycine^  Malpi^bia,  toI.  iii,  1890,  pp.  451  -67  and  tav.  zWi.— Brandza,  Rcdc 
anat.  sar  les  hjbridea,  CompC  rend.,  c  czi,  1890,  p.  317  et  seq.  and  Remc  de  boC,  ii,  1890,  p.  476. 
— Haberlandt,  Reisldt.  GewebesysC  d.  Sinnpfl..  Ldpzig,  1890.  87  pp.  and  3  Tab.— Radlkofer. 
Dorchs.  P.,  Sitz.-Ber.  Miincb.  Akad.  1890,  p.  317.— Rosa,  Periderma,  Maipigbia,  toL  It,  1890,  p.  93 
et  seq.— Rusacll,  Appardl  s^r^c  des  Papil.,  Rerne  de  boC,  C  ii,  1890,  pp.  341-4  and  Faiic  ooiC  de 
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antique*  Ceniita,  Pull.  Soc.  hot.  de  France  1890,  pp.  130-3.— Volkeoi,  Pfl.  mit  Uck.  Bl.,  SiU..Ber. 
eutsch.  hot.  Geiellvch.  1890,  p.  13a.— Vuillemin,  Struct,  det  ieuillet  de  I^us,  Bull.  Soc.  hot.  de 
France  1890,  pp.  206-13. — J.  E.  Weitt,  Korkbild.,  Denktchr.  Kegensbnrg.  bot.  Gesellich.  1890, 
leparate  copy,  pp.  63,  64. — Baccarini,  Sitt.  secret,  delle  Papilionmcee,  Malpighim,  vol.  it,  1891, 
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del  fusto  di  PKaieolus  CarMolli^  Malpighia,  vol.  v.  1891,  pp.  372-85  and  tav.  xxvii,  xxviii. — Klebahn, 
Wurzelanlagen  unter  Lenticellen  \yt\  I/ermimura  etc.,  Flora  1891,  pp.  I35'3y  and  Taf.  iv. — Stras- 
bnrger,  Bau  u.  Verr.,  Jena,  1891,  pp.  166  aoo.— Tanbert,  in  Natiirl.  Pflanzennua.,  iii.  Teil,  Abt.  3, 
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Centralbl.  1895,  iii,  p.  26  and  Taf.  L — Russell,  Ann.  sc.  nat.,  ser.  8,  t.  i,  1895/pp.  340,  343  and  345. 
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ROSACEAE. 

I.  Review  of  the  Anatomical  Features.  Constant  anatomical 
characters  are  almost  entirely  wanting  in  this  Order.  The  only  points  to  be 
nu'Titioned  are  the  following  :  (i)  the  lack  of  simple  uniseriate  clothing  hairs  ; 
and  (2)  the  presence  of  bordered  pits  in  the  prosenchymatous  groundwork  of 
the  wrKxl  in  almost  aU  woody  species.  The  stomata  in  nearly  all  the  Chryso- 
balaneae  are  provided  with  two  or  more  subsidiary  cells  parallel  to  the  pore ; 
in  the  remainder  of  the  investigated  species  they  are  surrounded  by  several 
ordmary  epidermal  cells.  The  perforations  of  the  vessels  are  always  simple  in 
the  Chrysobalaneae,  but  in  the  rest  of  the  woody  species  a  tendency  to  the 
formation  oi  scalariform  perforations  has  been  demonstrated.  Cork-formation 
vanes,  l>eing  either  internal  (Spiraeeae  pro  parte,  Potentilleae,  Poterieae),  or 
su{>erticial  (Chrysobalaneae,  Pruneae,  Rhodotypus,  QuiUaja^  Ponoeae).  In  the 
woody  species  the  pericycle  either  contains  isolated  groups  of  bast^fibres  or 
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a  composite  and  continuous  sderenchymatous  ring,  which  in  the  Chrvsobakuieae 
is  partly  composed  of  U-shaped,  sclerosed  cells.  With  regard  to  the  stiuctuie 
of  the  wood,  we  may  mention  the  varied  breadth  of  the  medullary  rays,  as 
also  the  fact  that  the  vessels  have  lumina  of  various  siies,  and  that  the  wood- 
parenchyma  takes  an  important  part  in  the  formation  of  the  wood  in  the 
Chrysobalaneae  only.  Oxalate  of  lime  is  usuaUy  excreted  in  the  form  of 
(I)  solitary  crystals,  those  of  the  Pomeae  being  frequently  combined  into  the 
form  of  a  widely  open  V  or  an  I ;  and  (2)  clustered  crystals ;  true  styloids 
have  been  met  with  in  QuiUaja  alone.  SiUdfied  cell-membranes  and  masses 
of  silica  in  the  cell-contents  are  of  frequent  occurrence  in  the  Chrvsobalaneae. 
As  regards  internal  secretory  organs  the  abundance  of  tannin  may  be  especially 
pointed  out.  Other  noteworthy  features  are  :  the  occurrence  of  muriMynoos 
cells  in  the  epidermis  of  the  Ic^  (in  many  species) ;  of  mudlage-cells  in  the 
parenchjmia  of  the  leaf- veins  and  of  the  stem  {Neurada^  Eriobatrya) ;  of  lysi- 
genous  mudla^e-canals  (in  the  pith  of  the  branch  in  Neurada) ;  and  of  secre- 
tory cavities  (m  the  leaf  of  LecosUmon  and  Couepia  bracUosa^  Benth.) ;  gum- 
mosis  occurs  in  the  wood  and  cortex  of  the  Pruneae.  In  the  bast  of  many 
Chrysobalaneae  tannin  is  localized  in  special  sac-like  cells.  The  hairy  covera^ 
consists  (I)  of  simple,  unicellular  trichomes,  which  are  occasionally  united  into 
tufted  and  stellate  hairs,  or  exhibit  transitions  to  two-armed  hairs»  (2)  of 
peltate  hairs  {Lecosiemon),  (3)  of  glandular  hairs,  and  (4)  of  glandular  shany 
nairs.  The  nectaries  on  the  petiole  and  leaf-surface  and  some  of  the  g^amraur 
leaf-teeth,  which  occur  in  certain  species,  resemble  the  glandular  shaggy  hain 
in  their  structure  (in  the  possession  of  a  secretory  palisade-like  epidermis). 

Special  anatomical  characters,  which  are  of  value  in  detailed  diagnosis, 
have  been  observed,  viz.  the  tendency  to  palisade-like  differentiation  of  the 
epidermis  of  the  leaf  (many  Chrysobalaneae),  development  of  hypoderm  in 
tne  leaf,  papillose  differentiation  of  the  lower  epidermis,  occurrence  of  sckaren- 
chyma-fibres  or  other  spicular  cells  in  the  mesophyll  (Lecosiemon,  Licamm^ 
Couepia),  cork-warts  on  the  leaf  {Couepia  bradeosa,  Benth.),  and  septatioo 
of  the  pith  without  sclerosis  {Prinsepia). 

2.  Structure  of  the  Leaf.  The  leaf-structure  has  been  investigated 
in  considerable  detail  in  the  Chrysobalaneae  by  Kiister  \  in  the  Spiraeae  and 
Potentilleae  by  Protits,  in  the  Kubeae  by  Fritsch,  and  in  the  Pomeae  by 
Gdrard. 

The  leaf-structure  is  almost  always  bifacial  in  the  Pomeae  ;  it  is  centric 
in  Crataegus  Azarolus  only.  In  the  Ch^sobalaneae,  on  the  other  hand,  all  the 
cells  of  the  mesophyll  are  usually  more  or  less  elongated  like  palisade- 
tissue,  the  mesophyll  being  distinctly  bifacial  in  Lecostemon  and  Prinsepia 
only.  Large  lacunae,  elongated  in  a  direction  parallel  to  the  course  of 
the  veins,  have  been  met  with  in  the  mesophyll  of  Couepia  bracteosa^  Benth. 
The  epidermal  cells  of  the  Pomeae  have  a  varying  outline  in  surface* view ; 
a  polygonal  outUne  (even  on  the  lower  side  of  the  le^)  is,  with  few  exceptions, 
cbusiracteristic  of  the  Chrysobalaneae.  In  a  transverse  section  of  the  leaf  the 
epidermal  cells  of  many  Chrysobalaneae  (species  of  Acioa,  Couepia^  Lieania^ 
Moquilea,  Parinarium)  are  characterized  by  palisade-like  elmeation.  In  some 
cases  the  walls  of  the  epidermal  cells  in  the  same  tribe  are  thickei:^  in  a  varied 
and  characteristic  manner.  A  deUcate  and  striated  cuticle  is  described  by 
Gerard  in  Chaenomeles  japonica ;  cuticular  prominences,  resembling  mountain- 
crests,  occur  in  Cormus  domestica,  whilst  elevations  of  the  cuticle  are  only 
present  round  the  stomata  in  Pyrus  communis.  In  Kerria  japonica  the  epidermis 
is  provided  with  a  coating  of  wax,  which  is  5  fi  in  thickness,  and  stratified. 
Papillose  differentiation  of  the  lower  epidermis  is  described  by  Gtaird  and 

'  KtUter  tOTCftii^mted  all  the  geoen  except  Truk^catya  and  Griflmia, 
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Folgner  in  Cotoneasier  buxifolia.  Wall.,  and  C.  microphylla^  Wall,  (solid  papillae) 
and  by  Kiister  in  Couepia  grandiflora^  Benth.,  C.  Atartiana^  Hook,  f .,  C.  Uiii^ 
Benth.,  and  Moquika  Turiuva^  Hook.  f.  According  to  Radlkofer,  Kiister, 
Knich  and  others,  gelatinization  of  the  inner  wall  of  the  epidermal  cells  occurs 
in  species  of  Chysobalanus^  Gtan^eria^  Hirtelta,  Parinarium^  Prunus^  S^raea^ 
Suphananira^  Kerria^  Neviusa,  Eucryphia^  Rubus^  Dryas^  PoUfUiUa^  Cnamae- 
rkodos^  Agrimonia,  Margyricarpus^  Acaena^  Poterium^  Cliff ortia^  Rosa^  Cydonia^ 
Pyrus,  Crataegus,  Cotoneasier,  Photinia,  RaphioUpis,  Chamaemeles,  Amdanckier, 
and  Osieomeles  \  True  hypoderm  has  been  observed  by  Gerard  in  HeUramdes 
arbuiifolia  and  Osteomeles  cordata  ;  by  Fritsch  in  the  species  of  the  section 
Micranihobatus  of  Rubus,  and  by  Kiister  in  species  of  Chrysobalanus,  Couepia, 
Grangcria,  Hirielia,  Lecostemon,  Licania,  Moquilea,  Parinarium,  and  Para* 
stemon  (in  these  latter  sometimes  endosine  mucilaginous  cells).  The  stomata 
of  the  Chrysobalaneae  (exception  :  Stylobasiupt^  and  Pomeae  (exception  : 
Crataegus  Azarolus)  nearly  always  occur  only  on  the  lower  side  of  the  leaf. 
Whilst  the  stomata  of  the  Chrysobalaneae  (Lecostemon,  Prinsepia  and  Stylo^ 
bastum  excepted)  are  provided  with  subsidiary  cells  placed  parallel  to  the 
pore,  those  of  the  Pomeae,  the  guard-cells  of  which  are  usually  slightly 
depressed  below  the  level  of  the  leaf-surface,  are  surrounded  by  a  variable 
number  of  ordinary  epidermal  celk  ;  water-pores  are  met  with  on  the  leaf- 
teeth  of  numerous  members  of  the  Order,  belonging  to  the  genera  AlchemiUa^ 
Aremonia,  Crataegus,  Geum,  PotentiUa,  &c. 

The  vascular  bundles  of  the  smaller  veins  of  the  leaf  are,  if  the 
Pomeae  be  first  taken  into  consideration,  either  embedded,  and  provided 
^ith  a  parenchymatous  sheath  with  (e.g.  Stranvaesia  glaucescens)  or  without 
(Cydonia  vulgaris)  sclerenchyma,  or  they  are  vertically  transcurrent.  In  the 
Chrysobalaneae  the  vascular  bundles  of  the  veins  are  almost  throughout 
{PrtHsepia  and  Stylobasium  excepted)  surrounded  by  a  characteristic  scleren* 
chymatous  rinf,  composed  of  sclerenchyma-fibres  and  cells  sclerosed  in  the 
form  of  a  U.  Vertical  transcurrence  of  the  veins  by  means  of  plates  of  scleren* 
chyma  has  been  observed  among  the  Chrysobalaneae  in  Acioa,  Chrysobalanus, 
Couepia,  Hirtella  and  Licania  pro  parte.  At  this  point  mention  may  be 
made  of  the  occurrence  of  terminal  tracheidcs,  with  wide  lumina,  in  Licania 
and  Moquitea,  of  fibre-Uke  spicular  cells,  traversing  the  mesophyll,  in  Leco- 
stemon,  and  of  spicular  cells  of  simpler  shape  in  Licania  micrantha,  Bliq., 
L.  obovata,  Benth.,  L.  subcordata,  Fritsch  and  L.  triandra.  Mart.,  as  well  as 
in  Couepia  bracUosa,  Benth.  (here  in  relation  to  the  secretory  cavities,  see 
below). 

Oxalate  of  lime  is  usually  excreted  in  the  form  of  solitary  and  clustered 
cr>*stals.  The  solitary  crystals,  found  in  the  chambered  fibres  of  the  bast,  as 
well  as  in  the  palisade-tissue  of  the  Pomeae,  are  frequently  combined  in 
a  form  varying  from  a  widely  open  V  to  a  styloid-Uloe  I.  True  styloids, 
however,  are  known  only  in  the  genus  Quillaja. 

The  mode  of  excretion  of  oxalate  of  lime,  whether  as  solitary  or  as  clustered 
crystals,  is  occasionally  characteristic  of  the  smaller  groups.  Thus,  according  to 
Fntsch.  within  the  genus  Hubus  the  species  of  the  section  Micranthobmtus  only 
possess  simple  crystals  or  clusters  consisting  of  few  (3-4)  individual  crystals  ; 
the  species  of  the  sections  Anopiobaius,  IdtteoinUus,  Baihothamnus  and  EubiUus  have 
only  clustered  cr>'stals,  and  so  on.     In  PoUnitUa  and  Spiraea  clustered  crystals  are 

Gescnt  cither  exclusively  or  as  the  predominant  form  (Borodin).  According  to 
bllcr.  solitary  cr>'stals  are  prevalent  in  the  primary  cortex  of  the  Pomeae,  whibt 
that  of  the  Roseae  and  Pruneae  contains  clustered  crystals  or  soUtary  and  clustered 
cr>'stals  ;  according  to  the  same  author,  the  bast  of  the  Pomeae  and  of  Rosa  and 

*  c;^ard.as  well  at  Folgner  and  Lalanoe,  hat  interpreted  the  mociUginooi  inner  walls  in  tpeciet 
oC  HmfkmUfit^  Chmtmatwmit  and  ErisbHrym  at  bjpodermal  cells. 
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Spiraea,  almost  without  exception,  contains  chambered  fibres  with  rhombohedra 
or  short  columns  of  the  V-shaped  type,  whereas  the  bast  of  the  Pnmeae  Qsoally 
has  isolated  crystal-sacs  with  clusterea  or  solitary  crystals.  In  Prunus  Cerasus^  L., 
clustered  crystals  have  been  observed  in  the  epidermis  of  the  leal  (Virchow),  and 
large  solitary  crystals  {Stranvaesia  glaucescens,  ^  Pyracantha  vulgaris  *)  or  clustered 
crystals  (Cyaonia  vulgaris)  have  been  met  with  in  the  palisade- tissue  of  some  Pomeae 
(Cferard). 

Having  dealt  with  oxalate  of  lime,  we  will  now  discuss  the  occurrence  of 
silica  in  the  Chrysobalaneae,  which  forms  a  striking  character  of  this  tribe. 
The  silica  is  deposited  in  various  ways  and  the  following  cases  were  dis- 
tinguished by  K  lister :  silicified  membranes,  silica-bodies,  siUca-plugs,  silica- 
sacs  and  intercellular  deposits  of  silica. 

Sihcified  membranes  are  common  in  the  leaves  of  the  genera  of  the  Chryso- 
balaneae (except  Lecostemon,  Prinsepia  and  Stylobasium),  'Die  silidfication  of  the 
cell-wall  occurs  chiefly  in  the  epidermis  of  the  leaf  (whereby  the  semi-metallic  lustre 
of  many  leaves  is  caused),  and  especially  in  the  neighbourhood  of  the  bases  of  hairs, 
where  the  cell-walls  undergo  a  curious  alteration,  owing  to  thickening  and  silicifi- 
cation,  whilst  the  trichomes  themselves  are  not  sihcified  ; — more  rarely  the  mesophyQ 
is  involved  (to  a  considerable  extent  in  Licania  parviflora,  Benth.  and  Cauepis 
racemosa,  Benth.),  and  occasionally  cells  of  the  primary  cortex. 

The  sihca-bodies  are  sihceous  deposits,  which  originate  in  the  ceO  as  small 
trains  and  subseouently  increase  in  size,  occasionally  to  such  an  extent  that  they 
ml  the  lumen  of  the  cell ;  deposits  of  the  latter  kind  can  only  be  distinguished  from 
the  sihca-plu^  to  be  discussed  below,  by  the  fact  that  the  cell-wall  surrounding 
them  is  not  sihcified.  They  are  either  compact,  clear,  and  transparent  structures 
of  spherical  or  conical  shape,  or  are  composed  of  loose  material ;  those  of  coni- 
cal shape  occur  only  in  the  cells  covering  the  veins.  Kuster  has  met  with 
silica-bodies :  in  the  pith,  medullary  rays  and  pericycle  of  the  axis  and  in  the 
neighbourhood  of  the  leaf- veins  in  all  the  genera  except  Prinsejna,  ParasUnum  and 
Stylobasium,  in  the  epidermis  of  the  leaf  in  Lecostenum  ana  Couepia  bracUosa^ 
Benth.  (in  the  latter  plant,  only  above  the  secretory  cavities) ;  in  the  mesophyll  in 
Lecostenum  and  some  species  of  Couepia  and  Moquilea ;  singly  in  the  cells  of  the 
peltate  hairs  of  Lecostemon.  We  may  include  under  the  same  category  the  deponts 
of  amorphous  sihca,  which  occur  in  '  cauto  '-bark  and  were  first  described  by  Cruger ; 
they  are  of  two  kinds  :  viz.  sihca-bodies  with  peg-hke  projections,  which  are  due  to 
the  filhng  of  sclerosed  cells  together  with  their  pit-canals  (they  have  also  been  met 
with  by  Kiister  in  Chrysobalanus  Icaco,  L.),  and  masses  fiUing  up  what  are  called 
prong-ceUs,  which  after  bumine  jpossess  the  pecuhar  property  of^  glistening  in  the 
most  various  colours  in  reflected  ught. 

The  sihca-plugs  differ  from  the  siUca-bodies  in  the  fact  that  they  form  an  adherent 
Uning  to  the  cell-wall  in  earher  stages,  and  owing  to  growth  in  Dulk  finaUy  fill  up 
the  entire  lumen  of  the  cell  with  an  opaque  mass  having  a  gummy  appearance ; 
the  cell-membrane  enclosing  this  mass  is  sihcified.  These  sihca-pluss  are  of 
frequent  occurrence  in  the  epidermis  and  mesophyll  of  the  leaf  in  all  the  ffenera 
except  Prinsepia,  Parastenum,  and  Stylobasium.  Tnose  in  the  mesophyll  of  Hirtells 
and  of  species  of  Chrysobalanus  occasionally  enclose  clustered  crystau. 

The  sihca-sacs,  i.e.  cells  which  have  wide  lumina  and  delicate  walls,  are  connected 
with  the  upper  epidermis  by  means  of  hypodermal  cells  and  contain  a  brittle  sihceous 
secretion  in  the  form  of  a  number  of  fragments ;  they  are  stated  by  Ktister  to  occur 
only  in  the  mesophyll  of  Licania  micrantka,  M iq.  and  L.  triandra.  Mart. ;  finally  the 
intercellular  masses  of  sihca  have  only  been  found  in  '  cauto  '-bark. 

Typically  differentiated  internal  secretory  organs  are  not  a  common 
feature  in  this  Order.  Tannin,  although  very  widely  distributed,  as  was 
first  pointed  out  by  Trdcul,  is  but  rarely  deposited  in  special  receptacles.  In 
many  species,  tannin-containing  cells,  showing  a  special  arrangement,  occur 
in  the  pith,  as  will  be  described  below ;  the  region  of  the  pith  which  borders 
on  the  wood,  as  well  as  the  cortical  layer  external  to  the  bast,  and  the  medul- 
lary rays,  are  usually  rich  in  tannin ;  lastly,  the  bast  also  contains  tannin- 
sacs.    The  latter,  as  far  as  is  known  to  me,  are  only  differentiated  as  idio- 


ROSACEAE  30s 

Masts  (in  the  form  of  elongated  sacs  with  wide  lumina)  in  the  bast  of  certain 
Chrysobalaneae  (Couepia^  species  of  Moquilta  and  Pannafium).  The  tannin- 
sacs  of  the  Chrysobalaneae  are  speciaUy  remarkable  from  the  fact  that  at  many 
points  their  walls  are  hemispherically  protruded  or  depressed  as  the  case  may  be, 
a  condition  which  leads  to  a  dovetailing  of  the  contiguous  wide-lumened  ele- 
ments. The  mucilaginous  epidermal  and  hypodermal  cells  of  the  leaf  have 
already  been  referred  to  above.  Cells  with  their  membranes  mucilaginous  on  aD 
sides  were  met  with  by  Volkens  in  Ncurada  procumbens^  L. ;  they  accompany  the 
vascular  bundles  of  the  veins,  and  occur  at  the  margin  of  the  jp«th,  in  the  medul- 
lary rays,  and  at  the  inner  margin  of  the  primary  cortex.  The  mucilage-cells 
described  by  Gerard  as  '  cellules  hypertrophic  incolores/  are  found  in  the 
parenchynia  of  the  large  veins  and  in  the  pnmary  cortex  of  Eriobotrya  japonica^ 
Lindl.,  while  the  mucuage-cells  observed  by  Folgner  occur  in  the  spongy  paren- 
chyma of  species  of  Pyracanlka.  Volkens,  moreover,  has  met  with  a  lysigenous 
mucilage-canal  in  the  centre  of  the  pith  of  Neurada  procumbens.  Kiister's 
demonstration  of  secretory  cavities  with  resinous  contents  in  the  leaves  of  the 
species  of  LecosUmon  and  of  Couepia  bracUosa,  Benth.  (but  not  in  other  species 
of  Couepia)  is  of  special  interest.  These  cavities  are  always  found  in 
connexion  with  the  upper  and  lower  epidermis,  and  in  Couepia  hracUosa  are 
accompanied  by  spicular  cells.  Finally,  the  gummosis  which  occurs  in  the 
tissue  of  the  wood  and  cortex  of  certain  Pruneae  may  be  mentioned.  In 
the  wood  it  always  affects  previously  differentiated  c^roups  of  parenchjmiatous 
cells,  '  abnormal  wood-parenchyma '  (see  Tschirch,  Angew.  Pflanzenanat., 
1890,  pp.  210-211,  and  the  literature  dted  there) ;  in  the  cortex,  on  the  other 
hand,  this  is  not  the  case.  According  to  Wiegand,  the  sieve-tubes  form  the 
starting-point  of  the  ^mmosis  in  the  cortex  '. 

The  bmiry  covenng  consists  of  clothing  and  glandular  hairs.  The  usual 
form  of  the  clothing  hairs  is  represented  by  simple  unicellular  trichomes ; 
uniseriate  clothing  ludrs  have  not  hitherto  been  met  with.  The  unicellular 
clothing  hairs  show  manifold  variations  in  their  detailed  structure.  Specially 
noteworthy  types  are  (i)  the  trichomes  of  Kerria  and  Neviusa  (Protits),  which 
are  provided  with  characteristic,  solid,  wart-like  projections  ;  (ii)  the  long  hairs 
of  spedes  of  Couepia^  Licania^  Mo^uiUa  and  Farinarium^  which  have  thin 
walls  and  produce  an  arachnoid  hairy  covering  on  the  leaves ;  and  (iii)  the 
trichomes  of  Crataegus  crenulaia.  Roxb.,  and  species  of  CoUmeasUr.  which  form 
transitions  to  variously  shaped  malpighian  hairs  (Folgner).  In  Ckrysohalanus 
oblonfifMus^  Michx.,  the  species  of  PoietUiUa  of  the  section  Stelligerae  and 
certain  Rubi,  the  simple  hairs  are  grouped  into  tufted  or  stellate  hairs.  Pel- 
tate hairs  have  only  been  met  with  in  the  genus  LecosUmon ;  the  shield 
of  these  hairs  has  a  jagged  margin,  owing  to  the  projecting  ray-cells,  which 
have  thin  walls  and  narrow  lumina,  and  each  of  which  contains  a  silica-body 
(see  above) ;  the  ray-cells  do  not  all  reach  to  the  central  point  of  the  shield. 
The  spines  of  the  /?mM,  which  are  pure  dermatoeen-formations,  according  to 
Uhlworm  and  Delbrouck,  as  well  as  the  thorns  of  the  Rosae^  in  the  formation  of 
which  the  periblem  is  especially  concerned,  may  also  be  included  here.  Ordinary 
external  glands  with  a  uni-  or  bi-seriate  stalk,  and  a  more  or  less  distinct  head, 
which  Ls  of  variable  size  and  multicellular  or  more  rarely  (certain  RM) 

'  The  geoni  Eucfjpkia^  the  tpcdet  of  which  are  described  by  Bentham  and  Hooker  u  '  arboret 
miaoiae,*  ooMetaet  neither  retio -canal t  oor  other  Mcretory  receptacles.  According  to  Gilc.  the 
retin,  which  covert  the  leaves  of  certain  spedes,  is  deriTeo  from  external  glands  on  the  stipules. 
Meigen's  statement  ss  to  the  occarrence  of  resin-canals  in  K^gtntekim  amgustiftliM  Is  incorrect. 
According  to  Gni^nard  (Jown.  de  hot.,  1890,  pp.  3  and  si  et  seq.)  special  emalsin-oelU,  correspond- 
ing to  the  myrosu -cells  of  the  Capparideae  and  Cmdierae,  are  wanting  in  the  leaves  of  Lmmr^ 
ftrmms ;  here  the  emolsin — together  with  tannin — is  localised  in  the  parenchymatoas  sheaths  of  the 
vascnlar  bandlct  of  the  veins  and  alio  in  the  thin-walled  cells  which  are  enclosed  by  the  arcs  of  hard 
bftrt  belonging  to  the  bandka. 
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composed  of  one  or  two  cells,  have  been  observed  by  KOster  in  Licmnim,  by 
Fritsch  in  Rubus^  by  Reinke  in  AkhemiUa^  Fragaria  and  Sangmwrbm.  With 
these  structures  we  may  associate :  (i)  the  glandular  shany  hairs,  provided 
with  a  stalk  of  varied  length  and  a  spherical  ordub-shapeofbead,  fouiid  oo  the 
vegetative  and  reproductive  organs  of  the  Rosae  and  Kitlri^  on  the  stipules  oi 
species  of  Prunus  and  Pyrus^  and  on  the  leaf-teeth  of  species  of  Prumus ;  (n) 
the  analogous  but  almost  se^e  glandular  structures  (nectaries)  on  the  petiole 
of  the  species  of  Prunus  ;  (iii)  the  glands  on  the  leaf-base  of  certain  species  of 
Parinarium ;  (iv)  the  glandular  leaf-teeth  in  species  of  Cyiamm^  Crmtmepa 
and  Pyrus  ;  (v)  the  large  leaf-glands,  described  by  Kfister  as  palisade-glaiuls, 
which  are  visible  even  with  the  naked  eye,  and  occur  in  Aciaa^  Ckrysobalmnms, 
Couepia  pro  parte,  Hiriella^  Licania^  Moqmlea ;  and  (vi)  the  glandular  spots 
on  the  lower  side  of  the  leaf  of  Prunus  caroliniana  and  Laurocerasus.  A  feature 
common  to  all  these  structures  Ues  in  the  fact  that  their  glandular  surface, 
which  either  secretes  resin  or  a  mixture  of  gum  and  sugar  (petiohur  glands  of 
Prunus  and  glandular  spots  on  the  leaves  of  Laurocerasus)^  is  formed  l^  one  or 
two  layers  of  palisade-like  cells,  beneath  which  terminations  of  vascular 
bundles  are  usually  found ;  the  secretion  is  formed  beneath  the  cuticle. 

The  glandular  shaggy  hairs  are  emergences  ;  their  stalk  is  usually  traversed  by 
a  vascular  bundle,  which  mostly  penetrates  into  the  glandular  heaa  as  lar  as  the 
layer  of  paUsade-cells.  In  the  Kosae  these  hairs  occur  not  only  on  the  asds  and  oo 
the  surface  of  the  leaf,  but  also  on  the  leaf-teeth  and  occasionally  also  on  the  spines 
(R,  centi folia,  f.  muscosa).  The  petiolar  glands  of  Prunus  are  monely  giatiHwUr 
shaggy  hairs  with  a  short  stalk  and  a  large,  spherical  head,  whidi  is  somewhat 
depressed  on  the  upper  side.  Beneath  the  palisade-hke  epidermis  of  the  glaadt 
of  the  Chrysobalaneae,  which  are  most  frequently  present  on  the  leaf-manin  as 
depressed  black  spots,  2-3  layers  of  cuticularized  parenchymatous  cells  are  foundi 
and  below  them  the  termination  of  a  vein.  The  latter  is  wantingbeneath  the  two- 
layered  palisade-hke  epidermis  of  the  glands  of  Laurourasus.  The  secretory  leaf- 
teeth  of  the  species  of  Crataegus,  Cydonia  and  Pyrus  have  somewhat  diverM  struc- 
ture (see  Reinke,  loc.  cit.),  but  agree  in  their  epidermis  being,  in  part  at  least, 
elongated  like  palisade-tissue  and  in  enclosing  terminations  of  veins. 

Secretory  leaf-teeth  also  occur  in  other  members  of  the  Order  (species  of  Akkt- 
milla,  Fragaria,  Kerria,  Rubus,  Sanguisorba,  and  Spiraea,  see  Reinke),  but  thete 
have  no  palisade-like  epidermis  ;  terminations  of  veins,  however,  enter  the  leaf -teeth, 
and  the  epidermis  frequently  (Alckemilla,  Fragaria,  Sanguisorba,  Spira§m)  contains 
a  group  of  water-pores. 

At  this  point  the  cork-warts  on  the  leaf  of  Couepia  bracUosa,  Benth.  may  be 
mentioned  ;  they  must  not  be  confounded  with  the  leaf -glands  of  other  Ch^rso- 
bsdaneae  already  referred  to. 

The  structure  of  the  petiole  has  been  investigated  by  different  authors  ; 
by  Petit  in  the  Rosaceae  generally,  by  Gerard  in  the  Pomeae,  by  Fritsch  in 
the  Rubi,  by  Protits  in  the  Spiraeeae,  Kerrieae  and  PotentiUeae,  and  by  C.  dc 
Candolle  in  Alckemilla.  According  to  Petit,  the  most  widely  distributed  con- 
dition is  the  presence  of  three  or  nve  vascular  bundles,  arranc^ed  in  the  form 
of  an  arc,  in  the  characteristic  region  ;  e.g.  in  Agrimonia^  Comarum^  Gtum^ 
PoUntilla,  Prunus^  QuiUaja,  Raphiolepis,  Rosa,  Rubus,  Sanguisorba,  Sarbus  and 
Spiraea  pro  parte.  In  other  cases  this  region  either  contains  an  arc  of  wood 
and  bast  with  both  margins  rolled  inwards  (Couepia),  or  an  annular  system  of 
vascular  bundles  {Chrysobalanus,  Grielum,  Licania,  Moquilea,  Neurada  and 
Spiraea  pro  parte),  which  occasionally  (Moquilea  guianensis)  encloses  a  strongly 
developed  vascular  bundle  with  its  xylem  directed  upwards.  The  numoer 
of  the  vascular  bundles,  which  enter  the  petiole,  is  in  most  cases  three  ;  thus 
Petit  gives  this  number  for  Agrimonia^  Geum,  Neurada^  PoUnHUa^  Pr%mus^ 
QuiUaja^  RaphioUlns,  Rosa^  Sanguisorba^  Sorbus  pro  parte  (S.  UUifoUa,  Pers.) 
and  Spiraea  (while  in  Comarum  and  Sorbus  Aucuparia  the  number  is  five) ; 
three  are  described  by  Fritsch  in  most  of  the  Rubi,  by  Gfrard  quite  genoally 
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in  the  Pomeae  (with  the  exception  of  Sarbus  Aucuparia)^  by  Protits  in  Kerria^ 
Rkadotypus  and  PoUntUla^  and  by  C.  de  Candolle  in  AlchemiUa,  It  may  be  added 
that  in  the  petiole  of  some  of  the  species  of  AlckemiUa  several  rings  of  wood 
and  bast^  enclosing  a  pith-like  tissue,  are  present  in  place  of  the  simple 
vascular  bundles. 

3.  Structure  of  the  Axis.  The  cork  originates  in  various  positions 
(Sanio,  J.  E.  Weiss,  DouUot,  &c.).  It  is  either  superficial,  the  pheUogen  being 
formed  from  the  epidermis  or  the  subepidermal  layer  of  cells,  or  internal, 
the  place  of  origin  being  situated  in  a  deeper  layer  of  the  cortex,  either  on  the 
inner  or  outer  side  of  Uie  bundles  of  hara  bast  belonging  to  the  pericyde,  or 
on  the  inner  side  of  a  variously  constituted  endodermis. 

Superficial  cork-formation  has  been  demonstrated  :  (a)  with  the  subepidermal 
layer  of  cells  as  the  place  of  origin,  in  the  whole  of  the  Chrysobalaneae  (Koster),  in 
Prunus  (incL  P$fsUa  and  Amygdalus),  in  Quillaja^  in  Rhodaiyfms,  in  CoUmsasUr  pro 
parte,  PkoHnia  and  OsisamsUs  pro  parte ;  (6)  with  the  epiaermis  as  the  place  of 
origin,  in  Rosa  (the  subterranean  portions,  however,  have  internal  cork-formation, 
according  to  Douliot)  and  in  Cydonia,  Pyrus  (incl.  Malus  and  Sorhus\  Mespilus, 
Crataegus.  Amsianckitr,  CotaneasUr  pro  parte  and  OsteomeUs  pro  parte. 

Internal  cork-formation  occurs  in  the  following  cases,  the  more  exact  place  of 
oriffin  of  the  cork  being  added  in  brackets :  Sfirasa  (outermost  layer  of  phloem- 
celu  within  the  endodermis  in  5.  Filipsndula,  Stc. ;  layers  on  the  inner  side  of  the 
bundles  of  hard  bast,  which  belong  to  the  pericyde,  in  S,  opulifalia,  Ac. ;  seventh  to 
mnth  row  of  cells  below  the  epidermis  ana  8>io  cell-layers  distant  from  the  primary 
hard  bast,  in  5.  sorbifolia,  &c. ;  layer  of  cells  on  the  inner  side  of  a  suberized 
endodermis,  with  horseshoe-like  thickenin|;s,  2  or  3  rows  of  cells  internal  to  which  lies 
the  primary  hard  bast,  in  5.  chamaedrifaita,  Ac.  ;  according  to  J.  £.  Weiss) ;  Kerria 
and  Nevtusa  (within  an  endodermis,  which  is  situated  i  or  2  cell-layeri  outside  the 
groups  of  haid  l>ast  of  the  pericycle) :  Hubus  and  Dryas  (immediately  external  to 
the  hard  bast  of  the  pericycle) ;  among  the  Potentilleae  in  the  genera  Geum.  Coiuria, 
Fragaria  and  PoUntilia  with  Comarum.  and  among  the  Poterieae  in  the  genera 
AUhemtlia.  Agrimonia,  Acaena,  Poterium  and  Sanguisorba  (in  these  generally  on 
the  inner  ^e  of  an  endodermis,  which  forms  the  boundary  of  the  primary  cortex). 
In  accordance  with  the  above  statements  it  appears  that  superfidal  formation  of 
cork  may  be  espedally  characteristic  of  the  Chrysobalaneae,  Pruneae,  Roseae 
and  Pomeae,  internal  cork -formation  of  the  remaining  tribes  investigated  ;  this 
result,  however,  requires  further  confirmation. 

Some  other  peculiarities  of  the  periderm  of  certain  species  remain  to  be  discussed. 
In  OsteomeUs  cordaia,  in  which  the  cork  arises  subcpidermally,  the  epidermis  peels 
off  and  the  outermost  layer  of  cork-cells  undergoes  papillose  differentiation  (Gerard). 
In  manv  hert>aceous  genera  {Potentiiia,  Comarum,  Sanguisorba,  Agrimonia,  Fragaria. 
Geum,  Spiraea)  the  tissue  produced  by  the  cork-cambium  also  includes  cellulose-cells 
(termed  phelloid  cells),  which  are  occasionally  even  more  numerous  than  the  suberised 
celb.  In  this  case  the  cork-cells  are  seen  to  form  tangential  rows  between  the 
phelloid-cells,  and,  prior  to  their  complete  suberization,  appear  similar  to  endodermal 
cells,  m  which  Caspary's  dark  dots  can  be  recognized  on  the  radial  walls.  In 
Camarum  palustfe  and  Poterium  Sanguisorba  (both  marsh-plants)  there  are  small 
intercellular  spaces  between  the  phelloid  cells,  indicating  a  point  of  agreement  with 
aerenchyma.  According  to  T.  ^.  Weiss,  in  a  certain  number  of  the  fenera  which 
possess  phelloid<eUs  (namely,  those  mentioned  above  excepting  Spiraea),  the 
sequence  of  divisions  in  the  formation  of  the  cork  differs  from  what  is  usual. 
In  these  plants  a  cell  is  cut  off  internally  by  the  first  tangential  wall ;  it  remains 
in  a  resting  condition  for  some  time,  and  only  sut)sequenUy  t>ecomes  the  mother- 
cell  of  a  second  lamella  of  cork  ;  in  the  outer  cell  i-io  divisions  take  place  in  the 
normal  order,  and,  of  the  cells  thus  formed,  only  the  innermost  cell  and  the  inner- 
most but  one  become  suberized,  whilst  the  remaining  cells  remain  unsuberized. 
Regarding  the  nature  of  the  cork  in  the  woody  species,  Moiler  states  that  the  cork- 
ceUs  mostly  have  deUcate  walls  and  are  occasionally  sclerosed  on  their  outer  sides  in 
the  Pomeae.     Phelloderm  has  been  met  with  in  many  members  of  the  Order. 

The  outer  portion  of  the  primary  cortex  is  frequently  collenchymatous 
in  the  woody  spedes;  occasionally  (species  of  Osieameles  and  Aria  according 
to  Gerard)  the  cortex  includes  groups  of  stone-cells,  and  in  Prinsepia  and 
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Sfylobasium  it  contains  palisade-parenchynia.  The  endodennis  in  the  herba- 
ceous spedes  has  aheady  been  discussed  in  the  description  of  the  cork.  The 
pericycle  of  the  woody  genera  contains  primary  bundles  of  hard  bast, 
which  become  united  to  one  another  by  means  of  stone<ells  either  locally  (io 
species  of  Chaenomdes,  Crataegus^  OsUomeUs^  Sorbus  and  Sirimvaesim)  or 
completely  (in  Chrysobalaneae,  except  Prinsepia  and  Stylobasium^  specks  df 
Rubiis  of  the  section  Malackobatus) ;  in  the  Chiysobalaneae  these  stoncsoeUs  are 
thickened  only  on  one  side,  the  thickening  having  in  transverse  sectk>n  the  fonn 
of  a  horseshoe.  According  to  Gdrard  and  MoUer  secondary  hard  bast  is  developed 
in  many  members  of  the  Order,  and  according  to  Kiister  occurs  in  the  Chryso- 
balaneae.  The  variously  constituted  fibres  (see  MdUer)  which  compose  it  are 
either  irregularly  distributed  (Amygdaleae),  or  form  bundles  or  small  tangential 
plates  {CatomasteTf  Crataegus^  Cydonia^  QuUlaja^  Rosa)  or  connected  <nrunders 
arranged  concentrically  (MespUust  Pyrus^  SorbuSf  Spiraea).  In  MoqmiUa, 
according  to  MdUer,  the  secondary  hard  bast  is  replaced  bv  groups  of  stone<«lls. 
The  following  statements  regarding  the  structure  of  the  wood  are  essen- 
tiaUy  based  on  my  earUer  investigations  ^  The  breadth  of  the  medullary 
rays  and  the  size  of  the  lumina  of  trie  vessels  vary.  The  Chrysobalaneae,  for 
instance,  have  narrow  medullary  rays  throughout  (Kiister),  while  in  species 
of  Rosa^  Rubus,  Spiraea  and  Ktrria,  broad  medullary  rays  have  been  observed. 
In  the  Chrysobalaneae,  the  lumina  of  the  vessels  have  a  diameter  whidi  does 
not  exceed  -03  mm.,  while  in  Rosa  canina,  for  instance,  they  attain  a  diameter 
of  -15  mm.,  and  so  on.  The  diameter  of  the  bordered  pits  on  the  vessd-waUs 
varies  between  -003  and  -006  mm.  Bordered  pitting  is  usuaUy  also  foand 
on  the  wall  of  the  vessel  where  it  is  in  contact  with  parenchvma ;  only  in 
Hirielia  and  other  Chrysobalaneae  do  simple  pits  occur  in  these  places  in 
addition  to  the  bordered  mts.  Spiral  thickening  of  the  pitted  vttsels  has 
been  observed  in  species  of  Prunus^  Kageneckia,  ClifforHa^  Rosa,  Cydanim  (with 
Chaenomeles),  Pyrus  (with  Sorbus,  MicromeUs),  MespUus,  CotoneasUr^  PhoUnia 
(with  Eriobotrya),  Raphiolepis,  Atnelanchier  (with  Aronia).  In  the  Chryso- 
balaneae the  perforations  of  the  vessels  are  exclusively  simple  (KQster) ;  00 
the  other  hand,  in  the  whole  of  the  Rosaceae  investigated  by  me,  with  the 
exception  of  the  Chrysobalaneae,  and  in  QuMaja  according  to  C^il^,  scalarifonn 
perforations  are  present  (at  least  in  the  neif  hixmrhood  of  the  primary  wood), 
m  addition  to  the  predominant  simple  (drcukr  or  eUiptical)  perforations.  The 
number  of  bars  in  the  former  is  either  very  hu-ee  (QuiUaja),  consider- 
able {Neillia),  or  small  (Kageneckia),  Scalariform  perforations  rarely  {NeiUia, 
QuiUaia)  occur  also  in  the  secondary  wood.  The  tendency  to  the  formatioo 
of  scalariform  perforations  in  this  Order  (excluding  the  Chrysobalaneae)  also 
shows  itself  in  the  occurrence  of  special  modifications  in  certain  snedes.  In 
Quillaja,  combinations  of  both  forms  of  perforation  are  found,  tne  middle 
of  the  scalariform  perforation  showing  a  simple  circular  opening  ;  in  Spiraea 
ulmifolia.  Scop.,  simple  elongated  elhptical  perforations  occur ;  in  PoUnUUa 
frtUicosa,  L.,  Cydonia  vulgaris,  Pers.  and  Morbus  Aucuparia,  L.,  ibtrt  are 
circular  perforations  with  a  network  of  bars.  The  lumen  of  the  v^sd  has 
been  observed  to  be  filled  with  siUca  in  the  plant  which  forms  the  source  of 

*  Thoe  extend  to  spedet  of  Chrysobalmmu,  Hirtella,  Prtmus,  Amygdaim^  NnUm,  Sfirmm, 
SiepkaMOMdra^  Kagtmtkia^  Ruhm,  Pcientilia,  CUfforHa,  Hosa,  CnUaiFus,  Cjnimm,  S^Hm;  tec 
alto  Moller,  Chalon  and  Borgerstein,  IL  cc.  The  resnlu  of  the  carefnl  inTcttigmtioiis  of  the  Un- 
named author  cannot  be  entered  into  in  detail,  etpcciallj  as  they  ont j  have  reiercDce  to  icUdvely 
thick  p^rts  of  the  axis.  These  researches  extend  especsallj  to  nnmcroos  spedet  of  the  folloinng 
genera  of  Pomeae :  /^^rms,  Mtsfilus,  Craioigm,  Cat^measier,  PkMimm,  Siranvmtsim  and  Aw^mt- 
(kUr  (senso  Dorand),  and  coodude  with  a  table  for  their  determination,  in  which  the  oecimcnce  or 
absence  of  tertiary  thickening -layers  in  the  ressels  and  trachddcs,  the  breadth  of  the  vssscis,  the 
hdght  of  the  medullary  ray>ceils,  the  number  of  the  medullary  rays  to  the  mm.  (in  a  trmnsvene  se^km) 
and  the  number  of  rows  of  cdls  in  the  aMdvllary  myt  (in  a  tangential  scctioo)  fom  the  ( ' 
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Cauto*bark  (K&ter),  and  with  carbonate  of  lime  in  the  heart*wood  of  Sorbus 
iorminalis  and  Pyrus  microcarpa  (Molisch).  Apart  from  the  Chrysobalaneae, 
wood-parenchyma  is  Uttle  developed.  In  the  thrysobalaneae  it  either  forms 
tangential  bands,  or  even  the  chief  part  of  the  wood.  The  walls  of  the  pros- 
enchymatous  groundwork  of  the  wood  as  a  rule  bear  bordered  pits,  and 
are  occasionally  (species  of  Stepkanandra.  Rosa^  Cydonia,  Chaenomdes^  Mes- 
piius^  CraUugus)  also  provided  with  a  spiral  band.  Among  the  ChrysobaJaneae 
K  lister  describes  simple  pitting  of  tne  prosenchyma  in  Sfylobasium  only ; 
side  by  side  with  the  wood-fibres  bearing  bordered  pits,  others  with  simple 
pits  are  sometimes  {Spiraea^  Kerria^  Rhodofypus  and  PoientiUa)  found  in 
subordinate  quantity ;  the  latter  are  provided  with  delicate  division-wadls  in 
Spiraea  tdmijolia.  Lastly,  mention  must  be  made  of  the  occurrence  in  Ferolia 
guianensis^  AubL  of  a  xylem-mass  with  a  tier-like  structure  (involving  the 
medullary  rays)  (HMmel). 

According  to  Gris  and  others,  the  pith  is  either  homogeneous  (Cydonia^ 
Pyrus  pro  parte, — namely  P.  communis, — PkoHnia,  ind.  Eriob^rya,  Arndanchier) 
or  heterogeneous  {Spiraea^  Rubus^  Rosa,  Pyrus  pro  parte, — namely  Pyrus  malus, 
—and  species  of  Sorbus,  MespUus  and  Crataegus),  In  the  latter  case,  the  peri- 
pheral part  of  the  pith  is  formed  of  active  cells  with  fairly  smaU  lumina  and 
thick  walls,  while  the  central  part  is  occupied  by  empty  cells  with  larger  lumina 
and  thinner  walls  in  addition  to  active  cells  of  the  structure  described.  The 
active  ceUs  of  the  interior  of  the  pith  frequently  contain  tannin,  and  in  that 
case  are  arranged  in  rows,  which  are  occasionally  (species  of  Spiraea  of  the 
section  Eubaius,  certain  species  of  Rosa)  distributed  in  a  reticulate  manner 
among  the  remaining  active  cells.  The  different  modes  of  arrangement  of  the 
tannin-cells  in  the  pith  have  been  made  use  of  by  Fritsch  for  systematic  pur* 
poses  in  the  species  of  Rubus.  The  pith  of  the  Chrysol^danean  genus  Prin* 
sepia  is  characterized  by  a  special  structure,  i.e.  septation  of  the  pith 
without  sclerosis. 

Note. — With  regard  to  the  structure  of  the  root  it  may  be  mentioned  that  in 
many  genera  the  layer  of  cells  situated  immediately  outside  the  endodermts  is  pro- 
vided with  ridge-like  thickenings  on  the  radial  and  transverM  walls  (Van  Tieghem's 
'  r^seau  tus-endodermiqae ').  According  to  Van  Tieghem  and  Russow  these  are 
found  in  Prun%u  incL  Amygdalus  and  Cerasus,  Nuttaiia  ;  Spiraea,  Ezockorda, 
GtUenia^  Kerria,  Rkodotypus,  Neviusa  ;  Rubus,  Dryas,  Sieversia,  Waidsteinia  pro 
parte,  and  Sibbaldia  pro  parte  ;  Agrimonia,  Acaena,  Sanptisorba  ;  Rosa  ;  Cydonia 
mcL  Chaenomeies,  Pyrus  incL  Malus  and  Sorbus,  MespiTus,  Craiaegus,  Coioneaster, 
Photinia  tncL  Erioboirya,  Raphiolepis,  Stranvaesia  and  Amelanchier, 

Utcntve :  Criifer,  Bo(.  Zcit.  i8j(7,  p.  399  et  Kq.^WtgaDd,  Doorg.  etc,  in  Pringiheim  J«hrb., 
Bd.  tii,  tS6i«  p.  115  ec  tcq.  and  Tat  r-viL— Trfcol,  Tannin  dct  R.,  in  Coapt.  rend.,  t.  U,  1865, 
p.  1035  ct  9tq,  and  Adanionia,  t  Tti,  pp.  337-i4J.~Chalon,  Tigci  lign.  dicotylM.,  M^.  i*',  1867, 
pp.  iJ-38  and  M^m.  ii,  1868,  pp.  18-4$  and  pi.  H-t.— Ilanttcin,  Bo(.  Zctt  1868,  pp.  754,  7$$.— 

(;r;«,  MoeUc,  NouT.  Arch.  Mni.  dliist.  nat.,  t  vi,  1870,  pp.  969-78  and  pi.  17 Ranter,  Trichom- 

grb.,  teparate  copy  from  Dcoktchr.  Wiener  Akad.  1871,  p.  30  eC  teq.  and  Taf.  iz.~Maftinet, 

Ori;.  d.  ito^.,   Ann.  k.  nat.,  1^.  5,  t.  lif,  1873,  pp.  189  and  193  et  Mq..  pi.  19 Uhlwonn, 

Tnchone,  BoC.  Zeit.  1873.  p.  7(7  cC  teq.— I>elbroock,  Pflanxenitach.,  in  flanitetn,  Bot.  Abh., 
fid.  11,  1875,  pp.  36,  53, 60  et  teq.  (here  alio  the  older  literatare  of  the  tobiect  in  cmcttion).— Romow, 
I^tb..  B.  Gnindfewebe,  Dorpat,  187$,  p.  73.^M6ller.  Holianat.,  Denkidir.  Wiener  Akad.  1876, 
pp.  108-1 1  and  404  ct  teq.  — Keinke,  SekrctlootorK.,  in  Pringiheim  Jahrb..  fid.  a,  1876,  p.  I30  et  tcq. 

and  Tab.  xi.^De  Bary,  Veri^l.  Anat.,  1877 Moliich,  Kohlent.  Kalk.  in  SitL-Ber.  Wiener  Akad., 

B<i.  luLxiv,  Abe  1,  1881.  p.  13 — Moller,  Rindenanat.,  i88>,  op.  354-74.^Vetqne,  Ann.  tc  nat, 
aer.  6.  t.  xv.  1883,  p.  114. — Homdin.  Criit.  d*oz.  de  duoz  dans  let  f.  des  L^.  et  des  R.,  Boll. 
Coofret  intcraat.  dc  bot.  et  d*bort.  k  St.  P^ter&boarg  1884,  pp.  76,  77. — Gerard,  l7anat.  eonp.  tMu 
appL  k  la  dattificat.  (Sar  let  Pomacect),  Thete,  Pari*.  1884,  67  pp.  and  4  pl.~Hohnel,  StocJcw. 
HoUk.,  Sitx..Ber.  Wiener  Akad.,  Bd.  Uzzix,  Abt.  i,  1884,  p.  43.~Mcntoricb,  Mark,  Hanipuian. 
KlaMcnborK,  1885;  abttr.  in  Jott  1885,  i.  p.  789.^-Solereder,  Holntndctur,  1885,  pp.  110-13.— 
Krltidi,  Anat.  tytt.  Send,  fiber  d.  Gattnng  ^«Jki,  SiU.>Ber.  Wiener  Akad.,  Bd.  zer.  1887, 
s8  pp.  and  J  Taf.— PMit,  P^iole,  Mte.  Soc  tc.  phya.  ct  nat  de  Bordcanx.  t^.  3,  t.  iii,  1887, 
pp.  365-71  and  pi.  i-iii.~Van  Tlcfbca^  R^taaa  tna  cndod.  de  la  lac  dct  R.,  BalT  Soc  bol.  de 
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France  1887,  p.  aai  et  icq. ;  lee  also  Ann.  ic  nat,  i^*.  7,  t  tUI,  1888,  p  I9i«— VoUosBt^  Acmt- 
arab.  Wiiste,  1887,  p.  lai  and  Tab.  iv  and  iz.^[ClioaT,  Rech.  anat.  et  pbTt.  wu  Vm  DirMMcttT^im, 

1888,  136  pp.]— £ngler,  in  NatiirL  Pflanienfun.,  iii.  Teil,  Abt  3,  1888,  pp.  3,  4.^KoU,  Kmlkiabe 
etc.,  Marbo^,  1888,  pp.  an  and  246  et  ieq.~Petit,  PMole,  Act.  Soc  Unn.  de  Botdcnx*  t.  afin, 

1889,  pp.  a  I -3  and  pi.  i. — Doaliot,  PMdenne,  Ann.  ic.  nat.,  t^.  7,  t  z,  1889,  npi  353-0.— »BnHidB« 
RecL  anat  tor  let  bjbrides,  Compt  rend.,  t  ad,  1890,  P.  317  et  leq.  and  Reroe  de  boC  1890^ 
pp.  433  and  477  et  seq. — Lalanne,  Feoillet  persist.,  Act.  Soc  Linn.  Bocdcaax»  i^.  5*  t.  hr»  1890^ 
pp.  61  and  109  and  pi.  iii  and  Tii.— T.  £.  Weiss,  Korkbild.,  Denkschr.  Resensborg.  bot  Gctdlsck. 

1890,  pp.  aa'3a  and  6a,  63.~Protiu,  Yergl.  anat.  Unters.  iiber  d.  Veg.-Org.  dcr  Kcrricen,  Spin«i 
n.  Potentilleen,  Sitz.-Ber.  Wiener  Akad.,  Bd.  c,  1801,  3a  pp.  and  i  Tkb.— StiMbvger,  Bn  m. 
Verr.,  1891,  pp.  s76-8o.-'Maciarlane,  Min.  stmct  of  hybrids,  Tranaact.  R.  Soc  Edinborgh  189a, 
p.  aa5  et  leq.  and  pi.  v. — Waisbecker,  Biiicbelhaare  d.  Potentillen,  Oesterr.  boC  ZdtscDr.  1898, 
pp.  363-5. — t*  ^^  Candolle,  AUkemiila,  Ball.  Herbicr  Boittier,  t.  i,  1893,  ppw  485-95  sad 
pi.  a4,  35. — Gilg,  in  Natiirl.  Pflanienfam.,  iii.  Teil,  Abt  6,  1893,  pp.  ia9,  I30.«*H.  Sdieock,  Anat 
d.  Lianen,  1893,  pp.  157,  158.— Meigen,  in  Engler,  Bot  Jahrb^  od.  xriii,  1894,  p.  447.— RbiII, 
Ann.  M.  nat.,  ler.  8,  t.  i,  1895,  pp.  337  and  345.— Bnr^eittein,  Vergl.  hist  untcnMnafai  dcs 


Holies  der  Pomaceen  etc.,  SiU.-Ber.  Wiener  Akad.,  Bd.  av,  Abt.  1,  1895,  pp.  733-73  aad  Bd.  or. 
Abt  1 ,  1 896,  pp.  5|a-8a  (lee  also  Wiener  Illoitr.  Gartenzeit.  1 896).— Krach,  EpM.  mac,  Ann.  R.  bt 
bot.  di  Roma  1896,  leparate  copj,  pp.  34-84  and  tav.  viii. — ^Parmentier,  Ann.  sc  nat,  i^.  8,  t  ii, 
1896,  p.  9  et  leq.— Virchow,  Blattzihne,  Arch.  d.  Pbarm.  1896,  pp.  K3,  55  and  K7. — DMs,  Ncoee^ 
land,  in  Engler,  Bot  Jahrb.,  Bd.  zxii,  1896,  p.  350.— Wittlin,  KsAkoialattsschtn,  Bot  CcatffeibL 
1896,  iii,  p.  36.— Diedicke,  Ban  veget.  Org.  von  PotmtiUa  olbaykSttriHs  etc..  Mitt  tbir.  bot  Ver., 
Heft  10, 1897,  pp.  a3-8.~Kiister,  Anat  Charaktere  dcr  Cbrysobalanecn  etc,  Bot  CcntialbL  1897, 
i,  pp.  46,  97,  139,  161,  193  and  33^  et  leq. — Folgner,  Spt  n.  pflaniengeogr.  Verbr.  d«  Pooac, 
Oesterr.  bot.  Zdtichr.  1897,  pp.  168-78.— [Parmentier,  Rech.  anat.  et  tax.  sor  1e  Kom  b.  etc, 
Compt  rend.  Soc.  roy.  de  bot.  de  Belgiqne  1897,  p.  34  et  leq.]— K«bla«  PheUodcm,  Bot 
Centralbl.  1897,  iii,  p.  166  et  leq.— [Briatigam,  Anat  Charaktere  d.  Kos.-Bastarde,  Disk,  Eriingrw, 
i^7>  53  PP->  3  Tab.— Borgentein,  HoUstr.  d.  Pomac,  Sitz.-Ber.  Wiener  Akad.,  Bd.  crii, 
Abt.  I.  1898,  pp.  8-33  and  Xylotom.-tyst  Stnd.  Uber  d.  Gatt  d.  Pomac,  Tahresber.  Staatsgywi.  IL 
Bex.  Wien  1898,  35  pp. — Parmentier,  Rech.  anat  et  tazin.  snr  les  Rosieis,  Am.  ic  nat,  s^.  I, 
t  Ti,  1898,  pp.  1-175  and  8  pi. ;  see  also  Compt.  rend.  Congrb  des  Soc  tav.  1898,  p.  aao^— CiMn, 
L*anat.  appl.  k  U  classafic.  Ball.  Soc  roy.  de  bot  de  Belg.,  t.  nzni,  i,  1898,  pp.  7-15,  aod  Les 
idto  d*an  anatomiste  etc,  loc.  cit,  pp.  151 -aoi.] 

SAXIFRAGACEAE. 

I.  Review  of  the  Anatomical  Features.  Only  a  few  features  com- 
mon to  all  the  members  of  the  Order  are  present,  but,  on  the  other  hand, 
there  are  numerous  anatomical  characters  for  groups  and  species.  A  tendency 
to  the  formation  of  scalariform  perforations  in  the  vessels  is  peculiar  to  aU 
the  woody  genera,  since  scalariform  perforations  are  always  present,  either 
exclusively  or  side  by  side  with  sinrple  openings.  In  most  members  of 
the  Order  there  is  no  special  type  ot  stoma ;  only  in  Dichroa^  Donaiu^ 
Quintinia,  and  certain  groups  of  species  of  Hydrangea  are  subsidiary  cdls 
found,  which  are  placed  i>arallel  to  the  pore.  With  regard  to  the  general 
structure  of  the  wood  in  the  woody  species,  it  may  be  noted  that  the  medullary 
rays  vary  in  breadth,  that  the  vessels  of  the  wood  have  a  maximum  diameter 
which  varies  between  '04  and  -06  mm.,  that  the  walls  of  the  vessels,  where 
they  are  in  contact  with  parenchyma,  exhibit  large  simple  or  bordered  pits, 
that  the  wood-parenchyma  is  Uttle  developed,  and  that  the  wood-prosenchyma 
either  has  boroered  or  simple  pits  or  both.  As  regards  the  origin  of  the  cork, 
external  (in  PeUiphyllum,  Engl.,  Vahlia^  the  Cunonieae,  the  Esodlonieae,  with 
the  exception  of  EscaUonia)  as  well  as  internal  cork  (in  most  of  the  Saxifrageae, 
in  the  Francoeae,  Philadelpheae,  Hydrangeae,  Ribesieae  and  in  EscaUonia)  is 
fotmd.  The  boundary  of  the  bast  and  primary  cortex  exhibits  a  very  varied 
structure.  Bast-fibres  in  the  secondary  bast  are  rare.  The  nature  of  the  hairy 
covering  is  variable.  Simple  unicellular  hairs  have  been  observed  in  the 
Philadelpheae,  Hydrangeae,  Cunonieae,  Escallonieae  and  species  of  Ribes;  simple 
uniseriate  hairs  in  Saxifraga  ;  tufted  hairs  in  Camidia^  PiUostegia^  CaUiccmm 
and  Broussaisia  ;  unicellular  semi-malpighian  hairs  in  Abrofhyllum;  true  mal- 
pighian  hairs  in  Argophyllum^  Deinanihe^  Colmeiroa;  unicellular  stellate  hairs 
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in  Deuixia  (Fiff.  68»  B-C) ;  lastly,  shaggy  hairs  in  AsHlbe,  Baykinia^  Heuckera^ 
PeUiphyUum^  Saxifraga^  TiarMa  and  Talmiea.  The  hairs  just  referred  to,  which 
occur  in  the  Philadelpheae  and  the  Hydranfeae,  in  Comidia  and  PiUosUgia,  in 
DeinatUke  and  Deutxia  are  calcified.  A  nuniber  of  other  trichomes  possess  glan- 
dular functions,  e.g.  glandular  hairs  with  a  uniseriate  stalk  of  variable  length,  and 
a  multicellular  glandular  head  (Saxifraga  and  other  Saxifrageae),fflandular  hairs 
^ith  a  uniseriate  stalk  and  a  unicellular  glandular  head  (Francoa^  feiiUa,  Vahlia)^ 
glandular  shaggy  hairs  {EscaUonia  Fig.  68,  D,  Ribes^  Ceratopetalum,  Saxifraga 
and  other  Saxifrageae),  small  glandular  hairs,  composed  of  few  cells  {Abro- 
phylium)^  peltate  glandular  hairs  {Quiniinia,  Bergenia).  The  external  glands 
of  Cepkaloius  (Fig.  69),  which  occupy  an  isolated  position  with  regard  to  their 
structure,  are  not  hair-like.  Oxalate  of  lime  is  excreted  in  various  forms,  viz. 
as  raphides  (Hydran^eae),  styloids  (Comidia^  EscaUonia)^  clustered  crystals 
(Saxifrageae,  Escallonieae  pro  parte,  Ribes^  Philadelphus^  CarpenHera)^  ordinary 
solitary  crystals  (Bauera\  solitary  and  clustered  crystals  (Cunonieae,  Escal- 
lonieae pro  parte),  and  lastly  as  crystal-sand  (AorophyUum),  Among  the 
secretions  present  wc  may  mention  in  the  first  place  the  mucilaginous  epi- 
dermal cells,  found  in  the  leaves  of  all  Cunonieae  lutherto  investigated.  Almh 
phyllum  has  a  ring  o(  laticiferous  sacs  in  the  pericycle  of  the  axis.  Resiniferous 
intercellular  systems  have  been  observed  in  the  primary  cortical  tissue  of 
Roussea,  DanaHa  and  Vaklia  (Fig.  67),  secretory  cells,  of  undetermined 
nature,  in  the  stem  of  Pamassia^  elongated  tanniniferous  secretory  sacs  in  the 
epidermis  of  the  leaf  of  Lepuropetalon^  Pamassia,  Ckrysosplenium^  and  o(  the 
species  of  Saxifraga  belonging  to  the  section  Cymbalaria,  In  conclusion, 
some  other  anatomical  features,  which  have  been  observed  in  the  Order,  may 
be  referred  to,  viz. :  the  frequent  occurrence  of  hypoderm  on  the  upper  side  of 
the  leaf  in  the  woody  genera,  the  occurrence  of  water-pores  and  of  the  chalk- 
glands  (Fig.  66)  which  are  connected  with  water-pores,  m  Saxifraga,  of  spicular 
cells  in  the  leaf-parenchyma  {Panckeria),  and  of  cork-warts  on  the  surface  of 
the  leaf  (Cornidia,  Roussea),  and  lastly  the  development  of  medullary  (species 
of  Saxifraga  ;  Rodgersia)  or  of  medullary  and  cortical  {PeUiphyllum)  vascular 
bundles. 

In  the  special  part  which  follows,  the  structural  features  of  the  leaf  and 
axis  in  the  baxifrageae  and  Francoeae  are,  for  reasons  of  convenience,  dis- 
ciLssed  separately  from  those  of  the  remaining  tribes,  and  the  anatomy  of  the 
anomalous  genus  Cepkaloius  is  taken  last. 

A.    Saxifrageae  and  Francoeae. 

2  A.  Structure  of  the  Leaf  '.  The  leaf-stractnre  varies.  Within 
the  genus  Saxifraga,  for  example,  the  mesophyll  is  differentiated  into  palisade 
and  spongy  parenchyma  in  5.  cUiata  and  ^.  Ungulata,  while  in  5.  caesia  it  is 
uniform  and  composed  of  rounded  cells.  Thouvenin  describes  the  occurrence 
of  bifacial  leaf-structure  in  species  of  Zaklbrucknera,  Tellima,  MiieUa,  Tiarelta^ 
Heuckera,  AsUlbe,  Hoieia  and  Ckrysosplenium,  of  centric  structure  in  Vaklia, 
while  DonaHa  magellanica  has  the  same  character  as  5.  caesia.  The  lateral 
walls  of  the  epidermal  cells  are  undulated  or  straight.  A  S|)ecial  feature  is 
presented  by  the  differentiation  of  the  epidermis  of  the  leaf  m  the  species  of 
Saxifraga  belonging  to  the  section  Cymbaiaria,  in  the  monotypic  genus  Lepuro- 
petaton,  m  Parnassia  palustris,  and  in  Ckrysosplenium  alternifolium  and  C. 
opposiHfolium  (according  to  Engler,  Thouvenin  and  Zopf),  where  long  vermi- 
form cells  with  tanniniferous  contents  are  present  between  the  ordinary  epi- 
dermal cells  of  these  plants.  These  tannin-sacs  occasionally  even  project 
above  the  level  of  the  surface  of  the  remaining  epidermal  cells,  and,  as  their 

'  Moat  important  litermtiire :  Tboovcaui  and  Leisi,  IL  cc. 
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contents  becon^e  brown  when  the  plant  withers  or  is  diied,  they  can  often  be 
recognized  with  the  naked  eye  in  herbarium-material  as  small  brown  striae. 
According  to  Engler,  they  are  produced  by  fusion  in  Saxifraga^  but  not  so  ia 
Parnassia.  accoroung  to  Thouvenin. 

The  stomata  f re<}uently  occur  on  both  sides  of  the  leaf.  They  are  nsuafly 
surrounded  by  a  variable  number  of  epidermal  cells,  which  are  occasionally 
distinguished  from  the  other  cells  by  theu*  smaller  size.  A  special  orientation  of 
the  cells  adjoining  the  stomata  has  been  observed  only  in  DonaUa  magdiamcB ; 
here  four  such  ceUs  are  present,  the  two  smaller  of  which  are  jdaced  parallel 
to  the  pore. 

The  distribution  of  the  stomata  within  the  ^enus  Saxifraga  is  often  very  peculiar. 
While  in  5.  HueHana^  5.  hirsuta,  S,  rotundifolta,  and  the  most  neariy  aUiea  speda 
no  stomata  are,  according  to  Leist,  met  with  on  the  upper  side  of  the  leaf,  in  5.  Ccfy* 
ledon,  according  to  the  same  author,  only  that  portion  of  the  leaf  situated  ncarcit 
to  its  tip  bears  stomata,  but  on  both  sides ;  in  5.  caesia  and  its  allies  stomata 
occur  only  on  the  margin  of  the  leaf;  in  5.  bronchiaiis  they  occupy  the 
middle  of  the  upper  side  of  the  leaf,  wlulst  on  the  lower  side  tney  are  to  be 
found  only  at  the  margin.  The  distribution  of  the  stomata  in  the  senn 
Chrysosplenium  is  of  systematic  value  (Borodin)  in  a  different  way.  All  the 
Altemifaiia  have  stomata  on  the  lower  side  of  the  leaf  only,  the  species  of  DuJy- 
splenium,  on  the  other  hand,  have  thecn  on  both  sides.  In  addition  to  this,  ^ 
stomata  of  the  A  Itemi folia  are  arranged  in  groups.  Moreover,  according  to  Thouvemn, 
the  tendency  to  form  groups  of  stomata  is  also  exhibited  by  certain  52urt/raf a#,  most 
distinctly  by  5.  sarmentosa,  in  which  the  stomata  accompanied  by  undulated 
epidermal  cells  with  fairly  small  lumina  occupy  the  surface  of  lenticular  prominencei 
on  the  leaf-surface,  while  the  interveninfi"  epidermis  is  composed  of  odb  with 
straight  lateral  walls.  Licopoli  described  these  nroups  of  stomata  in  5.  smtm§miotM 
as  glands  ;  Treviranus  had  previously  observed  them. 

In  addition  to  the  true  stomata  water-porea  have  been  observed,  especially 
in  the  species  of  Saxifraga,  and  also  in  ChrysospUnium  (Borodin),  jdlima 
grandiflora  (Reinke),  and  in  Mitella  and  Heuchera  (De  Bary). 

The  water-pores  have  been  examined  most  thoroughly  in  Saxifrasa.  They  occur 
on  the  upper  side  of  the  leaf,  viz.  always  above  the  terminations  of  veins  or  above 
their  glandular  epithema,  which  is  usually  clearly  developed.  In  certain  species  of 
Saxifraga,  e.  g.  5.  Aixoan,  the  water-pores  occur  at  the  base  of  the  leaf-teeth  ;  in  tiie 

eimately  lobed  leaves  of  5.  feramoides  each  lobe  bears  a  pore,  and  in  the  haear 
ves  of  certain  species  there  is  only  one  pore  at  the  tip  of  the  leaf.  In  many  cases 
the  water-pores  lie  in  the  same  plane  as  the  rest  of  the  epidermal  cells ;  in  other  cases 
they  he  at  the  bottom  of  pit-hke  depressions  in  the  surface  of  the  leaf.  Pits,  the  base  of 
which  is  occupied  by  water-pores,  constitute  those  organs  which  have  been  tenned 
chalk-glands  (Fig.  66)  in  the  Saxifragae.  For  from  ttie  solution  of  bicarbonate  of 
lime,  which  the  water-pores  secrete,  carbonate  of  Ume  becomes  deposited  in  the  pits 
by  the  action  of  the  air  (LicopoU),  and  not  only  fills  the  depression,  but  occasMO- 
aUy  forms  scales  which  cover  considerable  portions  of  the  surface  of  the  plant. 
and  are  visible  even  with  the  naked  eye.  Naturally  the  q^uantity  of  lime  eiccreted 
stands  in  relation  to  the  chemical  nature  of  the  soil  in  which  the  plant  in  auestioo 
grows;  thus  it  may  happen  that  individuals  of  the  same  species  from  oifferent 
habitats  may  have  a  different  appearance  so  far  as  their  calcareous  covering  is  coo- 
cemed.  The  chalk-glands  in  question  occur  on  the  crenations  of  the  leaf-margin 
in  the  species  of  the  section  Euaixoonia,  Schott,  on  the  upper  side  of  the  leaf  in  the 
species  of  the  sections  Kabschia,  Engl.,  and  Porpkyrion,  Tausch  ;  in  the  latter  case 
several  are  occasionally  (e.  g.  in  5.  caesia)  found  in  a  row  along  both  margins,  whilst 
an  odd  one  occurs  near  the  apex  of  the  leaf. 

The  hairy  covering  of  the  Saxifrageae  and  Francoeae  does  not  show  the 
same  variety  as  that  of  the  woody  genera.  In  Saxifraga  simple  uniseriate 
hairs  are  common,  and  also  clothing  hairs  of  the  shaggy  type,  composed  of 
two  or  more  rows  of  cells,  and  often  reduced  to  a  breadth  of  one  cell  at 
the  apex.  Two  kinds  of  glandular  hairs  are  found  in  Saxifraga  :  (i)  glandular 
hairs  with  a  uniseriate,  short  (S.  geranioides)  or  long  (5.  tridacfyliUs)  stalk  and 
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multiceDuUr  head ;  and  (2)  glandular  shany  hairs  with  a  multiseriate  stalk 
and  multicellular  head.  According  to  Engler»  multic^ular  uniseriate  hairs 
are  characteristic  of  the  sections  f-VI  of  his  system  of  classification,  multi- 
cellular multiseriate  hairs  of  sections  Vll-Xlfl.  Engler  also  describes  the 
latter  type  in  the  genera  Astilbe,  Baykinia^  Heuckera^  PeUiphyUum^  TiareUa 
and  Tdmiea.  According  to  Thouvenin,  Francoa,  TetiUa  and  Vahlia  have 
glandular  hairs,  with  a  uniseriate  stalk  and  a  unicellular  glandular  head,  while 
glandular  shaggy  hairs,  like  those  of  Saxifraga^  have  been  observed  by  the 
author  in  speaes  of  AsHlbe^  Hoteia^  Mitella.  Tellima  and  TiareUa  ;  these  hairs 
are  rendered  remarkable  in  Tellima  grandif alia  by  the  cells  of  the  head  projecting 
as  papillae.  Finally,  according  to  Engler,  the  eenus  Bergia  is  chaxacterixed 
by  the  possession  of  multiceUular  glandular  peltate  hairs,  which  are  sessile 
within  small  depressions,  and  give  the  leaf  a  dotted  appearance  when  viewed 
with  a  lens. 

Oxalate  of  lime  is  excreted  in  the  form  of  clustered  crystals  or  is  absent. 
In  Saxiftaga  it  is  rare.  Apart  from  the  tannin-sacs  of  the  epidermis  already 
discussed,  secretory  elements  have  not  been  oteerved  in  the  leaf. 

The  structure  of  the  petiole  has  been  investigated  by  Petit  only  in  one 
sjDecies  of  Saxiftaga  and  one  of  Heuckera ; 
for    details    Petit  s  work  should   be   re- 
ferred to. 

3  A.  Structure  of  the  Axis.  The 
structure  of  the  axis  in  the  tribes  under 
consideration  will  only  be  quite  briefly 
treated,  as  we  are  dealing  with  herba- 
ceous plants  and  the  manifold  variations 
in  stem-structure,  as  exhibited  by  the 
differentiation  of  the  cortex,  the  structure 
of  the  endodermis,  the  occurrence  or  p.^  ^  smio.  thn»«h  •  chik-fUnd  o 
absence  of  a  sderenchymatous  sheath,  and  ^.  -^m-wi  {•tttr  TbcMmiii). 
the   structure  of    the   ring   of    vascular 

bundles,  cannot  be  taken  into  detailed  consideration  ;  regarding  these  points 
see  the  works  of  Thouvenin,  Leist  and  Seidel. 

As  regards  the  formation  of  cork,  it  may  be  pointed  out  that  it  usually 
arises  in  the  outermost  cell-layer  of  the  pencyde.  The  only  exceptions  are 
Saxiftaga  peliaia,  Torr.,  recently  erected  into  the  genus  PeUipkyllum  by 
Enfler,  in  which  the  subepidermal  cell-layer  becomes  the  phellogen,  and 
Vahlia^  in  which  the  epidermis  does  so. 

Certain  species  of  Saxiftaga,  namely  those  of  the  section  Emixo<mia\ 
and  those  named  in  the  foot-note*  belonging  to  two  other  sections,  as 
well  as  the  genus  Rodgersia  are  characterized  by  the  possession  of  meduUary 
vascular  bundles,  the  genus  Peliiphyllum  by  the  occurrence  of  medullary  and 
cortical  bundles  \ 

Lastly,  two  or  three  cases  of  the  occurrence  of  secretions  in  some  of  the  plants 
belonging  to  the  trib»  under  consideration  may  be  referred  to.  According  to 
Thouvenin,  an  intercellular  system,  filled  with  resinous  contents,  which  are 
soluble  in  alcohol,  is  found  in  the  cortex  of  Vahlia  capensis  and  Donaiia  magel- 
lanica.    Other  kinds  of  secretory  organs  are  found  in  Patnassia  palusttis. 


»  The  foUowiae  hive  been  mvcitigAted :  S.  Ain^^,  S.  aJHssima,  Kern.,  S.  Andrewsii,  Harv.. 
A.  (  0i2M0m,  .V.  frmtimta,  S,  //0stii,  S.  Ungulala^  S.  Ungt/f/ia  and  .9.  mutaim, 

*  Thc«  are  :  S  fitmyhamiea,  L.  (section  B9rafkiU  ;  S,  kirsuia,  L.»  J.  umhrota,  L..  S.  serrmia, 
Scembi  flection  /Ct^rtSfmiaS. 

•  Schwcndener't  lUteiiienU  (Mech.  Prinnp.,  1874,  p.  143'  ai  to  the  occunence  of  cortical  vasmlar 
bundles  in  Ssxt/hi^  iiguhim  have  been  coofinDed  neither  in  .S'.  HjpUmta,  Walt  nor  io  5.  iiptlmia, 
Mnrr.  (•X  9Tmimt9t^^  L.  £.). 
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namely  secretory  cells  with  wide  lumina,  in  the  pith,  in  the  tissue  of  the  zjiem, 
and  in  the  pericyde  of  the  rhizome. 

B.    Philadelpheae,  Hydrangeae,  Escallonieae.  Cunonieae 

AND  RiBESIEAE. 

2  B.  Structure  op  the  Leap  ^  In  almost  all  the  species  the  leaves 
have  bifacial  structore ;  according  to  HoUe»  leaves  of  approximately  centric 
structure  occur  in  Bauera  only.  The  palisade-tissue  frequently  consists  of 
one  laver»  but  occasionaUy  of  more.  The  genera  DeuUia^  Abropkyllmm  and 
Ar^ophyUum^  as  well  as  most  species  of  PhiladdphuSf  for  exannile»  are  chaiac- 
tenzed  by  a  one-layered  palisade-tissue  (HoUe).  Spicular  cells  in  the  meso- 
phyU  ('  faisceaux  de  ceUules  sd^reuses  au  miUeu  du  parenchjrme  licimeaz ') 
are  only  known  in  Pancheria  VieUlardi  (Thouvenin). 

The  epidermal  cells  of  the  leaf  have  straight  or  undulated  lateral  walls. 


Fia  67.     VmAtim  atptnsU.    A,  TnuMverie  wctioa  thnMifh  the  conical  till  of  tte  asiiu     i^ 
MCtioQ  tbroQgh  the  aaine.^ After  TlKMveoio. 

A  special  marking  of  the  cuticle  has  not  been  observed ;  distinct  formation  of 
papillae  has  not  been  met  with.  The  epidermal  cells  are  usuallv  low  in  a  trans- 
verse section  of  the  leaf ;  they  are  elongated  like  a  palisade,  espedaUy  in 
Codia  mofUana^  Forst.,  in  less  d^ree  in  Abrophyllum  amans^  Hook.  f.  and 
Weinmannia  trichosperma,  Cav.  Tlie  development  of  a  1-3-layered  hypoderm 
on  the  upper  side  of  the  leaf  is  a  very  widespread  phenomenon.  Holle  describes 
it  in  Hydrangea  inUgcrrima^  Engl.,  H.  peruviana^  Moric. ;  PiUosU^ia  vibur* 
noides.  Hook.  f.  et  Th. ;  Broussaisia  pMucida,  Gaud. ;  EscaUon$a  /hrida^ 
Poepp.  et  Endl.,  £.  liUoralis,  Phil.,  E,  Uucantha^  Remy,  £.  macrantha^  Hook. 
et  Ani.,  E,  rosea^  Phil. ;   Polyosma  inUgrifolia^  Bl.  (locally),  P.  strrulaia^  Bl. ; 


*  Most  importamt  litermture :  Holle  and  Thouvenin,  11.  cc  ;  the  researches  of  these  authors  extend 
to  the  following  genera,  which  are  enumerated  in  the  serial  order  of  Engler*s  system  of  elaasificatioo : 
tribe  Philadelpheae :  Carpentiria,  PkilduUIpkus,  Jamusia,  Fenditra,  Detttum^  lVkiffim\  tnbe 
Hjdrangeae:  Deinamiki^  Cordiamdra^  Platyeraier^  Hi^drangea  lincl.  C0midm\  Scitatfkn^mm, 
Pil€csitgia^  Diekroa,  Broussaisia ^  /)ecumaria;  tribe  Escallonieae :  Brtxia,  Romsua^  Amafinu, 
Ahnofkyllum,  IHa,  Qmrn/imia,  EuaUamia,  Forgtsia^  P^ycsma^  Arg^pkyUum^  Carfedami^  Pkfik- 
m^ma ;  tribe  Ribesieae :  BiAts ;  tribe  fkinereae :  Bamira ;  tribe  Cnnonieae :  Bilamgtrmt  CiidtknU^ 
Platylopkus^  Ciraiofetalum,  Amedopetalum,  Cuncnia,  IVanmannia,  Pamckm'm,  CalUimmm^  C$dia, 
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Carpod€ius  serraius^  Forst.  (locally) ;  Roussea  simMex^  Smith ;  Argapkyllum 
niHdum^  Fofst. ;  Plafylophus  irifoliatus^  Don ;  Codia  matUana^  rorst.  (re- 
sembling stone-cells) ;  Cunonia  capensis^  L. ;  Anadopeialum  biglanduhsum^ 
A.  Cunn. ;  Weinmannia  ausiralis,  Cunn.,  W.  Hildebrandtii^  Baill.,  W.  tricho- 
sperma^  Cav. ;  CaUicama  Siuixeri^  F.  v.  MiiU.  The  epidermis  is  divided  locally 
in  CarpetUeria  califwnica  (Thouvenin).  Epidermal  and  hypodermal  cells 
with  mucilaginous  inner  membrane  have  been  met  with  only  in  the  tribe 
Cunonieae,  where  they  have  been  found  in  all  the  genera  investigated. 

The  stomata  are  found  exclusively  on  the  lower  side  of  the  leaf.  In  the 
majority  of  the  genera  and  species  they  are  surrounded  by  a  considerable 
number  of  neighbouring  cells,  which,  at  any  rate  in  the  mature  leaf,  exhibit 
no  special  arrangement,  and  are  occasionally  distinguished  by  their  smaller 
siie  from  the  remaining  epidermal  cells.  Subsidiary  cells  parallel  to  the  pore 
have  been  met  with  onlv  in  Dichroa  febrifuga^  Lour.,  in  tne  genus  Quinitnia, 
and  in  certain  groups  of  very  closely  allied  species  of  the  genus  Hydrangea. 
The  guard-cells  usually  lie  in  the  plane  of  the  epidermis. 

According  to  Holle,  species  of  I  tea,  Roussea,  AbrophyUum,  Argopkyilum,  Quin- 
It  ma,  Cunonia,  Platylopkus  and  Ribes  are  characterized  by  the  poeMSsion  of  tiurly 
small  pairs  of  cuard-cells  of  nearly  circular  outline.  Bauera,  Beiangera  and  some 
species  of  EscaUonia  exhibit  ridffe-like  lumps  on  the  guard-cells,  appearing  like  small 
horns  in  a  transverse  section  of  the  leaf.  The  species  of  Brexia  are  characterized 
by  a  kind  of  double  front-cavity,  inasmuch  as  the  lower  portion  of  the  cavity  has 
an  elliptical  shape  when  seen  from  the  surface,  but  widens  out  above  to  such  an 
extent  that  it  attains  a  circular  outline  in  surface-view. 

In  the  tribes  which  we  are  considering,  the  vascular  bundles  of  the  smaller 
veins  are  either  vertically  transcurrent  or  embedded.  Occasionally  both 
structural  features  occur  within  the  same  genus,  e.  g.  in  CaUicoma  ;  for  details 
see  HoUe,  whose  statements,  however,  require  further  critical  examination. 

Oxalate  of  lime  is  excreted  in  very  various  forms,  namely  as  clustered 
crystals,  ordinary  solitary  crjrstals,  styloid-hke  crystals,  raphides,  small 
acicular  crystals,  and  crystal-sand.  The  following  statements  refer  to  the 
mode  of  excretion  in  the  different  tribes. 

Throughout  the  tribe  Hydrangeae  raphide-sacs  filled  with  mucilage  occur. 
In  the  leaf  they  mostly  he  in  the  middle  of  the  mesophyll  and  parallel  to  the  surface  of 
the  leaf,  more  rarely  in  the  palisade-tissue,  and  in  tnat  case  they  follow  the  direction 
of  the  palisade-celb ;  the  raphide-sacs  of  the  palisade- tissue  occasionally  (Decu- 
manm)  give  rise  to  transparent  dots.  In  the  axis  the  raphide-sacs  occur  in  the  pith, 
bast  and  primary  cortex.  In  the  cortex  of  Sckiiophragma  hydrangaides,  S.  et  Z.  and 
PiUosUgia  vibumaides.  Hook.  f.  et  Th.  in  addition  to  raphide-sacs  pecuUar  cr>'Stal- 
sacs  occur,  which  are  filled  with  small  acicular  crystals  and  mucilage  and  are  to  be 
regarded  as  a  modification  of  the  ordinary  raphide-sacs;  and  further,  in  the  axis  and 
leaf  of  Comidia  'styloid-Uke  and  clinorhombic '  crystals  are  found  (HoUe). — Accord- 
mg  to  HoUe  and  Thouvenin,  in  the  tribe  Philadelpheae,  the  two  closely  related  genera 
Phiimdeiphus  and  Carfenteria  alone  possess  clustered  crystals.— Among  the  Escal- 
lonieae,  according  to  HoUe,  AnopUtus,  I  tea,  EscaUonia,  Forgesia,  Poiyosmm,  Carpo^ 
detus  contain  clustered  crystals  in  the  leaf  and  axis,  while  Quintinia,  Brexia  and 
Roussea  have  ordinary  sohtary  crystals  also.  With  regard  to  EscaUonia,  however, 
it  may  be  added,  that  in  E.  Seuowiana,  DC.  and  £.  monievidensis,  DC.  styloids 
also  have  been  found  in  the  bast  (Mdller,  Solereder).  In  A rgopkyUum  oxalate  of  lime 
has  not  been  observed  ;  in  AbrophyUum  it  occurs  in  the  form  of  finely  granular 
crystal-sand  in  cells  of  the  cortex,  pith  and  spongy  parenchyma. — In  the  Cunonieae 
HoUe  states  that,  as  a  rule,  ordinary  sohtary  and  clustered  crystals  occur ;  in 
Bauera  we  find  sohtary  crystals  only,  m  the  species  of  Ribes  clustered  crystals  only, 
and  in  a  transverse  section  of  the  branch  they  are  arranged  in  concentric  rings  m 
the  bast,  in  the  same  way  as  in  the  bark  of  the  pomegranate. 

Amongst  internal  secretoiy  orf^uis  the  occurrence  of  mucilage-cells  in 
the  cortex  of  Writmanma  irichosperma^  Cav.  corresponds  to  the  mucilaginous 
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cells  already  described  in  the  epidermis  of  the  leaf.  Further,  in  Abi^pkyOmm 
omans^  Hook.  f.»  there  is  a  ring  of  latidferons  sacs  (HoQe)  in  the  pcricjfde. 
They  are  parenchymatous  cells»  which  are  elongated  in  the  verticml  diieraoiit 
and  are  arranged  in  rows ;  the  onlv  essential  distinction  from  the  smroimd- 
ing  cells  lies  in  their  whitish  and  friable  contents,  which  are  insohibfe  in 
alcohol,  and  soluble  in  chloroform.  Lastly,  narrow  intercellular  spaces,  re- 
sembling canals,  which  are  filled  with  resin,  and  exhibit  a  similar  mfEerentia- 
tion  to  those  of  Donatia  and  VMia  (see  p.  313),  have  been  met  with  by  Thou* 
venin  in  Roussta  simplex^  in  the  tissue  of  the  pith  and  primary  corteZv  and  in 
the  median  vein  of  the  leaf,  above  and  below  the  vascular  bundle^mtem. 
The  hairy  covering  consists  of  clothing  and  glandular  hairs.  The  sinqdest 


Pro.  68.    KSxmtktXnAtmitd[  PMmda^kuMBaimrdi,KJAn^    B,  Stellate  hair  frooitlM 
leaf  of  Dtmisim  pnUkrm^  Vidal.    C,  Stellate  hair  fron  the  appcr  aide  of  the 
D,  Stcflhflaad  of  BacUhmia  vUe^m.—h.-^,  Orijpaal,  o  after  thoa^ 


^^_rMaor«he 

leafof/SlMOMf /r«cACi,8hk  •!  Imc; 


type  of  the  former  is  represented  by  ordinary  unicellular  hairs  of  varied  kngtfa. 
In  the  Philadelpheae  (Fig.  68,  A )  and  Hydranseae  their  walk  are  very  fremiently 
provided  with  small  knobs,  and  are  always,  although  occasionaUy  onhr  snghtly, 
mcrusted  with  carbonate  of  Ume.  The  uniceUular  trichomes  of  the  (fnnonieae, 
Escallonieae  and  species  of  Rihts^  on  the  other  hand,  are  not  calcified.  By 
the  association  of  simple  unicellular  hairs,  tufted  hairs  arise,  which  occur  in 
Broussaisia^  CaUicoma^  Comidia  and  PiUosiegia^  and  only  possess  calcified 
walls  in  the  last  two  genera.  Unicellular  one-armed  hairs  have  been  met 
with  in  Abrophyllum^  two-armed  trichomes  in  Argophyllum^  Deinanih$  and, 
according  to  fengler,  in  Colmeiroa,  The  malpighian  hairs  of  Argapkyttum  and 
Deinanthe  have  a  multicellular  stalk ;  the  wall  of  the  latter  is  calcified 
only  in  Deinanthe.  Finally,  we  may  mention  the  unicellular  stdlate  hairs 
(Fig.  68,  B-C),  characteristic  of  the  genus  DeuUia;   they  have  pointed 
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arms^  all  spread  out  in  the  same  plane»  and  a  vemicose  surface ;  the  walls 
of  these  hairs  are  silidfied  (Mohl  and  Wicke)  and  also  calcified  ;  the  number 
of  the  arms  differs  in  the  individual  species. 

External  glands  have  only  been  observed  on  the  leaves  of  the  genera 
Abropkyllum^  Escallama^  Quiniinia  and  Ribes,  The  external  glands  of  Escal^ 
Ionia  (Fig.  68,  D\  which  also  occur  on  the  stem,  and  occasionally  ^ve 
rise  to  *  varnished'  leaves,  are  glandular  shaggy  hairs  with  a  multisenate 
stalk  of  variable  length,  and  a  spherical  or  peltate  head,  the  centre  of 
which  is  occupied  by  i^xiiametric  cells,  while  the  epidermal  cells  are  elongated 
Uke  a  palisade.  The  glands  on  the  leaf  and  stipules  of  Ribes  exhibit  a  similar 
structure.  In  Abropkyllum  the  leaf  bears  small  glandular  hairs,  with  a  sunk 
stalk  of  few  cells  and  a  unicellular  head ;  in  Quiniinia^  multicellular  peltate 
glands  occur  on  the  leaf.  External  glands  also  occur  on  the  stipules  of  Cunonia 
(Hanstein)  and  Ceraiopetalum  (Thouvenin)  in  the  form  of  glandular  shaggy 
hairs  similarly  constituted  to  those  of  EscaUonia. 

Occasionally  the  leaf-teeth  also  have  a  glandular  function,  e.  g.  in  species  of 
/?i6#s,  D$cummriat  DsuUia,  Philadslphus,  EscalUmia  and  Cunonia,  according  to 
Retnke.  With  regard  to  their  structure  the  glandular  apparatus  in  Cunonia  is 
formed  by  glandu&r  shagsy  hairs  with  a  palisade>like  epidermis,  and  in  EscaUonia 
by  the  tips  of  leaf-teeth  oiaving  an  analogous  structure ;  in  both  cases  the  gland 
exudes  a  resinous  excretion.  In  the  remaining  cases  the  termination  of  a  vascular 
bundle,  provided  with  an  epithema  containing  mucilage,  passes  into  the  leaf-tooth, 
and  the  epidermis  clothing  it  includes  one  or  few  water-pores. 

It  may  be  noted  here  that  cork-warts  have  been  observed  on  the  leaves 
of  Comidia  and  of  Rousssa  simpUx  ;  these  must  not  be  confounded  with  glands. 
The  spines  of  the  species  of  Ribes  are,  according  to  Delbrouck,  essentially  periblem- 
structures. 

With  regard  to  the  structure  of  the  petiole,  which  has  been  investigated 
by  Thouvenin  and  Petit,  it  is  sufficient  to  mention  that,  in  all  investi^ted 
Cunonieae,  Philadelpheae,  Ribesieae,  and  most  Escallonieae  (incl.  Brexieae), 
three  vascular  bundles  pass  into  the  petiole,  in  EscaUonia  and  PhyUonama 
ruscifolium  on  the  other  hand,  only  one  vascular  bundle ;  as  to  their  further 
course,  which  in  the  Cunonieae,  for  example,  is  constant  throughout,  see  the 
hterature  cited. 

3  B.  Structure  of  the  Axis.  Regarding  the  structure  of  the  wood,  the 
following  summary,  which  takes  account  of  HoUe's  statements,  may  be  given. 
The  medullary  rays  vary  in  breadth.  In  the  Philadelpheae,  Hydrangeae 
and  Escallonieae  they  are  i-3-seriate,  not  much  broader  in  the  Cunonieae, 
but  reaching  seven  cells  in  breadth  in  Ribes.  In  a  transverse  section  the 
vessels  are  usually  isolated,  and  never  have  very  wide  lumina  (maximum 
diameter --04  to  -06  mm.).  A  quadrangular  shape  in  transverse  section  is 
characteristic  of  the  lumen  of  the  vessels  in  the  Philadelpheae  and  Hydrangeae. 
The  perforations  of  the  vessels  are  either  exclusively  scalariform  or  both  sddari- 
form  and  simple  in  the  same  species.  The  number  of  bars  in  the  scalariform 
perforations  varies,  and  is  often  very  considerable  (see  HoUe  and  Solereder). 

HoUe  describes  exclusively  scalariform  perforations  in  Pkiladelphus,  Jmmusia, 
FendUra ;  DetnanShe,  PlatycraUf,  Hydrangea  (with  Comidia),  Sckitopkragma, 
PUeostegia,  Dtchroa,  Broussaisia,  Decumawia  ;  Roussea,  AbrophyUum,  I  tea,  Quiniinia, 
EscaUonta,  Polyostma,  Forgesia,  AgrophyUum  ;  Ribes ;  taidcluvia,  Ptaivlopkus, 
Anodopeiaium,  Cunonia,  Weinfuannia,  CaUicoma,  Codia  ; — simple  and  scalanfonn 
perforations  side  by  side  in  Bauera,  Belangeta,  Btexia,  Cardiandra,  Ceratopeiaium 
and  Whipplea  ;  in  these  genera  the  scalariform  perforations  usually  (except  in 
Bauera)  predominate. 

According  to  the  statements  in  my  '  Holzstruktur,'  the  wall  of  the  vessel 
where  it  is  in  contact  with  the  parenchyma  of  the  medullary  rays  either  bears 
bordered  pits  only  {Philaddphus,  lUa^  EscaUonia^  Ribes)  or  laige  sim|de  pits 
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as  weU  (Cunonia,  CaUicoma^).  The  wood-parenchyma  is  not  abundantly 
developed  ;  chambered  parenchyma,  containing  crystals,  occors  for  example 
in  Cunonia  capensis,  L.  and  CaUicoma  SttUxeri^F.  v.  MOll.  According  to  my 
observations,  the  wood-prosenchyma,  which  mostly  has  thick  walls,  either 
bears  bordered  pits  exclusively  {Philadelphus^  Cunonia^  CaUicoma,  Escallamu 
and  Itea),  or  bordered  and  simple  pits  {Deutxia,  Ribes),  or  simple  jpits  only 
(Hydrangea),  The  wall  of  the  prosenchsrma  with  bordered  pits  in  Phuaidfkta 
caronarius,  L.,  is  provided  with  a  spiral  band  ;  the  lumen  of  the  simple-pitted 
wood-fibres  in  DetUxia  and  Ribes  is  septate. 

HoUe's  statements  regarding  the  pitting  of  the  wood-protenchyma  may  be 
quoted  as  follows,  but  they  need  further  critical  examination.  According  to  noDe 
tne  following  genera  have  wood-prosenchyma  with  bordered  pits :  Jamnim,  Pkila* 
deiphus,  Whipplta  ;  Deinanths,  Broussaisia  ;  Bnxia^  Rausua^  AnopifwuM,  i4ftr»> 
phyllum,  iUa^  QuinHnia,  Escallonia,  Forgesia^  Polyosma^  Artophylium,  Catrpoiatm : 
Caldcluvia,    Plafyiophus,    Ceraiopstalum,    Anodopetalum^    Cunonia^    WHn 


Pancheria,  Callicoma  ;  — the  following  have  prosenchyma  with  simple  pits  :  Cm- 
diandra.  Hydrangea,  PlafycraUr^  LHchroa,  Bauera,  Befangera ; — while  the  foUowiof 
have  prosenchyma  with  simple  and  bordered  pits :  DeuUia,  SckiMopkragmOt  PUoth 
sUgia,  Decumaria  and  Ribes. 

The  pith  has  been  Uttle  investigated.  According  to  Mentovich,  it  b 
heterogeneous  in  DeuUia  and  Hydrangea,  In  Deuizia  the  central  part  of 
the  pith  subsequently  coUapses,  and  the  stem  consequently  becomes  fistnlar. 

As  regards  the  structure  of  the  cortex,  the  cork  prindiMlly  requires  dis- 
cussion. According  to  the  concordant  statements  of  different  authors,  amongst 
whom  Holle  has  examined  the  most  abundant  material,  superficial  develop- 
ment of  cork,  originating  in  the  epidermis  or  in  the  subepidermal  ceU-layer, 
is  characteristic  of  the  JBauereae,  Cunonieae  and  Escallonieae  (exdustve  of 
EscaUonia) ;  while  internal  (pericychc)  origin  of  the  cork  is  characteristic  of 
the  Philadelpheae,  Hydrangeae,  Kibes  and  EscaUonia,  According  to  HoDe, 
the  superficially  formed  cork,  as  a  rule,  consists  of  plate-like  radially  com- 

Eressed  cells,  while  the  pericyclic  cork  is  composed  of  cells  which  have  le- 
Ltively  wide  lumina,  and  are  frequently  elongated  in  the  radial  direction. 
In  Philadelbhus^  Jamesia,  Anodopeialum  and  Whipflea  the  cork  exhibits 
a  remarkable  differentiation.  In  the  two  first-namea  genera,  rows  of  cork- 
cells,  which  are  elongated  in  the  radial  direction,  alternate  with  others,  which 
are  compressed  in  the  same  direction  ;  the  latter  are  sclerotic  in  PkUaidpkms, 
Anodopetalum  possesses  lameUated  cork  ('  LameUenkork ').  In  this  genus 
the  epidermis  and  the  subjacent  cell-layers  of  the  primary  cortex  suc- 
cessively give  rise  to  pheUogen,  from  without  inwards,  and  each  produces 
a  cork-lamella,  consisting  of  a  few  layers  of  cells.  Lastly,  some  of  the 
cork-cells  of  Whipplea  are  sclerosed  in  the  form  of  a  horse-shoe,  as  seoi  in 
a  transverse  section  of  the  branch ;  in  this  case  the  sclerosis  extends  to  the 
inner  tangential  wall  and  the  contiguous  radial  walls.  Phelloderm-formatioo 
occurs  ;  the  ring  of  stone-cells  situated  on  the  inner  side  of  the  cork-cambium 
in  Broussaisia^  Cornidia,  Decumaria,  Pileostegia  and  Schizophragma  is  without 
doubt  of  the  nature  of  a  phelloderm. 

The  outer  portion  of  the  primary  cortex  is  frequently  collenchymatous. 
Group  of  stone-cells  have  been  observed  in  the  pnmary  cortex  of  Roussea 
simwex,  Sm.,  slightly  thickened  sclerenchymatous  ceUs  in  that  of  QuinHnia 
Sieheri,  The  nature  of  the  pericycle  varies.  In  species  of  DeuUia,  PkUa- 
delphusy  Hydrangea  and  Ribes  no  sclerenchyma  is  pn-esent  in  the  pericyde ; 


'  HoUe  states  that  large  simple  pits  occor  on  these  parts  of  the  vessel-wall  ifl  some  cases,  Tts.  ia 
the  Cunonieae  and  in  Bromstdstm  ;  ne  describes  small  indistinctly  bordered  piu  in  the  Hydrangete, 
bat  ererywhere  else  distinct  bordered  pits. 
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in  Anopterus  and  lUa^  on  the  other  hand,  the  pericyde  contains  isolated  groups 
of  t>ast-fibres»  in  PhyUanama  a  ring  of  bast-fibres»  in  Polvosma  a  ring  of  stone- 
cells,  and  in  the  Cunonieae,  Quiniinia  and  Abrophylfum  a  composite  and 
continuous  sderenchyma-ring.  Secondary  hard  bast  is  not  conunonlv  de- 
veloped ;  it  has  been  observed  by  MdUer  and  Thouvenin  in  species  of  fVein- 
mannia^  Cunonia^  Geissais^  Pancheria  and  CaUicoma, 

C.    The  Anomalous  Genus  Cephalotus. 

The  genus  Cephalotus^  which  is  appended  to  the  Saxifragaceae  as  a  '  genus 
anomalum '  by  Bentham  and  Hooker,  is  characteriied  by  the  weU-known 
ascidiform  leaves.  The  following  points,  quoted  chiefly  from  Goebel,  may  be 
mentioned  respecting  their  structure. 

The  epidermis  on  the  outer  side  of  the  lid  of  the  pitcher  consists  of  flat 
cells  with  undulated  lateral  walls.  Amongst  the  epidermal  cells  dei»essed 
glands  occur,  the  structure  of  which  recalls  that  of  the  glands  of  Sarracenia. 
Thus,  in  surface-view,  they  exhibit  two  inner  triangular  cells,  toucUn^  one 
another  along  one  side,  and  these  are  surrounded  by  four  other  synmietncally 
arranged  cells ;  two  further  cells  adjoin  these  six  cells  internally.  The  lower 
side  of  the  Ud  is  differentiated  as  a  slippery  sur- 
face, and  so  are  the  folds  of  the  coUar. 

Three  regions  may  be  distinguished  on  the 
inner  surface  of  the  pitcher.  The  portion  lying 
below  the  collar  contains  numerous  glands  (Fig.  60), 
which  scarcely  project  above  the  surface  of  tne 
wall  of  the  pitcher,  and  are  deUmited  towards  the 
surrounding  tissue  by  a  suberized  membrane. 
The  glands  of  this  zone  are  roughly  flask-shaped, 
and  consist  of  a  large  ventral  part,  formecl  by 
irregularly  polygonal  cells,  and  of  a  fairly  broad  f,o  69.  Giwidoro^*.iw»#- 

neck-portion,  composed  of  a  layer  of  palisade-like     After  Coebri. 
cells,  elongated  at  right  angles  to  the  surface  of  the 

f)itcher.  On  the  two  lateral,  brifhtly-coloured  projections,  which  penetrate 
ike  cushions  into  the  interior  of  the  pitcher,  specially  large  glands  are  found, 
as  well  as  numerous  water-pores,  which,  according  to  Goebel,  are  peculiar,  in- 
asmuch as  the  subjacent  parenchyma-cell,  which  is  rich  in  contents,  protrudes 
through  the  widely  open  pore.  The  lowest  portion  of  the  inner  wall  of  the 
pitcher  consists  of  epidermal  cells  with  undulated  boundaries,  and  without 
glands. 

1  jtentore  :  Cbaloo.  Ti{:et  litni.  dicofylM.,  M^.  i*',  1867,  pp.  39  aod  46  ec  ira.,  M^m.  ii,  1868. 
pii.  45-8  And  pi.  v.—lUniktein,  Harz-  u.  Schleimabft.,  Bot.  Zeit.  186H,  pp.704  And  724  et  9tq.  and 
Tab  11.— Esitlrr,  Epid.  .SchUuchi..  Bot  Ze'U.  1871,  p.  886  and  Tab.  xi— Engler,  Mooogr.  d.  Gatt. 
.Ssjt/ragm,  RmUo,  1873.— Delbrouck.  rflanioifUcb.,  in  Hanttein,  Hot.  Abb.,  Hd.ii,  1875.— MoUcr. 
lloUaoat.,  Denkachr.  Wiener  Akad.  1876,  pp.  67,  90  and  103,  alto  363,  386  and  399. — Reinke, 
.Sckrettoosoiv.,  in  Pringtbetm  Jabrb.,  Bd.  x,  1876,  pp.  145-9. — De  Bary,  Vergl.  AnaL,  1877. — 
Arrtchuo^,  BladcU  anat.,  Mtnoe»akr.  Land  1878,  p.  71  et  mo. — Lioopoli,  Gli  stomi  e  le  glandolc 
ecc.  Atii  della  Keale  Acad,  delle  .Sc.  fis.  c  mat.  di  Napoli.  vol.  viii,  1879,  p.  23.— Uolkr,  Kincicn- 
anat ,  i^hj,  pp.  216-19  and  341-3. — Hokorn^,  Durcbt.  P.,  Flora  188s.  ]>.  380,  separate  copy, 
p.  34  —  Borodi.i,  Vercl.  Anat.  d.  Ckpys^s/Zentatm^HX.,  Arb.  St  Petertboi^.  naturf.  Getellicb..  M, 
iiv.  i^b3.  pp.  3>-a6,  KoMian;  abttr.  in  Bot.  Centralbl.  1884,  i,  p.  170— H.  ikbenck,  Centrifog. 
NVandvenlick.  an  PAanienb.  etc.,  IHm.,  lionn.  18H4,  pp.  1 1  and  35  ct  •eq.^^'bareyre  et  Heckel,  Org. 
anat.  de«ume«  du  CtphsUiut  (.,  Cooipt.  rend.,  t.  ci,  1885,  p.  6ji.— Mentovicb,  Mark,  Klauienburg. 
i8*«c.  Hongarian:  abttr.  in  Jutt  1885,  i,  p.  788.^Solereder,  Holotr..  1885,  pp.  lis.  ii3.~Tamba, 
Untcr^Bcb.  d.  lit.  von  Hydr%ngta  Tkunbtrgi^  Sieb.,  Arch.  d.  Pharm.  1885.- Zopf.  Gerbttoff-  n. 
Antbocyanbeh.  etc.,  Bibliothcoi  bot.,  Heft  3,  1886,  pp.  33,  33  and  TaU  3.— Cbriit,  Vergl.  Anat. 
d.  Laubtt.  d.  Caryopbyll.  n.  Sai.,  Diia.,  Marburg,  1887.— Maury,  Note  tor  Tate,  du  CiphmUim  f.. 
Ball.  Soc  bot.  de  France  1887,  pp.  464-74— Petit,  P^iole,  Mem.  Soc.  tc  phyt.  et  nat^  ter.  3, 
t.  m,  1887,  pp.  318-30  mad  pi.  ▼.— Donliot.  Periderme,  Jonm.  de  bot.  1888,  p.  158  and  Ann. 
•c  natp  a^.  7»  t.  a»  1889,  pp.  36»-4.— Tbovvenin,  Rech.  t.  la  ftmct.  det  Sas.,  Ann.  tc.  nat.  t^r.  7, 
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t.  xii»  1890,  pp.  1-174  and  aa  pl.—Volkcni,  Lack.  Bl.,  Ber.  dcntidi.  bot.  Gctdkch.  1890^ 
pp.  ia8,  ia9  and  Taf.  viii.—K.  Seidell  Beitr.  z.  Anmt.  d.Sftx.,  Dtst.»  Kiel,  i8oo»  51  pp.— LdH,  Bdtr. 
z.  vergl.  Anat.  d.  Sax.,  Bot.  Ccntralbl.  1890,  iii,  p.  100  et  leq.— Engkr,  in  Natfil.  Pfhrnigtifiim.,  iii. 
Tdl,  Abt.  a  a,  1890,  pp.  41,  4a,  and  95.— Goebel,  Pflanzenbiolog.  Schild.,  iL  Tdl,  Uef.  I,  1891, 
p.  113.— Macfarlane,  Min.  ttrnct.  of  hybrids,  Tnuuact.  R.  Soc.  Edinburgh  189a,  p.  919  et  wq. 
and  pL  ▼,  vi.— HoUe,  BeiU.  z.  Anat  d.  Sax.  etc.,  Bot.  Centralbl.  1893,  i,  n.  1-8, 56  mx— lUdkrlaae, 
Pitchered  plant t,  part  ii,  Annalt  of  bot,  toL  vii,  1893,  p.  444  and  pi.  xzL-^BMtiii,  Scroet.  of 
Heuchtra  americoMaj  Americ.  Joum.  of  Pbarm.  1894.V- Lazniewski,  Beitr.  z.  Holoe.  d.  AlpenH, 
Diss.,  Miinchen,  1890,  p.  18  et  seq.  (separate  copy  from  Flora  1896).— Diels,  Veg.-BioL  too  Nevsec- 
land,  in  Engler,  Bot.  Jahrb.,  Bd.  xxii,  1896,  p.  a55.^Grevilliiis,  in  Engler.  BoL  Jahrb.»  Bd.  xziii, 
1896,  p.  98.— [Rosenbeig,  Anatomisk.  l^ggn.  hos  Pamassia,  Bot  Motiser  1896,  pp.  293-7.}— 
Ktthla,  Pbelloderm,  Bot.  Centralbl.  1897,  iU,  p.  165. 

CRASSULACEAE. 

1.  Review  op  the  Anatomical  Features.  The  stomatal  apparatus 
is  characteristic  of  most  members  of  the  Order»  the  pair  of  guia^-ceUs 
being  surrounded  by  a  simple  or  multiple  girdle  of  three  subsidiary  cells.  In 
addition  to  the  air-pores  (stomata)»  water-pores  occur  in  many  cases.  A  hairy 
covering  is  rare,  but  curiously -shaped  bladders  iRochea)  and  glandular 
hairs  have  been  observed.  Oxalate  of  lime  is  excreted  in  the  form  of  ordinary 
solitary  crystals,  sphaerites  and  crystal-sand ;  the  latter  either  occupies  the 
lumen  (Cotyledon.  Sedum).  or  is  embedded  in  the  membrane  {Crassula.  Rockea. 
Sempervivum)  of  the  cell.  Tannin  is  frequently  present  in  the  Order,  and  is 
occasionally  stored  up  in  special  cells,  which  are  distinguished  either  by  their 
small  size  or  by  their  development  as  long  sacs ;  in  the  leaf  the  latter  are 
found,  especially  in  the  epidermis  or  in  the  subepidermal  layer  of  cells.  As 
regards  tne  structure  of  the  axis,  the  secondary  vessels,  which  are  always 
endosed  in  unlignified  tissue,  have  simple  perforations  and  simple-pitted  walls  ; 
the  wood-prosenchyma  bears  simple  pits.  The  appearance  of  tne  x^em  in 
transverse  section  varies,  inasmuch  as  the  thin-wallea  groups  of  tissue,  together 
with  the  secondary  vessels  and  the  wood-prosenchyma,  may  or  may  not  be 
present,  and  inasmuch  as  both  may  be  concerned  to  a  varying  extent  in  the 
formation  of  the  xylem.  Medullary  rays  are  rarely  developed.  Where  cork 
occurs,  its  formation  takes  place  in  a  superficial  layer  of  cells.  The  following 
features  also  require  special  mention  :  the  occurrence  of  corti(^  vascular 
bundles  in  species  of  Rochea.  Sedum  and  Sempervivum.  the  remarkable  stem- 
structure  of  Sedum  populifoUum.  Pall.,  and  the  anomalous  root-structure 
of  Sedum  maximum.  Sut. 

2.  Structure  of  the  Leaf.  The  leaf-structure  is,  as  a  rule,  centric  or 
intermediate  between  bifacial  and  centric  in  structure.  Typical  palisade-tissue 
is  only  rarelv  present. 

As  a  rule  the  stomata  occur  on  both  sides  of  the  leaf.  They  are  usuaUy 
surrounded  by  subsidiary  cells,  exhibiting  a  characteristic  arrangement  (Fig. 
70,  A).  For  the  stomata  arise  by  divisions,  resembling  those  of  an  apical 
ceU  ;  by  successive  walls,  arranged  in  three  directions,  as  seen  in  surface- 
view,  the  initial  ceU  becomes  divided  into  a  girdle  of  subsidiary  cells  (mostly 
multiple)  which  encircles  the  mother-cell  of  the  guard-cells.  An  excep- 
tion is  afforded  by  Tillaea  muscosa.  in  which  the  pair  of  guard-cells  is  sur- 
rounded by  3-^  ordinary  epidermal  cells  (Benecke).  In  many  cases  (species 
of  BryophyUum.  Crassula.  Kalanchoe.  Rockea.  Sedum.  Umtilicus).  water-pores 
occur  in  addition  to  the  air-pores.  These  water-pores  give  rise  to  small  pits 
or  spots  on  the  leaf,  which  are  frequently  visible  even  with  the  naked  eye, 
and  were  first  pointed  out  by  Treviranus ;  they  were  subsequently  investinted 
in  detail  by  Magnus,  De  Bary,  Mori  and  Bme,  Pits  or  spots  of  this  kind, 
containing  water-pores,  are  either  to  be  found  distributed  over  both  surfaces 
of  the  leaf  (e.g.  in  Crassula  portulacea.  Lam.),  or  scattered  over  the  upper  side 
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only  (e.  g.  in  C.  cordata.  Ait.)*  or  merely  forming  a  row  immediately  within 
the  margin  of  the  leaf ;  in  the  latter  case  they  either  occur  on  both  surfaces  (e.  ^.  in 
r.  lacUa^  Ait.)  or  only  on  the  lower  surface  of  the  leaf  (e.  g.in  C.  lycotodiatdes^ 
Lam.).  The  epidermis  in  these  areas  usually  consists  of  small  cells  with  delicate 
walls,  amongst  which  stomata  with  short  pores  and  of  smaller  size  than  the 
air-stomata  of  the  same  leaf  are  situated,  mostly  several  in  each  area  (5  or  6, 
in  Crassuia  lacUa  as  many  as  25) ;  in  Crassula  perforata  and  Rochea  coccinea  the 
whole  pit  is  formed  by  a  single  water-pore,  which  is,  however,  of  large  size,  and 
somewhat  depressed.  Below  the  epidermis  of  these  small  pits  and  spots  the 
termination  of  a  vascular  bundle,  provided  with  a  small-celled  cpithema,is  found. 
In  the  Crassulaceae,  as  in  other  succulent  plants,  the  excretion  of  wax  on 
the  epidermis  is  not  an  uncommon  phenomenon.  Thus  the  leaves  of  Semper- 
vtvum  glaucum,  S.  Uctorum  and  5.  calcareum^  for  example,  have  a  distinct 
waxy  glaze,  which  is  uneven  (finely  vemicose)  in  the  first-named  species ;  in 
Cotyledon  orbiculata^  L.,  the  thin  waxy  glaze  of  the  leaves  is  provided  with 


ryg^-iyga^  yiwffwi,>,^—  I) 


Fig  ;<r>  a.  Tjrp^  ol  •Kama  ta  .SW«m  sfmrtrnm  •,  c.  BUddcr-like  epidermal  cdb  of  PacAem  /m/eaim,  fX" 
1  ranwrra^  •tcIkmi  thriMifli  thr  cpidrnni*  of  the  aatrriut  ponioo  d  tbc  le«f  of  Stmftrvivmm  tmiemrtmm^  jord— 
altrr  S(ra«li«rerr.  a.  c  altrr  ArpMrhour.  D  aftrr  Sulm»-LaaiUach. 


p.  I  raavrrrar  •rf-iioa  inr<*«pi  inr  cfHornnis  oi  lae  amrrKW  pornoa 
A  altrr  S(ra«li«rcrr.  a.  c  altrr  ArpMrhovf,  D  aftrr  Sulma-LaatiAch. 

numerous  upright  and  convergent  prolongations  in  the  form  of  small  rods, 
10 /i  in  heii;ht,  and  nearly  i  /a  m  thickness  (Dc  Bary). 

The  formation  of  hairs  is  not  common  in  the  Order.  In  the  first  place,  very 
^>eculiar  trichomes,  whicli  may  be  descril)ed  as  bladders,  have  been  ol»erved 
in  some  of  the  sjKTics  of  the  genas  Rochea^  e.g.  /?.  falcata  (Fig.  70,  B-C).  These 
bladder*;  arc  s|Hxial  epidermal  cells  with  thick  walls,  the  fairly  broad  base  of 
which  is  inserted  among  the  ordinary  cells  of  the  epidermis,  whilst  above  the 
level  of  the  latter  they  l>ecome  enlarged  to  such  an  extent  as  to  cover  up  the 
neighlmuring  epidermal  cells.  In  R.  falcata  they  are  distributed  over  the 
whole  surface  of  the  leaf ;  in  R.  coccinea  they  are  restricted  to  the  margin. 
Besides  these  bladders  external  glands  also  occur.  Wagner  mentions  capitate 
glandular  hairs  in  Cotyledon^  Aeonium  and  Eckeveria  ;  Mori  describes  snortly 
stalked,  capitate  glandular  hain»  composed  of  few  cells  on  the  axis  and  leaf  of 
Sempervivum  glutinosum^  where  they  secrete  a  considerable  amount  of  muci- 
lage, which  covers  these  orsans.  I  have  myself  occasionally  met  with  glandular 
hairs,  ha\-ing  an  elongated  biseriate  stalk  and  a  spherical  multicellular  head 
in  Sempervivum  Smithii^  Sims. 

According  to  Schdnlauid,  oxalate  of  lime  is  present  in  large  quantity. 
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and  is  excreted  in  the  form  of  solitary  crystals,  sj^iaehtes  and  crystal-sand. 
Cells  filled  with  crystal-sand  have  been  observed  by  me  in  the  pith  and  cortei 
of  CofyUdon  Uretifolia^  Thunb.,  and  Sedum  spurium^  Bieb.»  and  by  De  Bary 
in  Sedum  Urnatum,  Crystal-sand,  moreover,  also  occois  as  a  deposit  in  the 
ceU-membrane  (Fig.  70,  D).  Thus,  according  to  Solms-Laubach,  smaU  crystals 
of  oxalate  of  Ume  (curiously  enough,  without  action  on  polarised  li^t)  are 
found  in  the  cellulose-layer  of  the  outer  wall  of  the  epiderinal  cells  in  the  leaf 
of  Sempervivum  calcareum,  Jord. ;  further,  according  to  my  own  observation. 
small  crystals  also  occur  in  the  thin  or  somewhat  coUenchymatous  membranes 
of  the  cells  of  the  pith  and  primary  cortex  in  Rochea  coccinea^  DC.,  and  in  the 
membranes  of  the  cells  of  the  primary  cortex  in  Crassula  scabra^  L. 

The  Crassulaceae  are  also  rich  in  tannin.  In  the  leaf,  according  to  Wacner, 
it  occurs  especially  in  the  veins,  where  it  is  found  in  the  parench3rma  of  the 
bundles  and  in  the  sheath  of  the  latter,  but  it  is  also  present  in  the  mesophjdl. 
Generally  the  tannin-cells  are  not  essentiaUy  distinguished  from  the  cells  sor- 
rounding  them.  The  reverse  is  more  rarely  the  case ;  the  tannin-containing 
cells  are  then  either  smaller  than  the  others,  or  they  are  differentiated  as  sacs 
of  more  or  less  considerable  dimensions. 

The  former  is,  for  example,  the  case  in  the  epidermis  of^the  stem  of  Aeomtum 
giutinosum  and  Sedum  A  izoon^  in  the  middle  and  mner  zones  of  the  cortical  paren- 
chyma of  Aeonium  Saundersii,  in  the  subepidermal  tissue  of  the  leaf  of  Aeonium 
Saundersii  and  A.  giutinosum,  and  in  the  internal  leaf-tissue  of  Crassula  spaikuiatm 
and  Echeveria  coccmea.  Tannin-sacs,  on  the  other  hand,  have  been  observed  by 
Engler  in  the  epidermis  of  the  leaf  in  Sedum  spurium^  by  Wagner  in  the  epidennis 
or  subepidermal  layer  of  the  leaf  in  Aeonium  barbatum^  A,  CasUilo-Paivae^  Semper- 
vivum holochrysum,  5.  pulchellum,  Sedum  hybridum^  5.  purpureum  and  5.  Ewerstu 
by  Hohnel  in  the  subepidermal  cell-layer  of  the  leaf  in  Aecnium  decorum^  and  (ac- 
cording to  my  own  ooservation)  in  the  same  position  in  Sempervivum  Smiikti, 
Sims.,  and  lastly  by  Strasburger  in  the  pericycle  of  the  stem  of  Sed%tm  maxitmtm. 
The  brown-spotted  appearance  of  the  dried  leaves  of  Sempervivum  Smiikii^  for 
example,  is  due  to  these  tannin -sacs.  Occasionally  the  walls  of  the  tannin-sacs  are 
more  strongly  thickened  or  (e.  g.  in  Aeonium  barbatum  and  Sempervivum  puickeiimm) 
saberized. 

3.  Structure  of  the  Axis.  The  outer  cortex  is  usually  fleshy  and 
strongly  developed.  It  either  consists  of  succulent  parenchyma  only,  or  its 
outer  portion  also  contains  weakly  developed  coUenchyma.  In  Bryopkyllmm 
and  Sedum  the  cork  is  developed  in  the  epidermis  ;  in  other  cases,  according 
to  Schonland,  the  subepidermal  cell-layer  or  a  deeper  layer  of  the  primary 
cortex  becomes  the  phellogen. 

As  regards  the  fibro- vascular  system \  it  may  be  noted  that  hard  bast 
has  not  been  observed  in  any  member  of  the  Order,  and  that  the  phloem  b 
only  slightly  developed.  Sieve-tubes  are  present  it  is  true,  but,  as  is  generally 
the  case  in  succulent  plants,  they  have  narrow  lumina,  and  are  consequently 
not  easily  demonstrated.  With  respect  to  the  differentiation  of  the  xvlem, 
the  following  types  may  be  distinguished  in  those  species  with  a  well-developed 
axis.  In  a  first  series  of  species  the  xylem-ma<vs,  apart  from  the  primiary 
groups  of  vessels,  consists  of  a  closed  ring  of  wood,  situated  on  the  outer  side 
of  the  primary  vessels,  and  composed  of  proscnchyma  only  ;  it  contains  neither 
vessels  nor  medullary  rays.  This  is  the  case  in  Umbilicus  pendulinus  and 
Crassula  rubens,  according  to  Rdgnault ;  in  Sedum  acre,  5.  rupcslre  and  5. 
sUllaium,  according  to  Mori  ;  in  Sedum  spurium,  Bieb.,  accoroing  to  Koch 
and  my  own  investigations,  and  contrary  to  Mori's  statement ;  in  Sidmm 
alburn^  L.  and  5.  reflexum,  L..  according  to  Schonland  and  Koch.    The  second 

*  The  fibro-TMCuUr  lyftexn  it  ^ry  much  reduced  in  the  aquatic  type  TiUata  aqmaiiea,  L»  (fior 
which  tee  Caspar/,  loc.  cit.). 
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type  is  distinguished  from  the  first  by  the  fact  that  small  groups  of  vessels, 
accompanied  oy  elongated  and  unlignified  parenchyma,  appear  in  the  rins 
of  fibres.  To  this  type  belong,  according  to  De  Bary,  Sedum  maximum  and 
5.  lH}puiifolium,  as  well  as  Echeveria  pubescens^  and  according  to  SchOnland, 
Sedum  Aizoon^  L.,  S.  deltoideum.  Ten.,  Sempervivum  Hawortkiu  Hort.  Angl., 
Crassula  falcata^  Willd.  and  Bryophyllum.  If  we  now  imagine  the  groups 
composted  of  the  vessels  and  the  accompanying  unlignified  tissue  to  be  larger 
and  arranged  in  concentric  circles,  we  obtain  the  appearance  of  the  transverse 
section  of  Eckcoeria  sp.,  according  to  Schleiden,  of  Rockca  fakata^  Semper^ 
vivum  arboreum^  5.  Haworthii  and  5.  *  leucoblepharum^*  according  to  R^gnault, 
and  of  Cotyledon  Uretifolia^  Thunb.,  Crassula  scabra^  L.,  Kalanckoe  grandiflora^ 
Wall,  and  Rockea  coccinea^  DC.,  according  to  my  own  investigations.  A  slight 
furth(*r  modification  of  the  type  just  described  is  brought  about  when  the 
xylcm-mass  shows  an  alternation  of  continuous  bands  of  libriform  and  of 
vovsels,  as  in  Sedum  aliissimum  and  S.  dasyt>hyUum  according  to  Mori.  The 
stom-structurc  of  Crassula  poriulacea  and  of  Sedum  oxypetalum  must  be  con- 
sidered as  representing  a  special  type.  In  these  plants  the  chief  mass  of  the 
xylem,  according  to  Rcgnault,  consists  of  unlignified  tissue,  in  which  vessels  are 
distributed  in  an  irregular  manner;  wood-fibres  are  absent.  In  these  species 
also  primary  medullary  rays  occur,  and  separate  the  vascular  bundles  from  one 
another. 

At  this  point  the  ir... nesting  and  complicated  structure,  found  in  the  older 
stems  of  Sedum  populifolium  and  described  by  Koch  and  Strasburger,  may  be 
referred  to.  The  young  stem  of  this  species  (sec  above),  externally  to  the  pri- 
mary groups  of  vessels,  contains  a  ring  of  wood-fibres,  enclosing  isolated  vessels 
only.  Subscciuently  the  cambium  produces,  in  the  first  place,  a  ring  of  thin-walled 
tissue  with  groups  of  vessels,  which  lie  on  the  same  radii  as  the  primary  vessels ;  but 
this  is  followed  oy  a  second  nng  of  fibres,  which  only  differs  from  the  first  in  having 
more  numerous  f:rou|)s  of  vessels  embedded  in  thin-walled  tissue,  and  so  on.  The 
nng  of  thin -walled  tissue,  which  succeeds  the  first  ring  of  fibres,  soon  becomes  filled 
with  contents,  and  assumes  the  appearance  of  a  pith  ;  its  innermost  layer  of  cells 
devcUi]>s  into  a  cork -cambium,  and  the  cork -tissue  derived  from  the  latter  shuts  off 
all  tlie  tissue  lyinf;  internally  to  it  (pith,  primary  groups  of  vessels  and  the  first  ring 
of  fibres)  from  the  outer  woody  tissue.  The  phenomena  described  arc  repeated.  In 
each  penrw]  of  vegetation  a  new  ring  of  wood  is  developed,  and  begins  with  a  zone 
of  thin-walled  tissue  ;  and  similarly  in  the  innermost  cell-layer  of  these  zones  suc- 
cessive layers  of  cork  are  formed. 

The  pro^ienchyma  which  (xrcurs  in  the  wood  of  the  Crassulaceae  has 
lumina  of  varied  width,  and  is  characterized  by  simple  pits.  The  vessels  of 
the  secondary  wood  always  InMr  simple  pits  or  reticulate  thickening,  never 
N)rdered  f)its  ;    their  perforations  are  simple. 

It  remains  to  mention  that  concentric  vascular  bundles  with  central 
xylrm  have  l>een  ol)sen'ed  in  the  cortex  of  some  species;  e.g.  by  Comu  in 
certain  si>ecies  of  Sembervivum^  belonging  to  the  section  Aeonium  (S.  cana- 
ryn^e,  S.  ciliatum^  S.  gieanUum^*  5.  urbicum)^  and  in  '  Greenovia  ierrae/  by 
S(  honland  in  Sedum  Rhoaiola^  DC.,  and  by  Mori  in  Rockea  coccinea^  R.  falcata, 
and  R,  perfoUata.  They  are  occasionally  developed  in  large  numbers  (up  to  100). 

NoTF. — .Anomalous  root-struotore  has  been  demonstrated  in  the  mature  napi- 
form  roots  of  Sedum  maximum,  Sut.  and  its  allies.  It  occurs  only  in  the  midak* 
(not  in  the  upper  and  lower)  portion  of  the  roots.  In  transverse  section  this  region 
shown  a  circle  of  concentric  vascular  bundles  with  central  wood.  Originally  the 
fibro-v.iscular  s>-8tem  of  the  roots  possesses  normal  structure,  as  Koch  was  the  first 
to  show.  SulMequently,  however,  the  ring  of  cambium  breaks  up  into  a  number  of 
sef Pirate  arcs,  which  extend  round  portions  of  the  original  xylem  and  enclose  them 
in  an  annular  manner. 

Liter aiarc :  Trrvinuiw,  Phji.  d.  G«w.,  Bd.  ii,  Abt.  a,  Bona,  1838,  p.  f .— Broopikrt,  Stract. 
at^r.  do  SijcHi^rim  iUgmmt,  Arcb.  Mw.  d*hiit.  int.,  L  i,  1839,  p.  437.— Schlcklcn,  to  WicgBami 
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Archiv,  Bd.  iii,  1839,  p.  224  aad  AnnaU  of  nat  hiit,  toI.  it,  p.  34i.^R^[iiaiilt.  Anat  de  <|Bdqaet 
tiget  det  Crdospenn^,  Ann.  ic  nat,  1^.  4,  t.  sir,  i860,  pp.  87-95  and  pL  4.— [Caqicry,  Bmi^mrit 
aquatica^  Schrift.  phjrsik.  okooom.  GcseUsch.  Kooigiberg,  Bd.  i,  i86o.]--Stxashii»cr,  Spttltaffa^ 
in  Pringsbeim  Jahrb.,  Bd.  ▼,  1866-7,  P*  3^3  ^^  T*^  xndz  and  zL — ^EngleryJEpideniioidale  Snlaacki., 
Bot  Zeit.  1871,  p.  886.— Magnu,  Bot  Zeit  1871,  p.  470  et  aeq.— Solma-Laabiidi,  Eia.  pL 
Vorkomoin.  oxals.  Kalkes  etc.,  Bot.  Zeit  1871,  pp.  509  aiid  543  et  seq.— L.  Koch,  Eatwfeid.  d. 
Crass.,  Verb,  natnrbist.med.  Vdt.  za  Hddelbog,  6d.  L  1876,  4.  Heft— Berge,  Entwid  ~ 
▼on  Bryopkfllum  calycinum,  i.  Teil,  Diss.,  Ziiricb,  1876,  6a  pp.  and  Beitr.  c  £otw.< 
Ztiricb,  1877,  in  pp.  and  8  Tab.— De  Bary,  Vergl.  Anift.,  1877.— Axeschong,  Bladets 
Minnesskr.,  Land,  1878,  p.  1  a  i  ct  seq.  and  Tab.  viiL— [L.  Koch,  Unteis.  iiber  d.  EntwickL  dcr  i 
Heidelberg,  1879,  with  16  Tab.]— Cornn,  Valenr  des  caract  anat.  ao  point  de  Tue  de  U  dui 
des  esp^ces  de  U  £un.  des  Crass.,  Boll.  Soc  bot  de  France  1879,  pp.  146-8,  and  Type  noavcui  del 
tiges  anomales,  Compt.  rend.  1879,  3  pp. — Mori,  Stmtt  tstolog.  delle  Crass.,  Nnov.  Giom.  bot 
Ital.,  Tol.  zi,  1879,  pp.  161-87  and  Tav.  v-vii. — Olivier,  Form,  dans  U  radne  des  Crass.,  Boll.  Soc 
bot  de  France  1880,  pp.  153-6.— Hohnel,  Sekretionsorg.,  Sitx.-Ber.  Wien^  Akad.,  Bd.  Izxziv, 
Abt  I,  1881,  pp.  593-3.— Bokomy,  Flora  i88a,  p.  411  and  separate  copy,  p.  45.— Sokreder. 
Holastr.,  1885,  pp.  1 13  to  1 1 5.— Donliot,  Struct,  des  Crass.,  Boll.  Soc  bot  de  Franoe  1886,  pp.  199- 
305.— Kemer,  PfUnzenleben  i,  1887,  p.  a99  figure.— Wagner, Gerbstoffbei  den  Crass., Disa.,G<>aiBgCB, 
1887, 44  pp.— Kohl,  Kalksalze  etc,  1889,  p.  77.— Schonland,  in  NatSrl.  Pflanzenfam.,iiL  Tetl,Abt  aa, 
1 890,  pp.  34,  35. — Strasburger,  Ban-  a.  Verricht.,  1 891,  pp.  3aa-6. — Beoecke,  Nebenz.  d.  Spahnfti., 
Bot  Zeit  1893,  p.  537.-].  Ho6nann,  Vergl  Anat.  d.  Arten  d.  Gatt.  Siti^ervhmm^  Oeslcrr. 
bot  Zeitschr.  1896,  pp.  305-14.— Wanning,  Halofyt  Stnd.,  K.  Danske  Vid.  Sdak.  Skr.  1897, 
p.  ao5. 

DROSERACEAE. 

The  anatomy  of  this  Order,  which  consists  of  the  genera  Drostra,  Droso- 
phyllum^  Aldrovanda,  Dionaea,  Roridula  and  Byblis^  and  is  extremely  interest- 
ing from  the  biological  point  of  view,  will  only  be  discussed  in  broad  outline. 
Omy  the  first  four  of  the  above  genera  have  been  investigated  in  detail. 

Glands  of  a  certain  characteristic  structure  (Fig.  71)  are  peculiar  to  aD 
the  members  of  the  Order.  They  consist  of  a  stalk  of  varied  length  and  varied 
structure,  and  of  a  glandular  head,  which  is  composed  of  two  layers  of  elandular 
cells  and,  beneath  the  latter,  of  a  layer  of  suberized  cells,  called  the  middle  layer ; 
it  is  impossible  to  enter  into  details  here  regarding  the  physiology  of  the  muci- 
laginous product  of  secretion. 

The  glandular  tentacles  occurring;  in  the  genera  Drosera^  Drosopkyilum^ 
Roridula  and  Byhlis  may  be  described  as  the  most  highly  developed  form  of 
the  glands  in  question  ;  they  have  been  more  thoroughly  investigated  in  the 
first  two  genera.  The  tentacles  of  Drosera  (Fig.  71,  E),  which  are  situated 
on  the  surface  of  the  leaf,  consist  of  a  multiseriatc  stalk,  traversed  by  a 
strand  of  tracheides,  and  enlarged  at  the  apex  into  an  elhpsoidal  glandular 
head.  The  innermost  portion  of  the  latter  contains  a  strongly  developed 
group  of  tracheides,  which  represents  the  termination  of  the  strand  of  tracheides 
found  in  the  stalk.  This  group  of  tracheides  is  adjoined  by  a  bell-shaped 
simple  layer  (middle  layer)  of  suberized  and  mostly  elongated  cells,  which 
is  directly  sujxjrposed  upon  the  eroup  of  tracheides  both  above  and  at  the 
sides,  whilst  the  margin  of  the  *  bcU  '  terminates  in  the  outer  surface  of  the 
epidermis.  Still  further  outwards  the  two  layers  of  glandular  cells  follow; 
they  have  delicate  walls,  and  arc  distinguished  in  the  fresh  condition  by  red 
contents.  The  marginal  tentacles  of  the  leaf  of  Drosera  are  only  a  modifica- 
tion of  those  just  described.  In  this  case  the  glandular  head  has  the  form  of 
a  spoon,  and  possesses  the  three  characteristic  cell-layers  of  the  gland  on  the 
concave  upper  side  only,  while  the  margin  and  the  lower  side  consist  of  but 
one  layer  of  cells  ;  there  is  a  group  of  tracheides  IxjIow  the  three  cell-layers 
of  the  upper  side.  The  glandular  tentacles  of  Drosophyllum  lusUanicum 
(Fig.  71,  i4),  which  are  mostly  situated  on  the  lower  side  of  the  leaf,  may 
be  easily  referred  to  the  same  type  as  the  glands  found  on  the  leaf-surface 
of  Drosera.  The  only  distinction  lies  in  the  fact  that  the  glandular  bead 
(ultimately  becoming   filled  with  red  contents,  and  forming   the  tennina- 
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tion  of  the  stalk  of  the  tentacle,  which  here  also  is  traversed  by  a  strand 
of  tracheides)  is  represented  by  a  disc,  slightly  convex  on  its  upper  side  ; 
with  this  feature  the  smaller  development  of  the  group  of  tracheides, 
situated  below  the  middle  laver,  is  connected.  A  transition  to  the  glands 
of  those  genera  (Dionaea^  Aldrovanda)^  which  do  not  possess  tentacles,  is 
afTordrd  by  the  sessile  glands  (Fig.  71,  B),  occurring  scattered  on  the 
up|H*r,  and  densely  crowded  on  the  lower  side  of  the  leaf  in  Drosophyllum 
lusitanicum.  Apart  from  the  at)sencc  of  a  stalk  and  of  red  contents,  they  have, 
on  the  whole,  the  same  structure  as  the  tentacular  glands  of  Drosophyllum ; 
the  head,  however,  has  a  more  flattened  discoid  shape,  and  only  a  small  group 
of  tracheides — in  connexion  with  a  branch  of  a  vascular  bundle  of  the  leaf — 
is  found  f)elow  the  middle  layer.     A  step  further  takes  us  to  the  glands  of  the 


Fig  ri.  a,  LnnenadiBAl  ^^H^inn  throvgh  m  eUiwIiUr  t«tK«clr  of  Drptcfkylimm  img^tmmiemmi  B.a  mmklu 
vpTiHjn  thrf««;h  a  «)Mjnly  «Ulkr<l  ftand  nf  />rMofkyUm9m.  c,  Loofitadtnal  wclion  thrt/«gli  tbr  riaadaiAr  diie  of 
iHjmstm  mmtctfmU\  l>.  «irfarr-«ir«  of  Uk  Minr  (Imnd.  B.  Lo^tadiaaJ  arctiofi  thro«fb  a  fUndaliu-  UMUmrVt 
frrim  ihr  opprr  •idr  ol  thr  kaf  of  firpmrm  r^tundifetU.  F.  Twi>«nnc4  hair  tA  AldrmmmdM  wsicmUm.  O,  Gift** 
fkUr  hail  of /V.i«#r«  ra/«ab/r/«i/f«.  N.  Fcmr.ra^nl  hair  of  ^iK/rvfj^iMtft.  J.  S<Hlate  hair  ol  iH^mmtm.  (M-niddlc 
Uv«Y.  /-^trarhrHlr*  >  A  <.  aitfT  f  hjcIh-I,  ii  and  J  afkr-r  Fraaaudt,  K  alter  De  Bary,  r  and  H  alter  Catpary,  O  after 
Ntiwbkr. 

prriu-.  iHotuica  (Fig.  71,  T-/)),  which  has  no  tentacles  ;  its  glands  arc  present 
only  on  the  up|ier  sidr  of  the  loaf,  and  in  strongly  growing  plants  are  filled 
with  a  N*autiful  puqile-red  fluid.  The  two-layered  glandular  disc  is  very 
MHiilar  to  that  of  the  short-stalki^l  glands  of  Drosophyllum  ;  the  cuticularixed 
nu(l<ll(*  layrf  consists  of  only  two  cells,  and  so  does  the  stalk,  which  is  situated 
in  the  sami*  plane  as  the  epidermal  ci-lls  of  the  leaf ;  tracheides  are  completely 
abM-nt  Itclow  the  middle  layer,  and  hence  there  is  no  connexion  with  the 
network  <if  veins  in  the  leaf.  In  surface-view  (Fig.  71,  D)  the  glandular 
disc  sho>*-s  three  circles  of  polygonal  cells  ;  the  innermost  circle  is,  as  a  rule, 
comj^o'ied  of  four  cells,  the  middle  one  of  eight,  the  outermost  of  sixteen.  It 
may  hf-re  1)0  noted  that  glands,  ha\ing  an  analogous  structure  to  those 
of  Dionaea,  but  sometimes  with  a  still  smaller  head,  and  a  correspondingly 
smaller  number  of  glandular  cells,  are  frequently  also  met  with  m  species 
whKh  possess  tentacles,  e.g.  in  Drosera  binaia^  Labill.  and  D.  sfmth^Mim^ 
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Labill.  The  glands  of  Aldrovanda^  which  are  situated  on  the  upper  side  o( 
the  middle,  thicker  part  of  the  lamina,  also  approximate  in  structure  to  those 
of  Dionaea.  Here  the  number  of  glandular  cells  in  both  layers  has  beoome 
smaller ;  in  surface- view  the  glandular  disc  appears  to  be  formed  by  two 
circles  of  four  and  of  eight  cells  respectively ;  in  this  case  likewise  trachcides 
are  not  present  below  the  gland. 

In  addition  to  the  glands  hitherto  mentioned,  which  in  part  belong  to 
the  category  of  emergences,  other  types  of  hair  occur  in  the  Order.  In  the  first 

!)lace,  hairs  with  quite  a  short  stalk  and  (owing  to  vertical  walk)  a  two-  or 
our-celled  head  (Fig.  71,  G)  are  found  in  Drosera.  In  Aldrcvania^  shortly 
stalked,  two-armed  and  four-armed  (mucilage-excreting)  hairs  (Fig.  71,  t 
and  H)  occur ;  the  former,  which  are  similar  to  malpighian  hairs,  but  have 
the  terminal  portion  (with  c^ual  arms)  consisting  of  two  cells,  not  one,  occur  00 
the  petiole,  on  the  lower  side  of  the  middle  thick  part  of  the  lamina,  on  the 
bristles  and  on  the  stem;  the  latter  have  four  unicellular  arms  arranged  in 
the  form  of  a  cross  (of  this  form  x ),  and  are  inserted  on  the  inner  side  of  the 
thinner  marginal  portion  of  the  leaf.  In  Dionaea  the  lower  side  of  the  lamina 
bears  almost  sessile  stellate  hairs  (Fig.  71,  /),  with  four  to  nine,  often  eij^t 
ray-cells  spread  out  in  one  plane.  Other  forms  are  (i)  the  simple  hairs, 
which  occur  on  the  infolded  leaf-margin  of  Aldrovanda.  being  long  or  short 
protrusions  of  the  middle  part  of  the  outer  wall  of  the  marginal  cells,  and 
(2)  the  shaggy  hairs,  which  occur  in  Drosera,  and  occasionaUy  bear  the 
above  descnbed  capitate  hairs,  sometimes  even  terminating  in  a  similar 
capitate  hair. 

To  the  description  of  these  hairs  I  may  add  a  short  discussion  of  the 
marginal  bristles  of  the  leaf  in  Dionaea,  of  the  sensitive  bristles  in  Dionaea 
and  Aldrovanda,  and  of  the  large  bristles  at  the  base  of  the  leaves  in  Aldro- 
vanda,  which  last  may  or  may  not  be  regarded  as  pinnate  s^ments.  The 
marginal  bristles  of  Dionaea  are  emergences ;  they  are  coverea  on  aU  sides 
with  stomata  and  stellate  hairs,  and  are  traversed  internally  by  a  vascular 
bundle.  The  sensitive  bristles  of  Dionaea,  as  is  well  known,  usually  occur 
three  together  on  the  inner  side  of  each  of  the  two  halves  of  the  leaf ;  vas- 
cular bundles  do  not  pass  into  them ;  on  the  other  hand,  they  are  provided 
with  a  joint.    The  bristle-like  shaggy  hairs,  which  are  found  between  the 

S;]ands  on  the  inner  side  of  the  middle  part  of  the  leaf  of  Aldrovanda,  are  homo- 
ogoas  with  the  sensitive  bristles  of  Dionaea  ;  they  are  of  simpler  structure  (con- 
sisting of  tiers  of  two  cells  each),  but  are  likewise  provided  with  a  joint.  Lastly, 
the  bristles  (5-^  mm.  long)  at  the  base  of  the  leaf  of  Aldrovanda  consist  of 
numerous  rows  of  cells  ;  all  their  cells  contain  chlorophyll,  with  the  exception 
of  the  marginal  cells,  which  are  differentiated  like  teeth,  and  the  three  hairs  at 
the  end  of  the  bristle. 

With  regard  to  the  general  structure  of  the  leaf,  it  may  be  noted  that 
the  epidermis  as  a  rule  contains  chlorophyll,  that  the  mesophyll  shows  no 
differentiation  into  palisade  and  spongy  tissue,  and  that  the  stomata  have  no 
special  subsidiary  cells.  Oxalate  of  lime  is  present ;  detailed  statements  as 
to  the  form  in  which  it  occurs  are  wanting. 

The  following  statements  may  be  added  regarding  the  detailed  anatomical  features 
of  the  leaf  in  the  better-investigated  genera,  Drosera,  Drosopkyllum,  Aidrovanda  and 
Dionaea.  In  Drosera  rotundifolia  the  mesophyll.  according  to  Nitschke,  consists 
of  fairly  uniform  brick-like  parenchyma ;  the  epidermis  contains  chlorophyll ;  the 
stomata  occur  on  both  sides  of  the  leaf.  Drosophyllum  lusitanicum  Ukewise  bears 
stomata  on  both  sides  of  the  leaf  (Penzig).  In  Dionaea  muscipula  the  chlorophyU- 
b^iring  epidermis  is  composed  of  quadrangular  cells,  which  are  elongated  in  the 
longitudinal  direction  of  the  leaf  on  the  whole  of  the  petiole  and  in  the  neiffhboar- 
hood  of  the  midrib  of  the  lamina,  whilst  in  the  remaining  part  of  the  leaf  they  are 
elongated  at  right  angles  to  this  direction  ;  the  ground-tissue  of  the  lamina  consists 
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of  elongated  cells,  which  lie  with  their  greater  axis  parallel  to  the  midrib  or  the 
lateral  veins ;  stomata  occur  only  on  the  lower  side  of  the  lamina,  but  on  both  sides 
of  the  petiole  (Fraustadt).  In  Aldravanda  (Casparv,  H.  Schenck),  which  represents 
Ati  aquatic  type,  stomata  are  wanting,  and  the  leaf  is  of  very  simple  structure.  A 
transverse  section  of  the  petiole  shows  polygonal,  5-6-angled  cavities,  below  the 
chlorophyll-bearing  epidermis ;  these  cavities  are  separated  from  one  another  by 
parenchymatous  lamellae*  which  are  one  cell  broad  and  3-^1  cells  deep  ;  the  centre 
of  the  petiole  contains  a  single  reduced  vascular  bundle,  and  the  latter  includes  1-3 
.'innularly  thickened  cells  at  the  base  only.  The  middle,  thicker  portion  of  the  lamina 
)X)ssesses  a  three-layered  mesophyll.  The  thin  marginal  portion  of  the  leaf  of 
Dionaea  has  ouite  a  peculiar  structure  ;  it  appears  to  consist  of  a  single  layer  of 
cells  with  sUgntly  undulated  lateral  walls,  between  which  smaller  cells  of  elliptical 
outhne  are  intercalated.  As  a  matter  of  fact,  however,  the  marginal  portion  must  be 
regarded  as  consisting  of  two  layers  of  cells.  Of  these  two  layers  of  cells  the  entire 
upper  surface  of  the  one  {A )  helps  to  form  the  upper  side  of  the  marginal  portion  of 
the  leaf,  whilst  the  entire  lower  surface  of  the  other  layer  {B)  contributes  to  the 
formation  of  the  lower  side  of  the  marginal  portion  ;  in  addition  to  this,  however^ 
the  cells  of  the  layer  A  take  part  in  the  formation  of  the  lower  side  of  the  marginal 
portion  of  the  leaf  by  means  of  several  papillose  prolongations  of  their  lower  cell- 
walls,  which  penetrate  between  the  ceUs  of  the  layer  B,  but  do  not  project  beyond 
the  level  of  the  latter  cells  ;  and  conversely  the  cells  of  the  layer  B  exhibit  similar 
papillose  prolongations,  which  take  part  in  the  formation  of  the  upper  side  of  the 
marginal  portion.  The  apparent  elliptical  cells,  previously  referrea  to,  thus  merely 
represent  the  papillose  projections  in  surf  ace- view. 

Little  is  known  regarding  the  stem-structure  of  the  Droseraceae. 
The  stems  of  the  submerged  plant,  Aldrovanda  vesiculosa,  have  a  very  simple 
structure ;  the  endodermis  is  wanting ;  the  fibro-vascular  system  consists 
of  a  ring  of  phloem,  and  a  little  wood-parenchyma,  the  latter  enclosing  an 
air-passage,  produced  by  the  resorption  of  an  axile  group  of  eight  or  nine 
tracheae*  with  annular  thickenings  (H.  Schenck).  In  the  scapes  of  the  Dro- 
seraceae  (Drosera,  DrosophyUum,  Byblis,  Roridula)  Oels  describ^  a  sclerenchy- 
matous  cylinder,  composed  of  cells  resembling  bast-fibres,  and  more  or  less 
directly  adjoining  the  ring  of  vascular  bundles.  These  bundles  occasionally 
represent  transitions  from  the  collateral  to  the  concentric  type  ^ith  central 
phloem.  The  structure  of  the  wood  in  the  woody  species  {Roridula  dentata^ 
L.  and  DtosophyUum  lusilanicum.  Link)  has  been  investigated  by  me.  In 
lx>th  genera  the  wood-prosenchyma  has  bordered  pits,  'uie  perforations  of 
the  vessels,  however,  differ  in  character  in  the  two  genera.  They  are  scalari- 
form  and  provided  with  many  bars  in  Roridula^  simple  and  circular  or  ellip- 
tical in  Drosophyllum.  In  a  transverse  section  of  the  stem,  Roridula  shows 
uni-  or  bi-seriatc  medullary  rays,  and  isolated  vessels  of  medium  diameter 
(up  to  06  mm.) ;  the  walls  of  the  vessel  are  spirally  thickened,  and  exhibit 
bordered  pitting  where  they  are  in  contact  with  the  parenchyma  of  the  medul- 
lary rays.  In  Drosophyllum  lusilanicum  I  have  observed  small  vascular 
bundles  in  the  cortex,  which  are  inversely  orientated  as  regards  xylem  and 
phloem.  Oels  describes  similar  cortical  bundles  as  occurring  in  the  scape 
of  Drosophyllum,  where  they  stand  in  direct  connexion  with  the  vascular 
bundles  of  the  glandular  organs  of  the  scape. 

With  regard  to  the  structure  of  the  root  according  to  Oels,  the  unlignified 
main  roots  of  many  species  of  Drosera  are  anomalous  in  structure,  in  so  far 
;ls  their  ground-tissue  contains  concentric  vascular  bundles  with  centrally 
placed  phloem  instead  of  the  normal  radially  differentiated  bundle-system;  these 
bundles  are  either  arranged  in  a  simple  or  multiple  ring  (D.  intermedia^  Hayne* 
and  /).  cuntifolia,  Thunb.),  or  irregularly  (D.  binata,  Labill.).  According  to 
()eLs,  the  strongly  developed  cortical  parenchyma  of  D.  macranlha,  Endl., 


'  Tr«c  ^vntlt  aie  waatiBg  ia   t/dreuutda  (Caipary). 
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and  D,  irinervia,  Spreng.,  is  composed  of  peculiar  spirally  thickened  cdb 
with  wide  lumina.  Lastly,  the  cortical  parenchyma  of  the  root  of  Drpm^ 
phyllum  lusitanicum  contains  inulin,  according  to  Penzig. 

Literature:  Cohn,  Aldrevanda  vesiculosa,  Flon  1850,  ip^.  ^73-^3  uid  TaU  viL-^CaipVT. 
Aldrcvanda  vesu,,  Bot  Zeit.  1859,  pp.  1 17,  125,  I33»  and  141  ct  leq.,  Tab.  ir,  ▼ ;  aeealao  Mooattbu. 
Berliner  Akad.  i86a,  p.  463  et  teq.— Nitschke^  Anat  d.  SonnenUabL,  Bot.  Zett  1861,  pp.  133. 
341  and  353  et  teq.— Martinet,  Org.  de  sicr6tioa,  Ann.  k.  nat.,  i^r.  5,  t.  ztv,  1871,  pw  148  and 
pi.  10. — Darwin,  Insectivorous  plams,  London,  1875.— Kaitz,  Anat  d.  EA.  der  Dwmmm  mmsdjf^  m 
Reichert  n.  Da  Bois-Keymond,  Archiv  f.  Anat.  etc.,  1876,  pp.  i-j8  and  Taf.  i,  iL— C.  de  Caadolk, 
Struct  ct  monv.  de  fenillet  dn  Dwnaea  m.,  Arch,  sc  phyi.  et  nat  de  Gen^,  Nobt.  P€r.,  t  h. 
1876,  pp.  400-31,  pi.  iv,  ▼.— Franstadt,  Anat.  d.  veg.  Org.  ▼.  DUntua  m.,  in  Cohn,  Beltr..  Bd.  ii, 
I.  Hen,  1876,  pp.  37-60  and  Tab.  i-iii— De  Barv.  VergL  Anat,  187^. — Pcncig,  Untenodi.  fibo 
Drosopkyllum  lust/,,  Diss.,  Breslan,  1877. — Oels,  Vergl.  Anat  d.  Dr.,  Di».,  Breslan,  1879,  34J|P'~ 
Solereder,  Holzstr.,  1885,  pp.  115,  116.— H.  Schenck,  VergL  Anat  d.  iubmersen  Gew./ttbliD* 
theca  hot.,  Heft  i,  1886,  pp.  17  and  37,  Tab.  iii  and  vi.— Goebd,  Biolog.  Schild.,  iL  Teil,  i.  UeU 
1891,  pp.  57'7a  and  Tab.  xxiii. — Dmde,  in  Natiirl.  Pflanxenlam.,  iii.  Teil,  Abt.  9,  1891,  np.  164, 
265.— MacfarUne,  Hist,  of  Dwnaia  «*.,  in  Contrib.  bot  Lab.  Univ.  of  PennsvlTania,  toL  C  1891, 
pp.  7-44  and  I  Tab.;  abstr.  in  Bot  CentralbL  1893,  ii,  p.  207  et  seq — Schilling,  Schlrtmbikt  d. 
waaserpfl..  Flora  1894,  pp.  319-34. — Dew^ne,  RedL  phTt.  et  anat  sor  le  Drosopkyllmm  L^  tarn. 
sc.  nat,  ser.  8,  t  i,  1895,  pp.  19-66.— [Meyer  and  Dew^ne,  Drud^Umm,  Bot.  CcotnlbL  1894, 
ir,  p.  31.] 

HAMAMELIDEAE. 

I.  Review  of  the  Anatomical  Features.  This  Order  is  well  charac- 
terized from  the  anatomical  point  of  view.  In  the  structure  of  the  axis  we 
have  the  foUowing  excellent  characters  :  the  narrow  medullary  rays  ;  the 
relatively  small  lumina  of  the  vessels,  which  are  mostly  polygonal  in  trans- 
verse section,  have  exclusively  scalariform  perforations  with  many  bars*  and 
bear  large  simple  pits,  where  they  are  in  contact  with  the  parenchyma  of  the 
medullary  ra}^ ;  the  wood-prosenchyma,  with  typical  bordered  pits  ;  the 
slight  development  of  wood-parenchyma  ;  the  composite  and  for  the  most  part 
completely  continuous  sclerenchymatous  ring  in  the  pericycle  ;  as  well  as  the 
superficial  development  of  cork.  The  leaves  are  bifacial  in  structure  in  aU 
the  members  of  the  Order,  and  have  stoma ta  on  the  lower  side  only,  the  stomata 
throughout  being  accompanied  by  two  or  more  subsidiary  cells,  which  are 
parallel  to  the  pore.  In  most  of  the  HamameHdoideae  *  the  hairy  covering 
consists  of  tufted  hairs  ;  unicellular  simple  hairs  occur  in  Liauidambar.  Glan- 
dular hairs  are  absent.  Oxalate  of  lime  is  excreted  in  the  form  of  rbom- 
bohedral  and  clustered  crystals.  The  Bucklandioideae  •  possess  clustered 
crystals  only,  the  Hamamelidoideae  solitary  crystals  only  in  the  ground- 
tissue  of  the  leaf ;  the  latter  occasionally  give  rise  to  transparent  dots.  The 
Altingieae  •  only  are  characterized  by  internal  secretory  elements ;  thus 
AUingia  and  Liquidambar  have  resin-canals,  at  the  periphery  of  the  pith  of 
the  branch,  which  can  be  traced  into  the  finest  veias  of  the  leaf,  and  are  also 
met  with  in  the  root,  where  they  apparently  occur  in  the  phloem.  Lastly. 
mention  may  be  made  of  special  anatomical  characters  belonging  to  certain 
genera  or  species,  viz.  :  hypoderm  in  the  leaf  (AUingia),  gclatinization  of  the 
epidermis  of  the  leaf  (Rhodoleia)^  and  spicular  cells  of  varied  nature  in  the 
mesophyU  (Distylium^  Sycopsis^  Dicoryphe,  Hamamelis,  Loropetalum^  EusUgma^ 
Rhodolcia,  Disanihus^  Buc/Uandia), 

'  The  abore-mentioned  groufis  (the  Hamamelidoideae,  &c)  refer  to  the  dastificatiCB  of  the 
Hamamelideae  by  Niedenzn  in  the  Natiirliche  Pflanzenfam. ;  Bentham  and  Hooker  do  not  divide 
the  Order  into  tribes.  The  Bncklandioideae  include  the  Bncklandicae  with  DisamiJkmf,  B 
and  RhodoUia,  and  the  Altingieae  with  Liquidambar  and  AUingia ;  the  whole  of  the 
genera  fonn  the  group,  Hamamelidoideae.  It  may  alio  be  mentioned  here  that  the  1 
genera,  Ostrtaria  and  ifyrciAamnus  are  diacnsied  separately  in  an  appendix  to  the  Order. 

■  Siee  preTions  note. 
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2.  Structure  of  the  Leaf.  The  following  account  is  based  on  the 
work  of  Keinsch  '  and  Thouvenin,  and  on  my  own  observations. 

Thr  epidermis  of  the  leaf  usually  consists  of  one  layer.  Hypodenn 
or(  urs  only  in  AUingia  exulsa^  Nor.  and  A,  ckinensis^  Oliv.,  below  the  epi- 
dermis on  the  upper  side  of  the  leaf.  Mucilaginous  epidermal  cells  have  been 
ol)st'rveci  in  RkodoUia  Chamfiioni,  Hook,  and  /?.  Teysmanni^  Miq.,  cork- 
w;irts  on  both  surfaces  of  the  leaf  in  AUingia  excelsa.  As  regards  other  features, 
the  various  s|)eci(*s  and  genera  differ  in  the  height  and  breadth  of  the  epidermal 
cells  in  tr.in.s verse  section,  in  the  lateral  margins  of  these  cells  as  seen  in 
"^urface-view,  in  the  thickening  of  the  walls  of  the  epidermal  cells,  and  in  the 
iiifferentiation  of  the  cuticle.  Fairly  high  epidermal  cells  occur  only  in  Buck- 
lanJid  poptilmra,  R.  Br.  The  lateral  margins  of  the  epidermal  cells  are  straight 
m  RkodoUia  and  Bucklandia  ;  elsewhere  they  are  usually  undulated.  The 
(juter  walls  of  the  lower  epidermal  cells  are  produced  as  papillae  in  RkodolHa 
Ckampioni.  Finally,  the  cuticle  is  very  strongly  developed  in  Coryhpsis^ 
Dicorypke,  Trickocladus^  Rkodolcia  and  Bucklandia  ;  it  is  mostly  finely  granu- 
lated ;  striation  of  the  cuticle  has  not  been  observed. 

The  stomata  are  found  exclusively  on  the  lower  side  of  the  leaf.  They 
lie  m  the  plane  of  the  surface  of  the  leaf ;  each  stoma  is  accompanied  on  both 
Nidr^  by  one  or  two  sul)sidiary  cells,  which  are  parallel  to  the  pore. 

The  mesophyll  is  always  bifacial  in  structure.  The  palisade- tissue  con- 
sists of  one  layer  (s|xxies  of  Parrotia^  Fotkcrgiila,  Corylopsis^  Hamamclis^ 
fM^antkus),  or  of  two  layers  (species  of  Distylium,  Sycopsis,  Trickocladus^ 
Loropi'Uilum,  Eusiigma^  Bucklandia,  AUingia,  Liquidambar),  or  of  several 
layerN  {RkodoUia).  The  s|x>ngy  tissue  usually  possesses  large  lacunae.  The 
occurrence  of  spicular  cells  in  the  mesophyll  is  very  common.  They  appear 
under  different  forms.  Branched  spicular  cells  of  short  gnarled  shape,  lying 
in  the  middle  of  the  mesophyll,  are  characteristic  of  the  very  closely  related 
genera  Bucklandia  and  RkodoUia.  A  second  form  of  spicular  cells  is  repre- 
s<nttd  by  columnar  cells  with  thick  walls,  and  occasionally  branched,  and 
mostly  elongated  in  the  same  direction  as  the  palisade- tissue,  one  end  being 
apphed  to  the  epidermis  in  the  form  of  a  foot  {Hamamclis  virginica,  L.  and 
Husttf^ma  ohlon^ifolia,  Gardn.  et  Champ.) ;  a  third  form  consists  of  scleren- 
chyma-fil»r«s,  which  run  irregularly  in  the  mesophyll,  and  either  have  very 
thick  walls  and  narrow  lumina  (uicorypkc  stipuiacca,  St.  Hil.)  or  relatively 
wide  lunima  {Ih^ivlium  indicum^  Benth.,  D.  racemosum,  Sieb.  et  Zucc,  Loro- 
pi'talitm  and  Sycopsis).  According  to  Niedenzu.  spicular  cells  also  occur 
**|>.inn^;ly  m  the  h-af  of  Ihaantkus. 

In  the  nia)ority  of  the  ^'enera  (Parrotia,  Fotkcrgilla,  Dislylium,  Sycopsis, 
Ctfrylopsts,  Dietary pkc,  Hamamclis.  Trickocladus,  Loropctalum  and  Eusiigma) 
the  vascular  bundles  of  the  veins  are  accompanied  by  strongly  developed 
hard  bast,  which  either  encloses  the  vascular  bundle-system  as  an  annular 
/••nr  {Uamamclis),  or  is  applied  to  the  phhxrm  in  the  form  of  an  arc.  In 
RhndoUta,  Bucklandia,  AUingia  and  Liquidambar  the  hard  bast  is  only  sUghtly 
<ieveloi)ed.  or  (Bucklandia)  is  absent.  In  the  larger  leaf-veins  of  AUingia 
and  Ltquidambar  (but  not  in  Hamamclis  ')  the  fibro- vascular  system  is  differen- 
tiated a^i  a  ring  of  wood  and  bast,  while  in  the  remaining  genera  it  only  forms 
an  arc.  Kings  of  wood  and  l>ast  (to  the  numl>er  of  five,  arranged  in  the  form 
of  a  horM-shoe),  according  to  Petit,  also  occur  in  the  uppermost  {)ortion  of  the 

^  Kcinuh't  inveftttf^atioftt  extend  to  the  genera  :  /'arra/ia,  foilurgiUa^  Sytcfsis^  CoryUpsit, 
lUi.^yfhf,  lUmamtHt,  Tri<ko€hius,  Ijorpftimlum,  Emtigm;  Rk^ifleU^  fimklmmdia,  Aitimiim  aad 
/  iifutaamhar. 

*  Acci>riling  to  my  own  invotigmtioo  of  H.  Jafmmm,  Sieb.  et  Zucc,  and  cootrmry  to  RdiMch*t 
itatemcDt  Ketoich  locorrectlj  describes  the  rings  of  wood  sad  bast,  which  enclose  a  pith,  as  cqb- 
ceotnc  Ifondles. 
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petiole  of  Liquidambar  orietUale,  while  a  transverse  section  of  the  petiole  near 
its  base  exhioits  only  one  ring  of  wood  and  bast»  and  at  the  haise  itself  three 
vascular  bundles. 

Oxalate  of  lime  is  excreted  in  the  form  of  ordinary  solitary  or  clustered 
crystals.  The  result  of  Reinsch's  investigations  are  very  noteworthy  in  thor 
systematic  bearing,  since  they  established  the  fact  that  only  clustered  ciyitals 
occur  in  the  mesophyll  of  those  HamameUdeae  with  two  or  more  ovules  in  eacb 
loculus  of  the  ovary,  i.e.  in  Rhodoleia^  Bucklandia^  Altingia  and  Liquidamlmr. 
while  exclusively  solitary  crystals  are  found  in  this  tissue  in  the  genera  with 
only  one  ovule  in  each  loculus  (the  remaining  genera,  see  p.  329,  note  i).  lo 
the  veins  a  form  of  crystal  occasionally  appears,  differing  from  that  found  id 
the  ground- tissue  of  the  leaf  ;  thus  in  Altingia  and  Liquidambar  small  crystals 
occur  along  the  vascular  bundles,  whilst  in  Hamamdis  and  Caryhpsis  there 
are  a  few  clustered  crystals  side  by  side  with  numerous  solitary  cr3rstals  in 
this  region.  The  clustered  crystals  of  the  mesophyll  are  mostly  large ;  in 
RkodoUia  and  Bucklandia  they  are  not  numerous.  The  solitary  crystals  of 
the  mesophyll  vary  in  size.  The  large  solitary  crystals,  which  together  with 
others  of  small  size  occupy  correspondingly  large  cells  of  the  palisade-tissue, 

?' ve  rise  to  numerous  distmct  transparent  dots  in  the  leaf  in  speaes  of  ParroHa, 
othergiUa,  Coryhpsis,  Trichocladus  and  Loropctalum. 

The  hairy  covering  is  composed  solely  of  clothing  hairs.  The  latter  are 
for  the  most  part  tufted  or  stellate  hairs  ;  e.g.  on  the  leaf  of  Parroiia^  Foiker- 
gitfa,  Trichocladus  and  Loropctalum,  according  to  Reinsch,  on  the  leaf  of 
Eustigtna  oblongifolium,  Gardn.  et  Champ.,  and  on  other  organs  in  Sycapsis 
Griffithiana,  OUv.  and  Distylium  racemosum,  Sieb.  et  Zucc,  according  to  my 
own  observations,  and  lastly,  in  Maingaya,  according  to  Oliver.  The  tufted 
or  stellate  hairs  consist  of  a  variable  number  of  ray-cells,  which  mostly  have 
thick  walls  and  narrow  lumina,  and  more  rarely  {Parrotia)  show  less  thickened 
walls  ;  they  are  either  sunk  in  groups  in  the  epidermis,  or  occasionally  are 
inserted  on  a  stalk.  The  ray-cells  are  either  free  nearly  to  the  base,  or  are 
fused  with  one  another  basally  for  some  distance,  the  latter  in  Trichoctadms 
eUipticus,  Eckl.  et  Zeyh.  and  Fotkergilla.  According  to  Thouvenin,  simple 
unicellular  trichomes  of  some  length,  and  with  pointed  ends,  occur  on  Oie  branch 
of  Liquidambar  styraciflua.  Uniseriate  trichomes  and  glandular  hairs,  on  the 
other  hand,  have  not  been  observed  in  any  member  of  the  Order.  The  glandular 
leaf-teeth  of  Liquidambar  styraciflua  contain  the  termination  of  a  vascular 
bundle,  as  well  as  numerous  cells  filled  with  tanniniferous  mucilage,  and  bear 
stoma ta  on  their  upper  surface  (Reinke). 

3.  Structure  of  the  Axis  '.  In  most  members  of  the  Order  the  forma- 
tion of  cork  takes  place  early ;  in  Bucklandia  and  Rhodoleia  alone  the  cork 
does  not  arise  until  a  late  stage.  In  the  cases  investigated  by  Reinsch  (species 
of  Hamamelis,  Trichocladus  and  Liquidambar)  and  by  me  (species  of  Uisfy* 
Hum,  Disanthus  and  Liquidambar)  the  cork  develops  from  the  subepidermal 
cell-layer.  The  cork-cells  have  thin  walls  throughout.  In  the  transverse 
section  of  the  branch,  Reinsch  distinguishes  high,  quadrangular  cork-cells, 
which  form  the  spongy  cork  of  the  genera  Parrotia,  Distylium  and  Sycopsis, 
and  tabular  cork-cells,  which  are  low  in  the  radial  direction,  and  are  distinc- 
tive of  the  cork  in  the  remainder  of  the  genera  investigated  by  him.  It 
must,  however,  be  borne  in  mind  in  this  connexion  that  the  cork-cells  in 
the  thicker  branches  occasionally  (species  of  Hamamelis,  Trichocladus  and 
Liquidambar)  show  different  dimensions  in  the  same  transverse  section,  those 
formed  in  the  spring  having  wide  lumina,  whilst  those  arising  later  in  the 

*  Moft  important  literature :  Reinsch  and  Solereder,  U.  cc. 
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!>eason  become  gradually  flatter.  Phelloderm-formation  occurs  {Coryhpsis^ 
Dicaryphe,  Trichocladus^  Liquidambar), 

The  pnmary  cortex^  especially  its  middle  portion,  is  differentiated  as 
collenchyma  in  many  cases.  It  sometimes  (species  of  Disiylium,  Sycopsis^ 
IHcoryphe^  Bucklandia^  AlHngia^  Liquidambar)  includes  sclerotic  cells. 

In  aU  the  genera  investigated  by  Rcinsch,  and  to  these  I  can  add  Disantkus^ 
the  {lehcyclc  is  formed  by  a  composite  sclerenchymatous  ring,  which  is  con- 
tmuous  in  most  of  the  genera,  being  interrupted  m  AUingia  and  Liquidambar 
only.  Secondary  hard  bast  is  rare  (occurring  in  FothergiUa^  Distylium  and 
Sycopsis,  accorcung  to  my  own  obser\'ation  ;  in  Liquidambar^  according  to 
MoUer  ;  *  srlerenchyma  in  the  leptom,'  in  Dicoryphe  and  Sycopsis^  according  to 
Rcinsch).    The  medullary  rays  of  the  bast,  like  those  of  the  wood,  are  narrow. 

The  structure  of  the  wood  '  is  very  uniform  and  characteristic.  In  a  trans- 
verse section  one  observes  narrow,  uni-  or  bi-seriate  medullary  rays,  scattered 
vcsscb  never  with  wide  lumina,  which  are  four-  or  more-sided,  more  rarely 
{Trickociadus)  round,  and  wood-prosenchyma,  which  as  a  rule  has  thick  walls 
and  narrow  lumina,  and  forms  the  groundwork  of  the  wood.  The  vessels 
are  characteriied  by  strongly  inclined  di\ision-walls,  having  scalari form  per- 
forations, with  many  bars  ;  the  number  of  bars,  for  example,  amounts  to  8-14 
in  Parroiia  persica^  C.  A.  Mey.,  to  as  many  as  13  in  Hamamelis  virginica^  L., 
as  many  as  22  in  Liquidamlntr  styraciflua^  L.,  30-40  in  Bucklandia  populnea^ 
K.  Br.,  sometimes  more  than  40  in  CoryUypsis  pauciflara^  Sieb.  et  Zucc. 
The  walls  of  the  vessels  where  they  are  in  contact  with  medullary  rays  are 
provi(li'<I  with  simple  pits,  side  by  side  with  which  transitions  to  bordered  pits 
occur.  Spiral  thickening  has  on^v  been  observed  on  the  ends  of  the  vessels 
of  Coryiopsis  himalayana^  Griff.,  C.  pauciflora^  Sieb.  et  Zucc,  C.  spicaia^  Sieb. 
et  Zucc.  and  RhodoUia  Championi.    The  wood-prosenchyma  bears  bordered 

Sits  ;  in  Coryiopsis  the  borders  of  these  pits  attain  a  diameter  of  -0045  mm.,  in 
famameiis  SLnaSycopsis  a  diameter  of  •007  mm.,  that  is  to  say,  they  are  of  large 
size.  In  Hamamelis  chinensis^  R.  Br.,  the  walls  of  the  prosenchyma  are 
strenfi^thened  by  means  of  a  spiral  band.  With  regard  to  the  medullary  rays. 
It  remains  to  be  mentioned  that  their  cells  are  elongated  either  in  the  radial 
or  in  the  vertical  direction  ;  in  the  second  case  they  are  of  considerable  height. 

Reinsch  makes  a  number  of  statements  regarding  the  structure  of  the 
pith.  According  to  him,  the  pith  is  homogeneous  in  most  cases  (including  Liqui- 
dambar formohana).  A  heterogem*ous  pith  has  been  demonstrated  only  in 
Liquidambar  slyraciflua  and  L.  orientaU.  Reinsch  moreover  points  out  that 
in  some  members  of  the  Order,  e.g.  in  Liquidambar  and  AUingia^  or  in  Hama- 
metis  and  Coryiopsis^  the  cells  of  the  pith  are  transversely  elongated  in 
longitudinal  section  (i.e.  elongated  transversely  to  the  vertical  direction), 
whilst  in  other  cases,  e.g.  in  Bucklandia  and  Rhodoleia,  they  are  longitudinally 
elongated. 

The  crystalline  c(*ll-contents  in  the  axis  are  the  same  as  in  the  leaf.  The 
shar|>  systematic  distinction  which  exists  in  the  occurrence  of  solitary  or 
rlasten'd  crj-stals  in  the  ground-tissue  of  the  leaf,  does  not  hold  good  in  the 
same  manner  for  the  axis. 

S|)erial  internal  secretory  orgmns  occur  in  the  form  of  resin-canals,  only 
in  the  two  very  closely  allied  genera  Altingia  and  Liquidambar.  There  are 
7-8  of  these  resin-canals  situated  at  the  margin  of  the  pith,  and  they  lie  so  near 
to  the  protoxylem  of  the  vascular  bundles  that  they  might  be,  and  actually 
have  Uvn,  interpreted  as  an  integral  part  of  the  latter.    They  are  surrounded 

'  The  itnictiire  of  the  wood  hu  been  tnvcsticatcti  by  me  in  the  nnera  Pmrrtiim,  FoikergUtm^ 
IHstyhum.  Syf§fsu,  Cmyitftit,  //mmmm4/u,  Trukccimdms,  Dismmikm,  Rkod^Uim,  fimekimtdim^ 
lifuUtmhar  and  Altu^  (tec  '  Holatrakt«;  1.  c).  and  recently  also  la  Diftryplu  iHfmUctt^ 
^.  lliL  and  Hmtiigmm  ifeiyjfWtw,  Gaida.  et  Champ. 
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by  several  layers  of  small-celled  epithelium,  and  are  of  schisolysigenoiis  origuw 
according  to  Sieck.  The  balsam-canals  of  the  axis  can  be  traced  fran 
the  branches  into  the  leaves,  where  they  likewise  stand  in  relation  to  the  vas- 
cular bimdles,  being  situated  on  the  upper  side  of  the  xylem ;  they  can  be 
traced  into  the  finest  branches  of  the  veins.  In  tissues  other  than  the  margin 
of  the  pith,  the  resin-canals  do  not  occur  \  but,  according  to  Plancboo 
and  Van  Tieghem,  cells,  filled  with  resin,  but  not  differentiated  as  idioblasts, 
occur  in  the  secondary  cortex  of  the  branch.  The  resin-canals  arc  present 
in  the  root.  In  the  young  root  they  lie  on  the  inner  side  of  the  groups  of  pri- 
mary bast  of  the  bundle-system,  whilst  in  the  older  root  they  come  to  be 
situated  between  the  primary  and  secondary  bast,  owing  to  the  fact  that  the 
cambium-ring  extends  on  the  inner  side  of  them  ;  in  consequence  of  this  they 
appear  to  belong  to  the  bast,  and  subsequently,  when  the  primary  bast  i> 
compressed  after  the  manner  of  horn-bast,  they  seem  to  lie  m  the  pericyck. 
In  addition  to  the  resin-canals,  the  same  type  of  secretory  cells  is  found  in 
the  bast  of  the  root  as  in  the  branch '. 

Appendix  :  On  the  genera  Ostrearia  and  Myrotkamnus. 

Of  the  two  genera,  which  belong  to  the  doubtful  HamameUdeae,  I  was  able 
to  investigate  an  original  specimen  of  Ostrearia  in  the  Kew  Herbarium  (O.  australimms, 
Baill.,  Rockingham  Bay,  misit  F.  v.  Mull.)  anatomically.  The  anatomical  investi- 
gation proved  that  this  genus,  which  even  in  the  structure  of  its  fruit  agrees 
<}uite  well  with  Parroiia,  Hamamelis,  &c.,  belongs  without  doubt  to  the  Hamame- 
lidcae.  The  xylcm  is  quite  similarly  constituted  to  that  of  the  Order  in  qnestioii. 
The  medullar^'  rays  are  uniscriatc,  the  wood-prosenchyma  has  thick  vnSki  and 
narrow  lumina,  and  bears  bordered  pits,  the  vessels  have  relatively  small  lomsna, 
arc  quadrangular  and  scattered  in  a  transverse  section,  and  provided  with 
scalariform  perforations  having  very  numerous  bars,  and  have  large  simple  pits  ui 
contact  with  the  parenchyma  of  the  medullary  rays.  As  in  the  Hamamelideae,  the 
pcricyclc  contains  a  composite  and  continuous  ring  of  sclerenchyma.  As  regards  the 
structure  of  the  leaf  the  following  features  favour  the  inclusion  of  Ostrearia  amongst 
the  Hamamelideae  :  the  absence  of  external  glands,  the  bifacial  leaf-stmctnre. 
the  stomata,  which  only  occur  on  the  lower  side  of  the  leaf  and  are  accompanied 
by  subsidiary  cells  placed  parallel  to  the  pore,  and  also  the  occurrence  of 
sclerenchyma-fibres  in  the  mesophyll,  traversing  the  leaf-tissue  in  a  perpendicnlar 
direction  and  branching  below  the  epidermis  on  both  sides.  Trichomes  have  not 
been  observed  in  Ostrearia,  Oxalate  of  lime  is  found  accompanying  the  sclerenchy- 
matous  sheath  of  the  vascular  bundles  in  the  form  of  ordinary  solitary  crystals  ;  in 
the  mesophyll  it  occurs  in  the  form  of  clustered  cr>'stals. 

The  second  genus  Myrothamnus,  both  species  of  which,  viz.  M.  flabeilifoitSt 
Welw.  and  M.  moschata,  Haill.,  I  was  able  to  examine  at  Kew,  must  certainly  be 
excluded  from  the  Hamamelideae,  in  accordance  with  the  anatomical  structure,  as 
well  as  the  exomorphic  features.  Provisionally,  until  a  definite  relation  to  some 
other  Order  has  been  established,  it  may  be  best  to  regard  the  genus  Myrotkmm- 
nus  as  forming  a  separate  independent  Order,  as  has  be«i  done  in  the  Naturliche 
Pflanzcnfamilicn.  Anatomically,  Myrothamnus  is  essentially  distinguished  from 
the  rest  of  the  Hamamelideae  by  the  possession  of  spherical  resin-cells,  which  occur 
in  the  epidermis  on  both  sides  of  the  leaf,  and  penetrate  somewhat  into  the  meso- 
phyll ;  further,  by  the  stomata,  which  are  surrounded  in  an  irregular  manner  by 
several  ordinary  epidermal  cells,  by  the  bordered  pitting  of  the  vessel-wall  in  coo- 

'  Tschirch's  sUtement  to  the  contrary  (Angew.  Pflanzenanat.,  Hd.  i,  1889,  pp.  501,  50a),  aooord- 
ing  to  which  the  I  jqaidambareac  posiess  schizogcnons  lecretory  reccptacks  in  the  primary  cortex,  u 
incorrect. 

*  The  officinal  '  Styrax  liqnidai,*  which,  as  it  well  known,  is  obtained  by  boiling  the  btfk  o4 
Liquidambar  orientalis^  Mill,  in  water,  and  likewise  the  '  sweet  gum '  of  2.  styraei/lma^  L.  are, 
according  to  J.  Moller  and  Planchon  (Zeitschr.  osterr.  Apothek.-Ver.,  Bd.  1,  1896,  tieft  i,  a),  not  the 
prodnct  of  the  aboTe-mentioncd  resin-canals,  but  are  gf  pathological  origin,  limilarly  to  the  fctia  of 
Siyrax  Benwoin,  In  consequence  of  injnrics  and  other  mechanical  infhwnces,  schitogCDOiiB  balMi- 
carities  arise  in  the  wood,  their  farther  dcTelopment  being  lyiigcnous  ;  the  balsam  from  Uwtc  cavkkt 
only  secondarily  permeates  the  cortex. 
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tact  with  the  parenchyma  of  the  medullary  rays*  and  also  by  the  compound  p(41en- 
grains  *.  which  ccmaist  of  four  cells  arranged  tetrahedrally. 

The  foUowing  points  regarding  the  structure  of  the  leaf  and  of  the  wood  may 
be  added  to  complete  the  anatomical  diagnosis  of  Myvothamnus,  The  leaf-structure 
IS  centric.  The  vascular  bundles  of  the  veins  arc  embedded  and  only  accompanied 
by  a  httlc  sclerenchyma.  Trichomes  are  wanting.  Oxalate  of  hme  occurs  in  the 
leaf  in  the  form  of  clustered  crystals.  A  transverse  section  of  the  wood,  like 
that  of  the  Hamamelideae,  shows  vessels  with  very  small  Quadrangular  lumina, 
untscnate  medullary  rays,  and  wood-prosenchyma  having  thick  walls  and  fairly 
narrow  lumina  and  bearing  bordered  pits.  The  bordered  pits  of  the  vessels  are 
exceptionally  small  in  Myrothamnus.  The  perforations  of  the  vessels  are  in  part 
scalariform  Vi-ith  many  bars,  as  in  the  HamameUdeae.  Besides  these,  what  are 
called  pit -perforations  occur ;  in  this  case  the  cross- wall  bears  innumerable 
small  elliptical  perforations  of  the  same  size  as  the  border  of  the  pits  on  the  vessels ; 
these  perforations  arc  arranged  parallel  to  the  transverse  axis  01  the  division-wall, 
and  hence  are  also  placed  in  parallel  rows  with  regard  to  one  another.  The 
thickening  ndges  between  the  small  pit-Uke  perforations  of  the  same  row  are  fre- 
quently so  deUcate  that,  on  superficial  observation,  the  perforation  appears  to  be 
scalariform. 

Literature  :  Gtii,  Moclle,  Nouv.  Arch.  Mus.  d*hiit.  nat.,  t.  ri,  1870,  pp.  265,  366.~M611er, 
HolfaoAt.,  l>cDkichr.  Wiener  Akad.  1876.  pp.  33  and  339.— Retnke,  in  Phngsheim  Jahrb.,  Bd.  x, 
1K76,  p.  159— I)e  But.  Veri^l.  Anat.,  1877.— licMclbajth,  VergL  Anat.  d.  Holies,  Diss.,  Leipzig. 
1^7*;.  p.  <v— MoHer,  Kimlenanat.,  188a.  pji.  88,  89.— Van  Tieghem,  Can.  sccnh.  des  Liquid,  etc., 
Hnlf  Soc.  »K>t.  de  France  1884,  pp.  J47  56 — Soleredcr,  HoUstr..  1885.  pp.  116  to  118.— Van 
Tiegbem,  Ann.  sc.  nat.,  «^r.  7,  t  t,  1885,  pp.  Ro-7.~Petit,  Petiole,  Mem.  Soc.  sc.  phys.  et  nat. 
de  liordeaQz,  a^r.  3,  t.  iii.  1887.  pp.  320,  .wi  and  pi.  iii.— Kadlkofer,  Glted.  d.  Sapindac,  SiU.- 
Her.  Munch.  Akad  1S90,  |}.  307.^Keinsch,  Aoatom.  Verb.  d.  IL  etc.,  in  Engler,  lk)t.  Jahrb.,  Bd.  xi, 
iHyo,  pp.  347  95  and  Tab.  riii. — Tboa¥cnin,  Strnct.  des  Saxifra^c^es,  Ann.  ic  nat,  s^r.  7,  t.  xii, 
18^  pp.  1*35  47  and  pi.  Ji.^Niedrnni,  in  Natiirl.  Pflanzenfam.,  iii.  Teil,  Abt.  3 a,  1891,  pp.  104 
and  116.  11 '7 .—Van  Tieghrm.  Nonr.  rem.  sar  la  diip.  des  can.  stoct.  etc.^  Jonmal  de  bot.  1891, 
pp   3H6-H.^-Sieck,  Schiiolyaig.  Sekrctbeh.,  in  Pnngsheim  Jahrb.,  Bd.  xxrii,  1895,  p.  337. 

BRUNIACEAE. 

I.  Review  of  the  Anatomical  Features.  This  Order  is  characterized 
by  a  s<TU'N  of  anatomical  features  in  the  structure  of  the  leaf  and  axis.  The 
stomata  an-  stirrotjnde<i  by  several  epidermal  cells  undifferentiated  in  shafie. 
Thr  vasciil.ir  bundlt^  of  the  loavt»s  are  em!)eddcd.  The  wood  is  characterized 
by  narrow  mc<lullary  rays,  by  vessels  having  relatively  small  lumina,  scalari- 
form  jHTforations  in  thi-ir  end-walls,  and  l)ordered  pits  on  the  walls  in  con- 
tact witli  the  iKironchyma  of  the  medullary  rays,  by  .scanty  development  of 
woc>d-|»;irenrhyma,  an<l  by  the  distinct  Iwrdered  pitting  of  the  wood-pros- 
enchyma. Tlir  formation  of  cork  is  sujierficial.  The  i)cricyclc  contains 
primary'  bundles  of  hard  bxst,  which  arc  sometimes  more  or  less  united  by 
miMns  of  ^'roui>s  of  stone-cells.  The  hairy  covering  consists  of  simple,  uni- 
cfllular  hairs  of  vaned  length,  (ilandular  hairs  are  absent ;  intemsd  glands 
likewise,     i  )xalate  of  lime  occurs  in  the  form  of  soUtary  and  clustered  crystals. 

1.  STKtXTiRE  OF  THE  Leaf.  Thc  structure  of  the  leaves  has  been  de- 
scri!x'rl  by  Tliouvenin '  and  Niedenzu  ' ;  the  leaves  usually  resemble  those 
of  Erica  or  Cas\iope^  more  rarely  those  of  Thymus  or  Myrtus,  and  are  frequently 
adpr«^srd  to  the  stem  and  xerophiloas.  tTiey  are  traversed  by  three  longi- 
tu(hnal  v<'inv~a  median  vein  and  two  small  lateral  strands. 

Th«-  epidermis  on  l)oth  sides  of  the  leaf  is  composed  of  large  cells  above 
and  Ih.Iow  the  median  vein  ;    from  this  region  the  size  of  the  epidermal  cells 


'  Pollen -([raint  of  this  kind  do  not  occnr  in  any  f^enut  of  the  Haniaaielideac. 
*  Ann.  ftc.  nat..  ttr.  7.  t.  sii,  1890,  pp.  148-52  and  pi.  aa.    Thoatcnia's  iavestii^atioos  extend  to 
9pecit%  oT  AmJomimta^  Hirmrdim^  Urmmta,  Lim^mia^  Siaamm  and  TUtummmim, 
'  In  Nsturl.  FMancofaai.,  lit  Teil,  AbC.  s,  1891,  pp.  131,  133. 
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diminishes  towards  the  marjgin  of  the  leaf.  The  epidermal  cells  are  more  or 
less  arched  outwards,  sometimes  as  papillae  (Niedenzu)^  and  have  a  p<dygooal 
or  slightly  undulated  outline  in  surface-view.  The  cuticle  is  usually  very 
thick,  being  occasionally  smooth,  but  it  may  also  be  longitudinally  striate, 
e.g.  in  Brunia  lanugifwsa^  B,  aracknoidca^  or  Berardia  paUacea,  Niedenio 
also  mentions  siUcification  of  the  epidermis. 

As  a  rule  the  stomata  occur  on  both  surfaces  of  the  leaf,  in  Linconia  cmspi- 
data  on  the  lower  side  only.  They  occupy  the  space  between  the  mediaD 
vein  and  the  leaf-margin,  either  forming  a  single  fairly  regular  longitudinal  row, 
e.  g.  in  Brunia  lanuginosa^  or  two  such  rows  {Brunia  aracknoiiea^  Tittmamfu 
lateriflora^  Audouinia  capitata),  or  4-5  {Linconia  cmpidaia,  Berardia  pateace^ 
Staavia  radiata).  The  long  axis  of  the  stomata,  which  coincides  with  the  pore, 
lies  in  the  direction  of  the  median  vein  in  nearly  all  the  genera ;  an  exceptioD 
to  this  is  afforded  by  Staavia  radiata  alone,  in  which  the  long  axis  of  the  stomata 
is  placed  at  right  angles  to  the  median  vein.  The  guard-cells  are  surrounded 
by  4-7  cells,  which  are  somewhat  smaller  than  the  remaining  epidermal  ceDs ; 
the  arrangement  of  these  subsidiary  cells,  as  in  Heuchera^  appears  to  be  spiral 
in  accordance  with  their  development. 

The  assimilatory  tissue  is  mostly  centric  in  structure,  the  central  part  of 
the  cross-section  of  the  leaf  being  occupied  by  the  vascular  bundle  and  the 
spongy  parenchyma  surrounding  it.  Between  the  spongy  parenchyma  and 
the  epidermis  a  row  of  parenchymatous  palisade-cells  is  found  on  all  sides  of 
the  transverse  section.  Occasionally,  however,  according  to  Niedenzu,  tme 
palisade- tissue  is  situated  on  the  lower  side  of  the  leaf  only. 

Libriform  is  wanting  in  the  xylem  of  the  vascular  bundles  of  the  veins. 
Hard  bast  accompanying  the  vascular  bundles  is  either  not  developed  or  is 
produced  in  varying  abundance. 

Thouvenin  observed  solitary  crystals  of  oxalate  of  lime,  accompanying 
the  vascular  bundles  in  Brunia^  Berardia^  Audouinia  and  Tittmannia.  ISfiedeniu 
states  that  clustered  crystals  occur  much  more  frequently  than  solitary  crystals 
in  this  Order. 

The  occurrence  of  branched  fibrous  sclerenchyma-cells  in  the  mesopbyD 
of  Linconia  cuspidaia  is  worthy  of  note  (Thouvenin). 

The  hairy  covering,  which  frequently  occurs  on  the  leaves  and  in  the 
floral  region,  is  constituted  by  very  long,  slender,  unicellular  hairs,  with  a  thick* 
smooth  wall,  and  a  narrow  lumen.  Side  by  side  with  these,  short  uniceUular, 
thick-walled  hairs  sometimes  {Audouinia  capitata)  also  occur. 

3.  Structure  of  the  Axis  '.  In  the  anatomical  structure  of  the  wood, 
genetic  relations  to  the  Comaceae  and  Hamamelideae  can  be  very  clearly 
recognized.  Thus  the  wood,  as  in  these  Orders,  is  characterized  by  scalan- 
form  perforations  in  the  vessels,  with  many  or  even  very  abundant  bars,  and 
by  wood-prosenchyma  with  typically  bordered  pits  (the  latter  feature  t< 
described  by  Thouvenin  also  for  Berardia  paleacea  and  Staavia  radiata).  The 
medullary  rays  of  the  wood  are  as  much  as  3  cells  in  breadth  ;  the  vessels  do 
not  have  large  lumina  (diameter  reaching  045  mm.),  and  are  mostly  isolated. 
The  wall  of  the  vessels,  even  where  bounded  by  ray-parenchyma,  bears  bordered 
pits,  which  sometimes  have  the  form  of  scalariform  bordered  pits.  The  wood- 
parenchyma  is  restricted  to  the  neighbourhood  of  the  vessels,  or  occurs  only 
to  a  subordinate  extent  among  the  prosonchyma. 

Thouvenin  makes  the  following  statements  regarding  the  cortex.  The 
epidermis  consists  of  cells  which  are  arched  outwards  convexly,  and  bears 
the  simple  hairs  already  described.    The  thin-walled  cork  arises  immediately 


'  Solrreder,  Holxstniktur,    1885,  pp.  118,    119;   tpedes  of  Raspalia^  Bert^im^   Br 
AtuLmimia  were  investigated.    Sec  also  Thoa¥cnin»  loc  cit. 
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below  the  epidermis.  The  primary  cortex  is  formed  by  only  a  few  rows  of 
cells,  and  in  the  species  of  arunia^  Berardia^  Staavia  and  TiUmannia^  already 
named,  contains  sclerosed  cells.  In  Audouinia  cabitata  isolated  bundles  of 
primary  bast-fibres  occupy  the  boundary  between  oast  and  primary  cortex ; 
m  the  rcm«iining  genera  mvestigated  by  Thouvenin,  there  is  an  interrupted 
sclcrenchymatous  ring,  consisting  of  groups  of  bast-fibres  and  of  stone-cells. 
The  bundles  of  soft  bast  are  narrowed  outwards  in  the  transverse  section  in 
such  a  manner  that  the  medullary  rays  between  them  broaden  out  extemaUy 
m  the  form  of  wedges. 

HALORAGEAE. 

The  Haloragcae,  which  are  placed  near  the  Onagrarieae  by  most  sys- 
tcmatists,  are  distinguished  from  that  Order  by  the  lack  of  intraxylary  phloem  '. 
They  are  further  characterized  by  the  absence  of  a  special  type  of  stoma,  and 
by  the  simple  })erforations  of  the  vessels.  Oxalate  of  hme  is  excreted  in  the 
form  of  clustered  crystals.  Internal  secretory  organs  are  absent.  The  hairy 
covering  is  formed  by  sim])le,  unicellular  or  uniseriate  trichomes,  peltate  hairs, 
glandular  shaggy  hairs,  and  other  external  glands  of  complicated  structure. 
Some  of  the  Halorageae  are  water-plants,  and  in  these  an  elaborated  inter- 
cellular system  as  well  as  reduction  of  the  fibro-vascular  system  is  found.  Of 
th«?  terrestrial  members,  the  species  of  Gunnera  have  an  anomalous  structure, 
m  so  far  as  steles  occur  in  place  of  the  vascular  bundles ;  these  steles  ana- 
stomose to  form  a  network  in  the  more  strongly  developed  stems  of  certain 
specu^. 

The  mesophyll  may  Ix*  differentiated  into  |)alisade  and  s|)ongy  tissue, 
\w\i\u,  bifanal  or  sulM:(*ntric  in  structure,  or  may  consist  of  uniform  parenchy- 
m;it(ius  tissue.  The  stomata,  as  already  stated,  lack  characteristic  sub- 
sidiary cells.  The  cells  adjacent  to  the  stomata,  however,  occasionally  differ 
in  size  and  shajH*  from  the  rest  of  the  epidermal  cells.  The  development  of 
the  stomata  takes  place  according  to  the  Cruciferous  or  Ranunculaceous  type 
(Parmfiititr).  As  regards  the  occurrence  of  stomata,  the  amphibious  species 
in^havf  liki*  the  water-plants  belonging  to  other  Orders.  Numerous  stomata 
occur  wht-n  air  is  the  surrounding  medium  ;  they  are  absent  or  diminish  in 
numlxT  on  tlur  corresfxmding  surface  when  the  leaf  is  developed  under  water. 

Thus.  arrr)rrlinR  to  llegelmaicr.  in  the  land-forms  of  the  Eucallitriches  the  stem 
and  lM>th  Iraf-surf^ices  arc  rich  m  stomata  ;  in  the  submerged  forms  stomata  are 
abiicnt  on  x\\v  htcin  and  only  occur  sf»oradicaJly  on  the  leaves  ;  in  the  floating  leaves 
they  arc  nunirrous  on  the  upper  side  (sec  also  H.  Schenck).  According  to  Goebel, 
a  dcrcn-watrr  fc^rm  of  Uippuns  vtUt^aris  bore  two  large  stomata  only  at  the  incurved 
tip  of  the  Iraf ;  thr  land-form  of  the  same  species  has  numerous  stomata.  Finally, 
in  those  sitnics  cif  Myriophyllum  which  have  been  carefully  examined,  the  water- 
form  h;is  no  stomata,  while  the  land-form  has  numerous  stomata  on  both  sides  of 
thr  leaf '. 

Ephemeral  stomata  have  been  observed  by  Borodin  in  Calittriche.  The 
subnu-rgcd  CaUitricke  autumnalis  possesses  a  group  of  3-8  stomata  rather 
towards  thr  lower  side  of  the  tip  of  the  young  leaf,  where  the  median  vein 
dies  out  ;  these  stomata  subsequently  become  resorbed,  and  in  their  place 
an  o{>i'ning  in  the  epidermis  api^ears.  In  Uke  manner  the  tip  of  the  leaf  of 
C.  vftna  U-ars  one  very  large  stoma,  which  likewise  subsequently  disappears. 

'  I'annratirr'ft  ttatriscnt  at  to  the  ocLUiience  of  intimsyUry  toft  hui  tn  H^i^ragit  and  Ltmdomim 
pro  iwrte  is  doubt  lets  inconect. 

■  ?Mxmitn\\tt\  oUervaiiont.  according  to  which  atomaU  occur  oo  both  tides  of  the  leaf  of  MyrU- 
fkfUum  m4xuana,  on  the  upper  tide  ooly  Ib  M,  ttmiimmdu  etc,  and  to  00,  rcq«ire  iwther  eaam- 
laatiuo  with  reference  to  the  habitat  of  the  plant. 
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The  original  function  of  these  ephemeral  stomata  has  still  to  be  investigated, 
and  is  possibly  similar  to  that  of  the  stomata  on  the  lobes  of  the  kal 
in  Gunnera  scahra^  G,  macrophylla^  and  probably  also  G.  manicaia,  wbidi 
have  been  described  by  Reinke,  Merker,  and  Berckholtz.  These  are  *  water- 
pores '  or  'mucilage-pores'.  Numerous  stomata  occur  on  the  upper  side  of 
the  laciniae  in  the  above-named  species  of  Gunntra^  but  only  a  tew  on  the 
lower  side.  Below  the  former,  small-celled  parench3rma  is  found,  and  beneath 
that  the  vasctilar  strands.  The  small-celled  parenchyma  is  filled  with  mua- 
lage,  which,  as  Merker  has  demonstrated  in  Gunnera  scabra^  makes  its  way 
into  the  intercellular  spaces,  and  is  excreted  externally  through  the  stomata. 
As  soon  as  the  leaf  has  unfolded,  the  formation  of  mucilage  ceases,  and  the 
laciniae  wither. 

Oxalate  of  lime  is  differentiated  in  the  form  of  clustered  crystals,  as  has 
already  been  stated  above.  A  very  peculiar  feature  is  the  occurrence  of  spiny 
clustered  crystals,  which  lie  in  small  thin-walled  cells,  completely  adapted  to  the 
shape  of  the  clusters;  these  cells  border  and  project  into  tne  intercellular  spaces 
in  Myriophyllum  ( Vochting  and  others)  and  Scrpicula  repens^  L.  (Fig.  72,  A ). 
Nuclear  crystalloids  have  been  met  with  in  the  epidermis  of  the  leaf  and  stem 
of  Hippuris  vulgaris  by  Zimmermann. 

Among  the  trichomes,  the  simple  hairs  may  be  referred  to  first.  They 
are  unicellular  {Gunnera^  Haloragis  alata^  J^icq.)  or  uniseriate  and  few-celled 
(Serpicula).  The  unicellular  hairs  of  Gunnera  tnanicata  (according  to  Berck- 
holtz) and  Haloragis  are  short,  and  possess  subsidiary  cells,  which,  like  the 
body  of  the  hair,  are  silicified.  Peltate  hairs  (Fig.  72,  B-D)  are  found  in 
Hippuris  and  Callitriche  (Hegelmaier,  Rauter  and  O.  Bachmann) ;  func- 
tionally, at  least  in  some  cases  (in  Callitriche^  according  to  SchiUing)  they  are 
mucilage-glands.  The  shield  is  small,  and  has  thin  walls,  more  or  less  numerous 
rays,  and  an  entire,  or  a  crenate  margin,  owing  to  the  projection  of  the  rays. 
The  shield  is  borne  by  one  or  several  stalk-cells. 


The  principal  rays  of  the  shield  var>'  in  character,  occasionally  even  in  the  x 
species.  In  some  cases  they  consist  of  simple  ray-cells  {Hippuris  maritima^  HeUen.^ 
In  other  cases  they  are  divided  by  secondary  radial  walls  {Hippuris  vulgaris^  L.. 
Callitriche  obtusanguia,  Ia:  Gall.,  C.  platycarpa,  Kutz.,  C.  stagnalis.  Scop.,  C.  ierrestm, 
Rafin.,  C.  verna,  L.,  C  .  Wightiana,  Wall.).  In  a  third  series  of  species  (C.  auiumnsits, 
L.,  C.  truncata,  Guss.,  C.  verna,  L.)  they  are  divided  by  seconaary  tangential  walls. 
and  in  Hippuris  vulgaris  by  secondar>'  radial  and  tangential  walls ;  in  these  cases 
the  tangential  walls  correspond  with  one  another  in  such  a  way  that  the  shield 
appears  to  be  composed  of  concentrically  arranged  zones  of  cells. 

A  modification  of  the  peltate  hairs  is  found  in  the  fan-shaped  trichomes  (Fig.  72,  D) 
occurring  in  the  axils  of  the  leaves  of  Hippuris  vulgaris,  according  to  Rauter ;  a 
stalk -cell  bears  a  vertically  placed  fan.  which  consists  of  a  layer  of  cells  radiating 
from  the  stalk-cell. 

The  glandular  shaggy  hairs  of  Myriophyllum  and  Gunnera  may  be  classed 
next  to  the  peltate  hairs.  In  Myriophyllum,  where  Borodin  first  ob- 
served  them,  they  are  found  on  the  terminal  portions  of  the  leaves  and  leaf- 
segments  (Fig.  72,  £),  at  the  points  of  insertion  of  the  pinnules,  and  on  the 
stem  between  the  bases  of  the  leaves.  They  are  flask-shaped,  and  consist 
of  a  large  number  of  polygonal  cells,  containing  strongly  refractive  bodies 
of  oily  appearance,  and  of  a  glucoside-like  nature  (according  to  Raciborski). 
These  shaggy  hairs  are  evident  only  on  the  young  shoots  ;  they  subsequently 
wither.  Within  the  genus  Gunnera  glandular  shaggy  hairs  of  similar  structure 
are  described  by  Merker  in  G.  scabra,  where  they  excrete  mucilage,  are  derived 
from  a  single  epidermal  cell,  and  likewise  shrivel  up  after  a  time,  and  by 
Berckholtz  in  G,  manicata.  Other  forms  of  external  glands  are  the  structures 
which  are  described  as  colleters  by  Merker,  and  have  been  obsoi^  on  the 
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leaves  of  Gunnera  scmbra^  G.  macrophylla  (Fig.  72,  F)  and  G.  mamcaia.  They 
are  more  or  less  distinctly  hemispherical  warts»  iHdiich  consist  of  a  considerable 
number  of  epidermal  cells,  arranged  in  longitudinal  section,  in  the  form  of  a  fan, 
and  adjoined  intemaUy  by  a  few  isodiametric  parenchymatous  cells.  The 
rather  strongly  swollen  outer  wall  of  the  secretory  epidermal  cells  is  covered 
by  the  cuticle,  ^diich  becomes  raised  up,  and  is  finally  burst  by  the  excreted 
tanniniferous  mucilage.  According  to  Merker,  the  colleters  occurring  on 
the  ribs  of  the  leaves  of  G.  scabra  are  specially  large;  they  are  further 
distinguished  by  the  papillose  differentiation  of  their  secretCMry  epidermis. 
According  to  Berckholtz,  similar  trichomes,  i.e.  hemispherical  structures  with 
palisade-like,  papillose  epidermis,  occur  on  the  leaf*surface  of  Gunnera  mani' 
cata^  side  by  side  with  those  of  a  secretory  nature;  these  structures  are, 
however,  without  secretion,  and  may  therefore  be  simjdy  described  as  warts ; 


Fio  7t.    A,  TrMmrcTir  arctioii  ikroaf  li  A  piece  ti  tW  cortrx  of  Strpiemlm  rtftns^  L.    B-o,  Peltate  luurt  of 
Htpfmrtt  rmigmrts.  L  ;  •  in  •orfttre>vicw.  C  m  wet  too :  "     '        "^        ^  --^— -  »--  -     -    •«       *  -^  -•— 

teal  of  Myrwfkyilmm  mrtMailsimm^  L.    f.  CoUrtrr  fro 
•MTtmo  tftrosfli  «  Mrawf Uad  of  Cmmm^rm  tmsero^ylU,- 
Mrrkrr. 


Of  we  conrx  oi  o«r]pfciMS  rv^fnu;  &#.  v-n,  rcRwe  luurv  oi 
lOQ :  u.  faa  Awd  peltate  hair.  I,  Tip  of  a  tefmeot  of  llie 
r  from  tlM  leaf  of  {;««Mra  m^trtfkyih,  BL  a  LoQ|kadMal 
fkylU^-'A  asd  ■  Orifiaal,  •-!>  after  Raater,  F  aad  O  alter 


their  cell-walls  are  silicified.    We  may  now  discuss  the  stem-glands  (Fig. 

SG)  occurring  between  the  leaf-bases  in  Gunnera  macrophylla  and  G.  scabta, 
CSC  glands  are  composed  of  several  structures,  resembUng  shaggy  hairs 
(glandular  laciniae).  leaving  only  narrow  canals  between  them,  and  clothed 
by  a  common  cap-shaped  layer  of  eoidermal  cells.  The  glandular  laciniae 
are  composed  of  numerous  polygonal  cells.  When  the  gland  begins  to  be 
active,  the  outermost  cclk  of  the  glandular  laciniae  swell  up  and  become  muci- 
laginous. Owing  to  the  pressure  of  the  masses  of  mucilage,  which  accumulate 
in  tlus  manner,  and  Ulcewise  contain  tannin,  the  epidermal  cap  finally 
bursts.  As  is  well  known,  these  stem-glands  are  connected  with  the  intrusion 
of  colonies  of  Nosioc^  which  are  found  enclosed  in  the  superficial  part  of  the 
stem  in  species  of  Gunnera ;  the  species  of  Nottoc  concerned,  ori^- 
ally  named  N.  Gunnerae  by  Reinke,  is,  according  to  Bengt  Jtesson,  identical 
with  N.  puncUforme,  (Kfltx.)  P.  Hariot.    In  connexion  with  the  external 

•oi«.ar>««  X 
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glands,  it  may  be  remarked  that  the  spines  on  the  stalks^ and  ribs  of  the 
leaves  (G.  manicata  and  G.  scabra)  are  emergences. 

The  axis  shows  varied  structure,  apart  from  the  general  features^  wfaidi 
have  already  been  referred  to  above.  A  slender  central  cylinder^  somniixM 
by  a  thick  lacunar  cortex,  is  characteristic  of  the  aquatic  species.  Hippwis 
and  Myriophyllum  have  the  simplest  and  most  reduced  structure ;  in  these 
plants  the  centre  of  the  stem  is  occupied  by  an  axile  fibro-vascular  mass*  and 
a  true  pith  is  wanting  here.  The  pith,  exhibited  by  the  older  stems  in  both 
genera,  only  arises  subsequently  by  the  resorption  of  the  central  primarv  ves- 
sels of  the  fibro-vascular  mass — hence  it  is  equivalent  to  wood-parencnjnna. 
As  compared  with  Hippuris  and  Myriophyllum^  CaUUriche  represents  a  less 
reduced  type,  inasmuch  as  true  pith  is  present,  although  it  is  restricted  to 
two  or  three  cells.  The  land-plants,  as  a  rule,  exhibit  normal  stem-stmctnrc 
with  a  ring  of  cambium  and  secondary  development  of  wood  {Halaragis  rnUA^ 
Jacq.,  Loudonia  aurea,  Lindl.).  The  stems  of  the  species  of  Gunnerm^  on  the 
other  hand,  have  anomalous  structure  ;  they  have  been  investigated  by  Reinke, 


Fig.  73.    TraoflTprae  wctioQ  throagh  one  of  the  iaoer  itele*  of  the  fltcm  of  Gmmm^m  ekiin$sit.<^Ahtr  Vmrn 
Ttpghem  and  Doaliot. 

Merker,  and  especially  by  Van  Tie|;hem  and  Douliot.  The  stem  of  Gftnners 
is  pol3^telic  in  structure,  as  Van  Tieghem  expresses  it.  A  transverse  sectioD 
of  the  stem  through  the  higher  intemodes  shows  a  larger  or  smaller  nomber  of 
variously  orientated  steles,  i.  e.  rings  of  vascular  bundles,  with  or  more  frequently 
without  pith. 

The  hypocotyledonary  portion  possesses  only  a  single  stele  without  pith.  la 
like  manner  in  the  species  with  wcatdy  developed  stems  (G.  cordifolia,  G.  monoua, 
G.  prorepens),  only  one  stele  is  present  even  m  the  higher  intemodes.  In  other 
species  (G.  inUgrifolia^  G.  lobtUa^  G,  magellanica),  the  single  stele  divides  in  the  higher 
intemodes  into  3  or  4,  which  are  arranged  in  the  form  of  a  ring  in  transverve  aectioo. 
and  have  a  circular  or  band-shaped  cross-section.  In  other  species  having 
still  thicker  stems  (G.  macrophylla,  G,  petpensa)^  a  larger  number  of  steles  is  net 
with  in  transverse  section ;  together,  however,  they  form  a  circle.  Finally, 
the  steles  in  G.  bracUata,  G.  chilensis,  G.  commuiaia^  G.  insignis^  G.  wutnicaim  and 
G.  petaloifUa  are  still  more  numerous  and  are  scattered  quite  irregularlv  over  the 
cross-section  of  the  stem.  When  several  steles  occur,  they  invariably  lonn  a 
network.  Further,  the  steles,  whatever  their  number  and  arrangement  may  be, 
always  possess  the  same  structure  (Fig.  71).  They  are  enclosed  by  an  endodennts, 
characterized  by  the  presence  of  Caspary's  dots  on  the  radial  walls  ;  below  the  endo- 
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dermis  they  have  a  pericyde  one  or  two  cells  broad ;  then  follows  a  ring  of  from  two  to 
six  isolated  groups  of  soft  bast,  and  still  further  inwards  are  the  vessels,  which  are 
usually  cmt>edded  in  thin-walled  parenchyma,  while  pith  is  usually  absent.  Lastly, 
it  may  be  mentioned  that  the  fibro- vascular  system  passes  out  of  the  axis  into  the 
leaf  m  the  form  of  steles. 

With  regard  to  the  primary  cortex  it  has  already  been  stated  that  it  con- 
tains numerous  air-cavities  in  the  aquatic  species.  In  Hippuris  these  cavities 
are  numerous,  isodiametric  in  transverse  section  and  separated  by  one-layered 
plates  of  cells  ;  in  Myriophyllum  and  Serpicula  they  are  arranged  in  a  ring 
in  transverse  section,  and  are  radially  elongated.  The  cortex  of  Loudonia 
aurcd  contains  subepidermal  groups  of  cells  resembling  bast-fibres,  and  palisade- 
tissue  ;  in  Hahragis  the  epidermis  and  the  outermost  cell-layer  of  the  cortex 
consist  of  sclerosed  cells.  The  pericycle  in  the  water-plants  is  surrounded 
by  a  more  or  less  distinct  endodermis  ;  in  Haloragis  alata  and  Loudonia  aurea^ 
and  hkewise  in  Proserpinaca  according  to  Parmentier,  the  pericycle  is  formed 
by  isolated  groups  of  sclerenchymatous  cells-;  the  latter  are  of  the  nature 
of  ro<i-cells  in  Haloragis.  As  regards  the  structure  of  the  wood  of  Haloragis 
alata.  the  medullary  rays  are  narrow,  the  vessels  have  narrow  lumina  (dia- 
meter =  028  mm.)  and  simple  perforations,  the  waU  of  the  vessels  has  bordered 
pitting  where  it  is  in  contact  with  the  parenchyma  of  the  medullary  rajrs, 
and  the  wood-prosenchyma  has  fairly  thick  waUs,  narrow  lumina,  and 
simple  pits.  The  medullary  tissue  is  either  lacunar  or  the  central  portion 
disappears. 

I.iteratQre  :  Cohn.  Florm  1850,  p.  683  and  Tab.  Til— Mohl.  in  Maitiu,  Hlit.  nat  Palm., 
i*  1^31  50.  Tab.  g,  j.^Hegelmaier,  Mooo^.  d.  Gatt.  Callitrickt,  StvUgait,  1864.— Sanio,  Hot. 
Zctt.  1H65.  p.  191.— Borodin,  Blattipitxe  eini|;.  Wasierpfl.,  BoL  2>tt.  1870,  p.  840  et  leq. ;  see 
alio  Horo<)u.  Bot.  Zrit.  1H69,  p.  883,  Hegelmaier,  Bot.  ZeiL  1870,  p.  304  note  and  1871, 
p.  493  ct  tea.,  and  Magnos,  in  Bot.  Zctt.  1871,  p.  483  et  tea. — Kaater,  Trichomgeb.,  separate 
copy  from  t)cnkschr.  Wiener  Akad.  1871,  PP*  6,  7  and  Tab.  I.  — Vbchting,  Hist  a. 
Fjiiwickl  (jrtch.  von  Myriophyllum,  Nova  Acta  Aaul.  Cacs.  l^eop.  CaroL  Germ,  nat  cor., 
Tol.  xnTi.  l^73,  18  pp.,  4  Tab. — Keinkc,  Morph.  Abh.,  Leipng,  1873. — Hegelmaier,  in  Martins, 
Flora  brasil..  toI.  aiii,  j,  1875,  p.  3  et  seq.  and  Tab.  i.— Delbroock,  Pflanienatach-,  in  Hanstein, 
Boc.  Abh  .  Bd.  ii,  1^75,  p.  56  (here  also  tbe  older  literature  00  the  tobjcct :  Warming,  Uhlworm  etc). 
—  I>f  Itary.  Vergl.  AnaL,  1877.— Pctenen.  in  Engler.  Bot.  Tahrb.,  Bd.iii,  1883,  p.  360.— Stratborger, 
Bot.  Praktik..  Jena,  1884,  pp.  1H6  and  250. — SoTereder,  HoUstr.»  1885,  p.  119. — Van  Tieghem  et 
lK>aliot,  Folyft^Iie,  Ann.  sc.  nat.,  s^.  7,  t  iii.,  1886,  pp.  307  to  313  and  pi.  <▼.— O.lBachmann, 
.SchiKlh..  Mora  1 886,  separate  copy,  pp.  36-8.^11.  Scbenck,  Vergl.  Anat.  d.  tnbm.  Gew.,  Bibl. 
bot.  Mrft  1.  Kaasel.  1886,  p{>.  13,  19  and  35  ct  seq..  Tab.  i  and  ▼.--Merker,  Gmuura  wutcropkylUy 


\\i\tx  1H89.  pp  3 10  to  333  and  Tab.  Tii-iz.— Paz,  in  Natiirl.  PflantenCun.,  tii.  Teil,  AbL  5,  1890, 
i>.  130 —Berdcholti,  Morph.  o.  Anat.  d.  Gunmera  imankaSm,  Lind.,  Bibl.  bot.  Heft  34,  1891, 
Katacl.  19  pp.  and  9  Tab.— Kadborski,  Inhaltskorper  d.  MyrifpkyUmm'Tndd,,  in  Ber.  Dentsch.  bot 


Gesellscb.  1693,  p.  348.~Petenen,  in  Nattirl.  Pfianzenliam.,  iiu  Teil,  Abt  7.  1893,  pp.  337<9  and 
Figt.  98.  99. — Goebcl,  Pflantenbiolog.  Schild.,  ii.  Teil,  3.  Uef.,  Marburg,  1893,  pp.  340  and  343.— 
Bcngt  Junssoo,  Stodier  ofver  algparasstism  bot  Gumtura^  Bot.  Not.  1894,  30  pp.  and  6  F'igt. ; 
abstr  Bot.  Ccntralbl.  1894,  iii.  p.  13.— .Schilling,  Schldmbild.  d.  Waiterpfl.,  Flora  1894,  pp.  334-7.— 
Parmentier,  Rech.  anat  et  Uzin.  snr  les  Oenotheracto  et  let  H.,  Ann.  sc.  nat^  s^r.  8,  t.  iii,  1896, 
pp  65   149  and  pi.  i  ri.— [Parmentier,  Le  Monde  det  pi.  1897,  p.  178  et  seq.] 

RHIZOPHORACEAE. 

I.  Review  of  the  Anatomical  Features.  The  Rhixophoraceae  are 
characterized  anatomically  by  stomata  surrounded  by  several  epidermal 
cells,  by  the  lack  of  glandular  hairs  on  the  foliage-leaves,  and  by  the 
tendency  to  the  formation  of  scalariform  perforations  in  the  vessels.  In 
the  ^'enera  of  the  tribe  Rhizophoreae  the  jwrforations  of  the  vessels  are,  so  far 
as  IS  known,  exclusively  scalariform,  in  the  genera  of  the  Legnotideae  they 
are  simple  and  scalariform.  The  wood-prosenchyma  bears  simple  pits  in  the 
Rhizophoreae,  bordered  pits  in  the  Legnotideae.  It  still  remains  to  be  deter- 
mined how  widely  the  superficial  formation  of  cork  and  the  composite  and 
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continuous  sclerenchymatous  ring  in  the  pericycle  are  distributed  in  the  Older. 
Oxalate  of  lime  is  excreted  in  the  form  of  clustered  and  ordinary  scditaiy 
crystals.  Of  internal  secretory  organs  one  only  finds  cells  with  madla^^ums  wiDsi 
occurring  in  the  epidermal  and  internal  tissue  of  the  leaf.  A  hairy  oovefing 
is  rare,  and  consists  of  simple  unicellular  trichomes,  which  are  occasiofially 
{Macarisia)  grouped  to  form  tufts ;  glandular  shaggy  hairs  have  only  been 
observed  on  the  stipules.  Special  anatomical  features  occurring  in  the  Older 
are  the  following  :  idioblasts  containing  clustered  {Caridlia)  or  solitary  crystib 
{Cassipourea^  Macarisia^  Weihea)  in  the  in  tegumental  tissue  of  the  leaf ;  develop- 
ment of  hypoderm  on  the  upper  side  of  tiie  leaf»  especially  in  the  plants  of 
the  mangrove  formation  ;  H-shaped  spicular  cells  in  the  gnnmd*tisme  of  the 
leaf,  axis  and  root  of  Rhizophora;  cork-warts  on  tl^  leaves  {CmrmOu, 
Rhizophara^  Weihea), 

2.    Structure  of  the  LEAF^    The  leaf-stractore  is  bi&dal  in  most 
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FiO.  74.    A,  Trantrerte  tection  of  the  leaf  of  Rkigopkorm  e^mjmimtm^  L.    B,  H-ahaped  qikalar  1 
cortex  of  the  branch  of  RkiMopkorm  M»mgk^  L.— A,  Original,  a,  after  Wanninf. 
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members  of  the  Order.  Species  of  AnisophylUa  and  Ceriops^  according  to 
Schimper,  as  well  as  Kandelia  Rheediiy  W.  et  A.,  show  a  tendency  to  cmtric 
structure.  The  palisade- tissue  frequently  consists  of  several  layers  of  short 
cells  (Ceriops  Roxburghiana,  Am.).  The  spongy  tissue  mostly  possesses  large 
intercellular  spaces.  In  Weihea  zeylanica^  ^U.,  it  is  very  oense,  in  fim- 
guiera  gymnorrhiza.  Lam.,  coUenchymatous.  The  mesophyll  of  Rkizobhora 
contains  spicular  cells  of  two  shapes,  differentiated  as  internal  hairs. 
The  spicular  cells  in  the  palisade-tissue  are  more  or  less  distinctly  H-shaped, 
while  in  the  spongy  tissue  they  are  star-shaped.  Both  forms  occur  m 
R,  conjugata^  L.  and  R.  mucronata.  Lam.,  the  stellate  form  in  R.  Mangle^ 
L.  alone. 

As  regards  the  integumental  tissue,  it  may,  in  the  first  place,  be  pointed 

'  According  to  Schiraper.  loc«  cit.,  and  according  to  nnpablished  obtervatioos  mwl  pvefMniioat 
by  Dr.  O.  Bachroann.   The  latter  extend  to  the  {^oera  Akia^iA^ra,  Cgrisfs,  KmmdHia  and  Brmgmigrm, 
of  the  Khizophorcac,  and  to  the  genera  Caraiha^  Gynoirotlus^  Weikia^  M^arinm^  Bk   ' 
and  Cassifiourta  of  the  l^egnotideae ;  the  tpcdes  ioTettiyated  will  be  named  in  the  I 
with  the  anatomical  ieatnret. 
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out  that  the  epidermis  on  the  upper  side  of  the  leaf  rarely  represents  a  simple 
layer ;  occasionally  it  is  two-layered  locally  or  throughout,  and  frequently  it  is 
supplemented  by  the  formation  of  hypoderm. 

The  epidermis  on  the  upper  side  of  the  leaf  of  Carailia  inUgtrrima,  DC.,  W$ik$a 
seylantca,  BailL  and  BUpkarisiemma  corymbosum.  Wall,  consists  of  one  layer  ;  it  is 
two-layered  in  places,  owing  to  the  appearance  of  division-walls  parallel  to  the  sur- 
face of  the  leaf,  in  Cassipowr^a  eiiipHca,  Poir.,  C.  guianensis,  AubL  and  C.  Sprucsana, 
IVrnth.  The  following  species  have  a  hypoderm  of  one  layer :  Bruguiera  0riop$UUa,  W. 
el  A.  and  B.  tymnorrkua.  Lam.,  as  well  as  D.  caryopkyllaeoiiUs  and  B.  parviflora^ 
according  to  Schimper ;  further  Gynoirochss  axillaris,  Bl.  and  Macarisia  sp.  (Hilde- 
brandt .  no.  3228),  and,  according  to  Schimper,  Crossostyles  multiflora^  A.  6r. ;  there  is  a 
hypoderm  of  two  layers  in  Ceriops-  Candoaeana,  according  to  Schimper ;  a  hypoderm 
<>i  three  or  more  layers  in  Rhixotkora  conjugata,  L.,  R.  Mantle,  L.  and  R,  mucronata, 
I^m..  as  well  as  Ceriops  RoMOurgkiana,  Am.,  Kandelia  Rkeedii,  W.  et  A.,  and, 
according  to  Schimper,  Dactylapetalum  BarUri,  Hook,  f.,  have  a  two-layered 
epidermis  combined  with  the  occurrence  of  a  layer  of  hypoderm-cells  situated  oelow 
it  ;  even  in  the  mature  leaf,  the  origin  of  the  former  from  a  single  layer  of  cells  by 
the  appearance  of  division-walls  parallel  to  the  surface  of  the  leaf  is  evident.  The 
lumina  of  the  hypodermal  cells  vary  in  size,  occasionally  in  the  same  hypoderm  ; 
especially  in  the  inner  layers  they  often  attain  considerable  dimensions. 

C)n  the  lower  side  of  the  leaf  a  distinct  hypoderm  is  developed  in  BrU' 
guura  gymnorrhiza  only.  The  xerophilous  character  of  the  leaf,  besides  app^- 
in^  m  the  formation  of  a  many-layered  integumental  tissue,  finds  expression 
\n  the  often  considerable  development  of  the  cuticle,  and  in  the  occurrence 
of  cells  \%ith  mucilaginous  membranes.  The  latter  have  been  met  with  in 
the  upper  epidermis  of  the  leaf  of  BlepharisUmma  corymbosa  and  Carailia 
inl^cerrima,  in  the  hypoderm  on  the  upper  side  of  the  leaf  of  Gynotroches  axillaris^ 
and  according  to  Schimper  (see  Fig.  21,  /,  in  the  Natiirl.  Pflanzenfam.) 
ai^o  m  Dactyhpetalum  Barieri^  Hook,  f.,  in  the  palisade- tissue  of  Rhizophora 
Maniple  and  R.  mucronata,  and  in  the  palisade  and  spongy  tissue  of  R,  con- 
fui^ata. 

Stomata  are  present  only  on  the  lower  surface  of  the  leaf.  They  are  de- 
prt-^scHi  and  are  often  providecl  with  a  front  cavity  of  characteristic  shape.  In 
surface-view  they  are  surrounded  by  several  subsidiary  cells,  which,  in  the 
bettor  investigated  species  of  Ceriops,  Kandelia,  Bruguiera  ^nd  Blepkaristemma, 
arc  distinguished  from  the  rest  of  the  epidem^  cells  by  their  oblong 
shape,  but  exhibit  no  specially  characteristic  arrancement  in  the  mature  leaf. 
In  Rhizophora  Mangle  the  walls  of  the  subsidiary  ceUs  bounding  the  respiratory 
cavities  are  cuticulahzed. 

The  vascular  bundles  of  the  smaller  veins  of  the  leaf  are  mostly  embedded ; 
they  are  almost  transcurrent  vertically  in  Macarisia  sp.  (Hildebrandt, 
no.  3228),  in  which  their  vascular  system  is  enclosed  by  large,  thin-walled 
parenchymatous  cells.  Sderenchyma  accompanying  the  vascular  bundles  niay 
t>e  either  absent  (Rhizophora  Mangle,  BlepharisUmma  corymbosum)  or  present ; 
in  the  latter  case  it  is  usually  weakly,  and  only  in  rare  cases  strongly 
developed  in  the  form  of  a  ring  (Gynotroches  axillaris).  Enlarged  terminaJ 
tracheides  have  been  observed  by  Schimper  in  species  of  Ceriops^  Kandelia 
and  Bruguiera. 

Oxalate  of  lime  is  present  in  the  leaf  in  the  form  of  clustered  crystals  or 
rhombohedra.  Clustered  crystals  are  exclusively  present  or  predominate  in 
the  genera  Rhizophora,  Ceriops,  Kandelia,  Bruguiera,  Carailia  and  Gyno- 
iroches ;  solitary  crystals  in  like  manner  in  Weihea,  Macarisia^  BlepharisUmma 
and  Cassipourea.  Special  emphasb  must  be  laid  on  the  occurrence  of  oxalate 
of  lime  in  the  epidermis  on  both  sides  of  the  leaf,  in  Carailia  in  the  form  of 
clustered  crystals,  in  Weihea^  Macarisia  and  Cassipourea  in  the  form  of  solitary 
crystals,    llie  epidermal  cells  concerned,  like  the  well-known  cry8tal<ells  of 
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the  leaf  of  Citrus,  exhibit  a  considerable  thickening  of  their  inner  wall,  in  ^diich 
the  clustered  or  soUtary  crystal  is  embedded. 

The  hairy  covering  essentiaUy  consists  only  of  unicellular,  pointed,  cloth- 
ing hairs,  with  thin  or  thick  waUs  ;  they  are  to  be  found  more  frequently  oo 
the  reproductive  than  on  the  vegetative  parts.  The  tufted  hairs  of  MacarisU 
consist  of  a  few  such  trichomes.  Whilst  external  glands  are  wanting  on  the 
lamina,  glandular  shaggy  hairs  occur  on  the  inner  side  of  the  stipules  in  certain 
species ;  they  excrete  a  gum-like  substance  on  the  leaf-Duds.  Accord- 
ing to  Warming,  these  glandular  shaggy  hairs  consist  of  a  sessile  ellipsoid 
head,  composed  of  a  central  multiseriate  group  of  cells,  sheathed  by  a 
secretory  epidermis  of  pahsade-like  differentiation.  The  small  black  spots 
which  are  to  be  met  with  on  the  lower  side  of  the  leaf  of  RkizopkarM 
Mangle,  are  not  glands,  as  Warming  states,  but  cork-warts.  The  latter  also 
occur,  for  example,  in  R.  mucronata,  CaraUia  inUgenima  and  Weikea  zey* 
lanica. 

With  regard. to  the  structure  of  the  petiole,  which  has  been  investigated 
in  Rhizothora  Mangle  only,  see  Warming,  loc.  cit.,  Taf.  IX-X,  Fig.  13. 

3.  bXRUCTURE  OF  THE  Axis.  With  respcct  to  the  structure  of  the  wood 
(which  has  been  investigated  amongst  the  Rhizophoreae  in  species  of  the 
genera  Rhizophora,  Ceriops,  Kandelia,  Bruguiera,  and  amonpt  the  Legno- 
tideae  in  species  of  the  genera  CaraUia,  Gynotroches,  Macansia  and  Cosst- 
pourea)  the  Rhizophoreae,  which  constitute  the  species  of  the  mangrove* 
formation,  arc  essentially  distinguished  bv  two  features  from  the  Lqgnotideae, 
which  are  the  Rhizophoraceae  of  the  dry  land.  Firstly,  the  wood-prosenchyma 
bears  simple  pits  in  the  Rhizophoreae,  bordered  pits  in  the  Legnotidnie. 
Secondly,  the  Rhizophoreae  have  exclusively  scalariform  perforations  in  the 
vessels,  whilst  on  the  other  hand,  the  Legnotideae  have  simple  elliptical  (rarely 
circular)  perforations,  accompanied  by  others  of  the  scalariform  type,  the 
latter  being  restricted  to  the  neighbourhood  of  the  primary  X]ieni«  or 
occurring  also  in  the  secondary  region  of  the  wood.  The  number  of  the  bars 
in  the  sodariform  perforations  is  not  very  great  (not  exceeding  12)9  often  less 
(in  Rhizophora  Mangle  not  more  than  5). 

The  medullary  rays  of  the  wood  are  of  varied  breadth ;  the  primary 
rays  may  be  8-seriate,  e.  g.  in  CaraUia  integerrima,  fairly  broad  also  in  Rhizo- 
phora  Mangle  and  Ceriops  Roxburghiana,  only  1-3-seriate  in  Cassipourem 
macrophylla,  DC.  The  vessels  have  lumina  of  various  sizes  (diameter  reaching 
•09  mm.  in  CaraUia) ;  usually,  however,  they  do  not  have  wide  lumina.  Scalari- 
form bordered  pitting  often  occurs  on  the  walls  by  which  adjacent  vessels 
touch  one  another  (e.g.  Rhizophora,  Ceriops,  Bruguiera,  Gynotroches).  The  wall 
of  the  vessel,  when  in  contact  with  the  parenchyma  of  the  medullary  rays. 
bears  bordered  pits,  and  sometimes  side  by  side  with  them  simple  pits.  Toe 
wood-parenchyma  is  not  very  abundantly  developed  anywhere,  occurring, 
however,  not  only  in  the  neighbourhood  of  the  vessels,  but  also  among  the 
wood-fibres. 

Regarding  the  pith,  it  is  only  necessary  to  state  that  in  Rhixopkorm  this 
tissue  contains  the  H-shaped  spicular  cells,  which  recur  also  in  the  primary 
cortex  of  the  same  genus.  Of  the  two  arms  of  these  cells,  one  is  generaUy 
longer  than  the  other,  and  in  place  of  the  shorter  one,  a  few  very  short  branches 
are  occasionally  present. 

The  structure  of  the  cortex  has  so  far  been  little  investigated,  namely 
by  Moller  in  Rhizophora  Mangle  and  R.  mucronata,  and  by  me  in  the 
branches  of  R.  Mangle  and  CaraUia  inteeerrima.  The  formation  of  cork  is 
superficial  in  both  genera.  The  cork  of  Rhizophora  Mangle  is  of  the  typical 
spongy  form  ;  in  CaraUia  iniezerrima  the  cork-cells  have  lumina  of  less  width. 
In  the  two  species  investigated  by  me  a  composite  and  continuous  sderenchy- 
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matous  ring  occurs  in  the  pericyde  ;  in  CaraUia  some  of  the  cells  of  this  ring, 
when  seen  in  transverse  section,  exhibit  sclerosis  on  one  side  or  in  the  form  of 
a  horseshoe.  Even  in  the  older  specimens  of  cortex  examined  by  Mdller, 
secondary  hard  bast  is  not  present. 

4.  Structure  or  the  Root.  Regarding  the  interesting  root-structure  of 
Bruf^teta  caryophyUaeoidss  and  Rhisaphora  Mangle,  both  of  which,  as  is  well  known, 
possess  aerial  roots  (stilt-roots),  the  following  description  is  taken  from  Schimper. 

The  roots  of  BruguUra  have  a  thick  cortex,  which  is  rich  in  intercellular  spaces  ; 
the  thickness  of  the  cortex  is  much  less  in  the  parts 
of  the  root  projecting  above  the  soil  than  in  the 
subterranean  parts.  The  intercellular  spaces  form 
radial  sUts,  and  are  of  schizogenous  and  lysigenous 
origin.  The  cen-layers  bounding  the  intercellular 
spaces  are  provided  with  annular  tignified  thickening 
ndges,  which  serve  to  strengthen  the  loose  and  other- 
wise thin-walled  tissue.  It  may  be  pointed  out  that 
the  intercellular  spaces  are  larger  in  the  subterranean 
portions  of  the  roots  than  in  the  aerial  parts, 
and  that  the  cortex  of  the  latter  alone  contains 
stone-cells ;  further,  that  in  the  soil  the  periderm 
consists  of  cork-ceUs  only,  while  in  the  air  it  is  com- 
posed of  alternating  layers  of  cork  and  paren- 
chymatous separating  tissue  ('  parenchymatiscbe 
Trennungsgewebe '), 

The  stilt-roots  of  Rkuapkora  abo  exhibit  a 
different  structure,  according  to  the  part  examined— 
whether  this  is  embedded  in  the  mud, or  pfojects  above 
it.  The  mater  thickness  of  the  part  of  the  root  which 
is  buried  in  the  soil  is,  in  this  case  abo,  connected 
with  the  strong  development  of  the  primary  cortex. 
In  the  subtemmean  parts  of  the  stiH-roots,  as  in  the 
lateral  roots,  the  structure  of  which  has  been  tho- 
roughly described  by  Wanning,  the  primary  cortex  (Fig.  7$)  consists  of  two  kinds 
of  cells :  firstly,  celu  which  are  elongated  in  the  radial  direction  and  are  con- 
nected with  one  another  tangentiaUy  by  short  lateral  arms,  and,  secondly,  cells 
which  are  elon^ted  in  the  vertical  direction  are  arranged  in  rows,  and  appear  in 
transverse  section  as  rather  small  roundish  lumina.  Only  the  radially  elongated  cells 
are  provided  with  thickening  ridges,  where  they  adjoin  one  another  or  come  in 
contact  with  the  cells  with  rounded  lumina.  The  part  of  the  root  projecting  above 
the  mud  has  a  primary  cortex,  which  is  thinner  and  is  traverMd  oy  considerably 
narrower  intercellular  nassagcs.  Into  these  intercellular  spaces  project  the  H-shaped 
snicular  cells,  already  described  above  in  the  leaf  and  axis ;  tney  are  almost  com- 
pletely wantine  in  the  subterranean  part  of  the  root.  Here  the  cortical  parenchyma 
consists  of  uniform  roundish-polygonal  cells  without  thickening  ridges. 


Fig.  75.  AportioaofatriAavcffM 
•ectksQ  tlvoBfli  Um  cortex  of  tht  root 
of  RJkita^karm  Mmmgk,  L^AIIcr 
Wanaisf. 
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COMBRETACEAE^ 

I.    Review  of  the  Anatomical  Features.     For  the  anatomical  dia- 
gnosis of   the  Order,  the   foUowing  characters  may  first  be  pointed  out. 


1  The  Older  k  aol  taken 
cafpcae  arc  eidadcd  aad  ai* 


qaite  the  tame  limits  at  in  Bcntbam  and  Hooker, 
later  in  the  Hetnaadiaocac  (i}.  ▼.). 


The 
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With  the  single  exception  of  MacropUranthes^  the  vascular  bundles  ait 
bicoUateral  in  structure,  even  in  Laguncularia  and  Lumniiura^  in  vduch 
the  intiSLi^lsLry  soft  bast  is  very  much  reduced,  and  is  therefore  easily  over- 
looked. The  wood  shows  a  uniform  structure  ;  the  vessels,  which  have  hunina 
of  various  sizes,  have  simple  perforations  throughout,  and  bear  bordered 
pits  even  where  they  are  in  contact  with  parenchyma ;  the  medullary  ra^ 
are  for  the  most  part  narrow ;  the  groundwork  of  die  wood  is  almost  alwajfs 
formed  by  wood-prosenchyma  with  simple  pits.  In  addition  to  these  characters 
we  have  the  usually  bifacial  leaf-structure ;  the  lack  of  mucilaginous  epi- 
dermal cells ;  the  absence  of  subsidiary  cells  accompan}ang  the  guard-cdk ; 
the  excretion  of  oxalate  of  lime  chiefly  in  the  form  of  dastered  crystals,  which 
frequently  give  rise  to  transparent  dots  in  the  leaf,  and  occur  in  tangentiaDy 
arranged  chambered  fibres  in  the  bast  of  the  axis,  whilst  solitary  crystals  are 
rare,  and  are  found  almost  solely  in  the  lignified  tissues  of  the  axis ;  lastly, 
the  characteristic,  unbranched  and  unicellular,  but  two-chambered  tnchomes 
(Fig.  76,  A-B),  which  are  present  in  all  the  genera  of  the  Order,  and  will 
be  treated  in  greater  detail  m  the  discussion  of  the  leaf-structure. 

In  addition  to  the  above,  some  other  anatomical  features,  concerning 
the  hairy  covering  and  the  structure  of  the  axis  and  leaf,  may  now  be  indi- 
cated. Side  by  side  with  the  two-chambered  unicellular  hairs  other  trichomes 
occur,  namely  long-  or  short-stalked  glandular  hairs  (Calycopieris^  GuUrm^ 
Combretum,  thiloa,  Cacoucia,  Quisqtudis  and  Laguncularia)^  the  latter  often 
of  small  scale-like  shape  ;  and  m  one  case  (Conocatpus)  two-armed  ntiir^nM^f 
trichomes  are  also  found.  The  origin  of  the  cork  is  mostly  internal,  more 
rarely  (Terminalia  pro  parte,  Lumniizera^  Laguncularia  and  MacropUrmmUm) 
superficial.  In  the  pericycle  isolated  bundles  of  hard  bast  are  sometimes 
present ;  on  the  inner  side  of  the  groups  of  hard  bast  a  broad  parenchsrmatons 
pericycle  is  occasionally  developed.  Secondary  hard  bast  has  been  observed 
m  the  Order.  In  CalycopUris,  Guiera  and  Thiloa^  as  well  as  in  many  hot 
not  all  of  the  African  species  of  Combretum,  the  xylem  contains  intenqiary 
phloem.  Other  special  features  of  the  leaf  and  axis  are :  formation  of 
papillae  on  the  lower  epidermis  of  the  Leaf  (species  of  Cofkbreium) ;  develop- 
ment of  hypoderm  on  the  upper  side  of  the  leaf  (Combreium  temahtm^  Wall.) ; 
sclerenchyma-fibres,  running  free  in  the  mesophyll  (species  of  Terminalia^ 
RamatueUa^  Anogeissus^  Combretum  and  Thuoa) ;  intercellular  mudlage- 
receptacles  in  the  veins  of  the  leaf,  in  the  medullary  sheath  and  in  the 
wood  of  the  branches  (species  of  Terminalia) ;  crystal-sclerenchyma  (Macro- 
pteranthes). 

2.  Structure  of  the  Leaf'.  The  leaf-stmctore  is  mostly  bifacial, 
rarely  centric.  In  the  centrically  constructed  leaves  of  the  species  of  Lagun* 
cularia,  the  middle  of  the  leaf  is  occupied  by  aqueous  tissue,  which  is  adjomed 
on  both  sides  by  palisade-tissue. 

The  large  leaLf-veins  have  a  vascular  bundle-system  of  bicoUateral  struc- 
ture ;  the  bundle-system  is  either  enclosed  by  a  ring  or  arc  of  sderenchyma 
(species  of  Terminalia,  Conocarpus,  Ramaiuella,  Anogeissus^  Guiera^  Macro- 
pteranthes,  Combretum,  Thiloa,  Cacoucia  and  Quisqualis),  or  is  only  accompanied 
by  a  few  sclerenchyma-fibres  (species  of  Terminalia,  Calycopieris^  Macro- 
pteranihes  and  Combretum),  while  in  certain  species  of  Terminalia,  LumniUera 
and  Combretum  the  sderenchyma  is  wanting.  The  vascular  bundles  of  the 
smaller  veins  are  either  embedded  (species  of  Terminalia,  Conocarpus,  Rama- 
tuella,  Anogeissus,  Lumnitzera,  Laguncularia,  Combretum,  Thiloa)  or  vertically 
transcurrent.    Sderenchjrma  accompanies  them  in  large  or  small  amount 


*  The  following  dcKriptioo  is  b«icd  ctMOtially  oo  the  work  of  Hciden  (BoL  CeatnlbL,  i^j)» 
who  inTettigmtcd  netrlj  ninety  tpedet,  belonging  to  mil  the  twelve  gtoerm. 
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(species  of  Terminalia,  RamaiueUa,  Anogeissus^  Guiera^  Macrapieranikes, 
Camhreium,  Thiloa,  Cacoucia^  Qmsqualis)^  or  is  absent  (species  of  Terminalia^ 
Calycopieris^  Anogeissus^  Lumniixera,  Macropteranihes^  Laguncularia  and 
Combrcium),  In  the  vertically  transcurrent  veins  sderenchyma  (species  of 
Terminalia^  Calycopttris^  Anogeissus^  Cambreium^  Tkiioa  and  Quisqualis)  or 
thin- walled  strengthening  tissue  (species  of  Terminalia^  Anogeissus^  Guiera 
and  Comhretmm)  extends  from  the  vascular  system  to  the  epidermis  of  each 
surfaci*.  In  certain  members  of  the  Order  S  sderenchyma-tibres  branch  off 
from  the  veins  and  run  freely  and  on  the  whole  quite  irregularly  in  the  mesophyll, 
as  well  as  between  the  epidermis  and  the  subjacent  leaf -parenchyma. 

The  following  special  points  may  be  mentioned  regarding  the  epidermis 
of  the  leaf.  The  lateral  walls  of  the  epidermal  cells  are  either  undulated  or 
straight.  In  Combretum  lanceoUUum^  Pohl»  the  epidermal  cells  on  the  lower 
side  are  subpapillose  or  papillose;  in  C.  AubUtii,  DC.  they  possess  manunilli- 
form  papillae.  The  walls  of  the  epidermal  cells  are  usually  not  much 
thickeniKl.  Marginal  pits  are  present  in  Cambretum  acuminatum^  Roxb.» 
C.  captiuliflorum,  Fenzl.,  C  Jacquinu  Griseb.  and  C.  laurifolium^  Mart.,  as 
well  as  in  Ramatudla.  Strong  markings  on  the  cuticle  are  wanting ;  delicate 
striation  of  the  latter  has  been  observed  only  in  some  species  of  Combreium, 
It  should  be  noticed  that  Heiden  did  not  meet  with  gelatinization  of  the  epi- 
dermis in  any  of  the  numerous  members  of  the  Order  investigated  by  him. 
Hypoderm  has  been  observed  below  the  upper  epidermis  of  the  leaf  only  in 
Cambretum  tn^natum.  Wall.,  where  it  is  developed  as  a  single  layer  and  only 
locally.  The  guard-cells  of  the  stomata  are  not  accompanied  by  any  special 
subsidiary  cells.  The  stomata  are,  as  a  rule,  found  only  on  the  lower  surface 
of  the  leaf ;  they  also  occur  on  the  upper  side  in  Terminalia  crenulata^  Roth., 
Conocarpus.  Guiera^  Lumnitztra^  Macrapttranthes  montana^  F.  v.  Miill.,  Lagun- 
cularia, Cambretum  aitum^  Guill.  et  Perr.,  C.  nanum^  Ham.  and  C.  trichanthum^ 
Fres.  var. 

As  regards  the  hairy  covering,  two  principal  types  can  be  distinguished 
in  the  Order,  namely  (i)  simple,  unicellular  hairs,  m  addition  to  which  uni- 
cellular, two-armed  hairs  are  present  in  one  genus  (Conocarpus),  and  (2)  gland- 
ular hairs.  The  simple,  unicellular  hairs  have  a  very  general  distribution  in 
the  Order.  Their  peculiar  feature  (Fig.  76,  A-B)  consists  in  the  fact  that 
the  l>as<*  of  the  hair,  which  is  usually  somewhat  swollen  in  a  bulbous  manner, 
is  bounded  towards  the  filiform  principal  part  of  the  hair  by  a  cellulose 
membrane,  more  or  less  convexly  or  conically  arched  outwards  towards 
the  filamentous  portion.  SThus  it  often  appears  as  if  the  hairs  in  question 
were  bicellular  ;  the  base  seems  to  consist  of  a  cell,  which  is  blunt  or  drawn 
out  into  a  long  point  at  its  end,  and  has  its  upper  end  apparently  inserted 
in  a  fUiform  hair-cell.  Heiden  has  proved  by  a  developmental  investigation 
that  these  hairs  are  actually  unicellular  and  not  bicellular.  The  simple 
hairs  vary  in  length,  in  the  thickness  of  their  walls  and  in  the  width  of  theii 
lumma*.  Regarding  the  unicellular  two-armed  hairs,  which  have  already 
been  mentioned  in  Conocarpus  (Fig.  76,  C),  it  may  be  added  that  the  stalk, 
which  forms  part  of  the  single  cell,  is  short,  and  that  the  terminal  portion  has 
equal  arms.    Transitions  to  these  two-armed  trichomes  are  fomied  by  the 


'  Thete  are  Bueidm  Huctrms,  I^,  Rucknmvia  ockr^fumvut^  Kichl.  ;  Ramafuilia  argfnifm,  H.  R  K., 
M  rt^tnt,  .Spruce :  Am§fritmt  antmimaa.  Wall.,  A,  Ui^arf^  GuiU.  et  Perr. ;  C^mhretum  ant* 
mtmmimm,  Koxb.,  C  AmkUiti,  IK..  C.  dtfomdrum,  Roxb.,  C.  •Uguu,  (mabw,  C.  Jmtfmmi^  Ghieb. 
▼ar.  Uurif^lium,  Mart..  C.  M^mUmris,  Mart.,  C\  miridmrn,  Spraoe,  C  0btunffiimm,  Rich.,  C.  ^kmM- 
imrfum.  Mart.;  TtUrn gUm^mrpm,  f-Jchl.,  T  graciHs,  Eichl..  T.  ttigmarim,  kkhl.  In  C.  saiui* 
/•l%um,  K.  Mejr..  they  are  abaeirt,  coolniiT  to  a  tUtefiieiit  of  HotCermaiui*!  oo  the  tafa^ect. 

*  <^hiite  aaalosow  thdioiBa,  it  OMiy  bt  noted,  havt  alto  been  obtcnrcd  te  tbe  Ctrtneae  (q.  ▼.). 
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one-armed  hairs  in  some  species  of  Terminalia  (Fig.  76,  D)  and  in  EmmmfmriU, 
The  latter  have  a  small  stalk  sunk  in  the  epidermis,  are  more  or  less  adpressed 
to  the  surface  of  the  leaf,  and  have  a  fully  developed  arm  on  one  side  only. 
whilst  on  the  other  there  is  only  a  short  protrusion  ;  the  ceUolose  membrane 
is  present  in  the  basal  portion,  as  in  the  ordinary  hairs. 

The  glandular  hairs  are  of  various  shapes,  and  are  alwa]^  composed  of 
fairly  numerous  cells.  To  begin  with,  they  may  be  subdivided  into  :  firstly, 
shortly  stalked  or  almost  sessile  glandular  hairs,  with  a  spherical  or  disc-shaped 


Fig.  ;6.  a,  b.  Ordinary  Combretaccou  bain,  c,  Two-amed  bair  of  Ccmoemrpmt.  D.  Oaii  ir— il  llair  «f 
Tfrmmsiim  •rgtnimy  Mart.  B,  GlaoHolar  hair  of  CmlyeoMtriM  ia  MCtioa.  r,  Bxtcmal  riaad  of  GMa*ni*MB  ««»• 
Uatum,  Vent,  o,  External  inland  of  Comhrttum  tbtmndruw^  Roib.  ■,  I,  Glaodalar  leal^  of  Tiyfiw^i 
rmcemasm^  GArtn.  f.— A,  o  after  Heideo ;  H,  I,  after  HoJtermaiui. 

head,  which  consists  of  a  single  layer  of  radially  arranged  cells  ;  and  secondly, 
glandular  hairs,  with  a  more  or  less  considerably  elongated  stalk,  and  a  spherical 
or  ellipsoid  head  composed  of  many  or  few  cells,  always  showing  inmilar 
arrangement,  and  never  forminc;  a  cell-surface.  In  one  case,  the  glandular  hairs 
of  the  first  type  are  bladder-uke  integiunental  glands,  the  secretion  being 
excreted  between  a  cup-shaped  cell-surface  and  the  cuticle ;  the  head  <rf 
the  gland  is  spherical,  and  the  structure  of  the  plate  of  cells  is  difficult  to  recog- 
nize from  above,  on  account  of  the  accumulation  of  secretion  (Ciifyafpiens^ 
Fig.  76  £,  Guiera^  Cambreium  pro  parte).  In  another  case  we  have  small 
glandular  scales,  the  accumulation  of  secreticm  beneath  the  catide  being 
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slight  or  wanting ;  in  consequence  of  this  the  structure  of  the  plate  of  cells 
is  distinct  when  seen  from  above  (ThUoa^  Combretum  pro  parte).  The  plate  of 
cells  presents  a  varied  appearance  in  surface-view,  inasmuch  as  the  scale  is 
either  formed  by  ray-cells  all  of  which  meet  at  the  centre  of  the  shieldL,  or  by 
ray-celLs  extending  inwards  from  the  margin  and  only  in  part  reaching  the 
centre,  or  lastly,  by  ray-cells,  some  or  all  of  which  are  divided  by  tan- 
gential walk,  uiis  diverse  structure  of  the  scale  is  of  value  for  the  diagnosis 
of  species,  as  O.  Bachmann  and  Heiden  have  shown  in  detail ;  but  at  the 
same  time  it  must  be  taken  into  consideration  that  several  of  the  above- 
described  types  of  structure  of  the  shield  are  occasionally  met  with  side  by 
side  in  one  and  the  same  species.  The  glandular  hairs  of  the  second  type 
include  the  external  glands  of  those  species  of  Combreium  which  previously 
constituted  the  genus  Paivrea^  of  Quisoualis  and  Cacaucia.  They  either  have 
a  spherical  (Fig.  76,  F)  or  an  elUpsoidal  (Fig.  76,  G)  head  ;  both  forms  of  head 
are  occasionally  to  be  found  side  by  side  in  the  same  species.  The  glandular 
hairs  of  Cacoucia  are  characterized  by  a  specially  long  multiceUular  stalk ; 
they  are  adpressed  to  the  leaf-surface  in  consequence  of  a  curvature  of  the 
stalk  near  its  base.  Quite  a  special  form  of  external  gland  is  to  be  met  with 
in  Laguncularia  tacemosa^  Gaertn.  (Fig.  76,  H-I).  This  has  a  cap-like  shape, 
and  possesses  a  very  short,  scarcely  developed  stalk,  consisting  of  several 
rows  of  cells ;  attached  to  the  stalk  \s  a  glandular  head,  which  consists  of 
polygonal,  irregularly  arranged  ceUs,  and  is  almost  of  the  same  breadth  as  the 
stalk,  so  that  it  is  scarcely  delimited  from  it.  These  glands  occur  singly  at 
the  bottom  of  extremely  characteristic  pits,  which  are  found  on  both  sides 
of  the  leaf,  are  fairly  deep,  and  have  a  flask-like  shape,  and  a  narrow  slit- 
like canal  opening  externally.  Holtermann  met  with  similar  pits  on  the 
lower  side  of  the  leaf  of  Conocarpus  eredus^  L. ;  these  are,  however,  without 
glandular  hairs,  as  they  are  replaced  by  the  cells  of  the  wall,  which  exude  a 
secretion  ;  in  this  case  the  pits  occur  only  in  the  angles  between  the  principal 
vein  and  the  larger  lateral  veins. 

In  connexion  with  the  glandular  hairs,  mention  may  be  made  of 
the  relatively  large  petiolar  glands,  recognizable  even  with  the  naked 
eye,  and  described  by  Bentham  and  Hooker  as  occurring  in  species 
of  Terminatia^  Conocarpus^  Anopeissus  and  Laguncularia.  In  Laguncularia 
racrmosa^  according  to  Hdhnel  (Bot.  Zeit.,  1882)  they  contain  a  small-celled 
glandular  tissue. 

In  the  leaf  oxmlmte  of  lime  occurs  almost  exclusively  in  the  form  of 
clastered  crystals.  Transitions  to  solitary  crystals  were  met  with  by  Heiden 
in  Combretum  pilosum^  Roxb.  only,  true  solitary  crystals  (together  with  clustered 
crystals)  in  Terminalia  citrina,  Roxb.  Other  forms  of  excretion  of  oxalate 
of  lime  are  wanting.  In  the  leaf  the  clustered  crystals  occur  both  in  the  meso- 
phyll  and  accompanying  the  vascular  bundles  of  the  veins.  Those  of  the 
palisade-tissue  are  frequently  of  considerable  size,  and  are  contained  in  corre- 
s|X)ndingly  large  idioblasts,  which  often  penetrate  deep  into  the  spongy  paren- 
chyma, and  in  some  cases  traverse  the  entire  mesophyll.  Large  idioblasts 
of  this  kind,  bearing  clustered  crystals,  are  found  in  species  of  Terminalia^ 
Conocarpus^  Anogeissus^  Guiera,  Macropterantkes^  Laguncularia^  Combretum^ 
Tkiloa  and  Qmsqualis^  and,  when  the  thickness  of  the  leaf  is  not  too  great, 
eive  rise  to  well-marked  transparent  dots  (see  Bokomy  and  Heiden,  loc.  cit.). 
Regarding  the  size  of  the  clustered  crystals,  we  may  add  that  their  diameter 
occasionally  reaches  .13  mm.  ;  and,  with  respect  to  their  form,  that  they 
are  either  differentiated  in  the  shape  of  a  regular  star,  or,  owing  to  stronger 
development  of  one  or  more  of  the  individual  crystals,  a  star  with  unequal  rays. 

Of  internal  secretoiy  orgmns  the  secretory  cavities,  which  are  elongated 
after  the  manner  of  canals,  and  are  fiUed  with  mucilaginous  contents,  alooe 
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require  special  mention ;  they  occur  in  Terminalia  Arjuna,  Bedd.,  T.  atom- 
lata.  Roth.,  T,  pMucida  Presl.,  and  T.  iometUosa^  W.  et  A.»  above  the  xj^m 
of  the  veins,  and  thence  occasionally  penetrate  into  the  mesoidiyU.  They 
have  a  distinct  epitheUum,  and  a  fairly  large  diameter  (reachiK  -175  mm.). 
Fatty  bodies  also  are  further  frequently  met  with  in  the  assimuatory  tissue 
(Radlkofer). 

3.  Structure  of  the  Axis.  The  structure  of  the  cortex  has  been  in- 
vestigated by  Holtermann,  Brandis,  and  especially  by  Heiden  in  exteosioQ 
of  the  earlier  statements  of  J.  MoUer. 

The  formation  of  cork  is  either  superficial  or  internal.  Superficial  devdop* 
ment  of  cork  is  found  in  a  certain  number  of  the  species  of  TermimUia  and 
in  the  investigated  species  of  Lumniixera  and  Laguncularia^  where  the 
subepidermal  cell-layer  becomes  the  phellogen,  as  weU  as  in  Macropiermnikn^ 
where  the  second  or  third  cell-layer  of  the  primary  cortex  from  tne  ootside 
produces  the  cork  ;  internal  cork-formation,  on  the  other  hand,  occurs  in 
another  series  of  S()ecies  of  Terminalia,  and  in  the  investigated  specks 
of  Calycopteris,  Canocarpus,  Ramaluella,  Anogeissus,  Guiera^  Combnium^ 
Thiloa,  Cacoucia  and  Quisqualis,  In  the  last-named  genera  the  friieUwen 
nearly  always  arises  immediately  on  the  inner  side  of  the  pericydic  bundles 
of  sclerenchyma-fibres,  in  the  outermost  part  of  the  often  broad  parenchy- 
matous pericycle.  In  Ramatuella,  in  which  the  pericydic  groups  of  fibies 
are  wanting,  the  cork  appears  to  be  developed  in  the  middle  of  the  primary 
cortex,  unless  the  parenchyma,  occurring  on  the  inner  side  of  the  cork, 
and  having  the  appearance  of  ground-tissue,  is  to  be  regarded  as  a  parenchy- 
matous pericycle.  The  cork-cells  mostly  have  wide  lumina  and  thin  waOs; 
sometimes,  however,  cells  sclerosed  on  one  side,  or  stone-cells  are  also  present 
in  the  cork.  In  Quisqualis  the  cork-cells  are  strongly  doncated  in  the  radial 
direction  ;  according  to  Heiden,  the  radial  elongation  in  this  case  only  takes 
place  sul^equently,  after  the  cells  derived  from  the  phellogen  have  already 
been  suberized. 

There  is  little  to  be  said  respecting  the  primary  cortex.  Stone-ceOs  only 
occasionaUy  occur  in  it,  but  clustered  crystals  are  frequently  found,  while 
solitary  crystals  have  only  been  observed  by  Holtermann  in  Combrdum  iecmn- 
drum,  Roxb.  and  C.  exUnsum,  Roxb.  The  pericycle  ordinarily  shows  sderen- 
chymatous  development  in  its  outer  part  in  the  form  of  isolated  groups  of 
sclerenchyma-fibres.    The  latter  are  commonly  adjoined  intemaUy  by  a  broad 

?arenchymatous  ring  of  pericycle.  In  Terminalia  dichotoma^  E.  Ifey.  and 
\  Tanibouca,  Sm.,  the  walls  of  the  pericycUc  sclerenchyma-fibres  may  ultimatdy 
undergo  solution  (Heiden).  In  Ramaluella,  as  has  been  mentioned  above,  the 
pericydic  groups  of  sclerenchyma  are  wanting. 

In  many  members  of  the  Order  the  secondary  bast  contains  small  islands 
or  bands  of  secondary  hard  bast.  A  very  characteristic  feature  of  the  secondary 
bast  is  the  presence  of  chambered  crystal-fibres,  which  have  thdr  chambers 
occupied  by  small  clustered  crystals,  and  are  arranged  in  taneential  bands  in 
the  transverse  section  of  the  branch  (in  S()ecies  of  Terminalia^  Canocmrpus^ 
Anogeissus,  Lumniizera,  Laguncularia,  Cambretum,  Thiloa,  Quisqualisy  The 
crystal-sclerenchyma  of  Macropteranthes  constitutes  an  isolated  feature.  In  thb 
genus  groups  of  stone-cells  occur  in  the  pericycle  or  in  the  bast  as  well ;  the 
cell-walls  of  the  stone-cells  are  only  in  some  cases  slightly  thickened,  while  the 
lumen  of  these  elements  is  filled  by  a  soUtary  crystal. 

Intraxylary  phloem  has  been  demonstrated  by  various  observers  (Hfihnel, 
Petersen,  Solereder,  Holtermann,  Heiden)  in  numerous  spedes  of  the  genera 
Terminalia,  Calycopteris,  Conocarpus,  Ramaiuella,  Anogeissus^  Gmerm^  Com- 
breium,  Tkiloa,  Cacouda  and  Quisqualis,  and  also  in  the  recently  established 
genus  Pteleapsis  (P.  variifolia,  Engl.).    It  is  wanting  in  Macropieramihes  only 


COMBRETACEAE  349 

(Heiden).  In  Laguncularia  and  Lummixera  *  it  is  easily  overiooked,  as  it  is 
only  present  in  the  form  of  few-celled  groups  of  tissue  at  the  periphery  of  the 
pith.  The  intraxjiary  phloem  either  forms  a  ring  or  separate  strands  of  tissue 
at  the  outer  margin  of  the  pith.  After  renewed  investigation  I  am  unable 
to  confirm  Holtermann's  statement,  that  small  groups  of  soft  bast  occur 
scattered  in  the  pith  of  Conocarpus  erecius,  L.  In  some  cases  the  development 
of  the  inner  soft  bast  is  quite  considerable,  and  is  then  increased  by  the 
activity  of  a  cambial  zone,  Iving  between  the  wood  and  the  inner  soft  bast ; 
under  these  circumstances  the  portions  of  phloem  directed  towards  the  pith 
are  often  compressed  like  horn-bast.  Finally,  it  remains  to  be  mentioned 
that  the  soft  bast  is  occasionally  strengthened  at  its  inner  margin  by  sderenchy- 
matous  cells. 

The  i»lth  for  the  most  part  consists  of  lignified  and  fairly  thick-walled 
cells,  more  rarely  of  unlignified,  thin-walled  cells.  Groups  of  stone-oells 
occur  in  considerable  numbers  in  the  pith,  e.  g.  of  Calycapttris ;  in  Terminalia 
fagifolia^  Mart.,  almost  the  whole  of  the  pith  consists  of  stone-cells.  In  some 
species  of  Con^eUmi  (C.  acuminatum^  Roxb.,  C.  coUinum^  Fits.,  C,  exiensum^ 
Roxb.,  C.  squamosum^  Roxb.),  prosenchymatous  or  parenchymatous  scleren- 
chyma-cells,  elongated  in  the  vertical  (Urection,  are  met  with  in  the  pith  ; 
their  relatively  wide  lumina  are  filled  with  a  white  substance,  the  nature 
of  which  is  not  known  (not  silica).  Secretory  canals,  fiUed  with  mucilage, 
are  present  in  the  medullary  sheath  of  some  species  of  Terminalia  (7.  Arjuna^ 
Bedd.,  T.  BeUenca,  Roxb.,  7.  Catappa.  L.,  7.  crenulata.  Roth.,  7.  paniculata^ 
Roth.,  7.  procera,  Roxb.,  7.  tomentosa,  W.  et  A.).  As  Hdhnel  was  the  first 
to  show,  the  development  of  these  canals  is  schizogenous. 

The  structure  of  the  wood  has  been  investigated  by  J.  MdUer,  Solereder, 
Heiden  and  Holtermann.  The  medullary  rays  are  mostly  narrow,  being 
broader  in  the  twining  species  only  (5-seriate  in  Quisqualis^  according  to 
Holtermann).  Tier-like  differentiation  of  the  medullary  rays  has  been  ob- 
served by  Hdhnel  in  the  wood  of  the  stem  of  a  Combretaceous  plant  described 
as  '  Conocarpus  erecta  ?  '  In  a  transverse  section  the  vesseb  are  isolated, 
or  a  few  of  tnem  are  grouped  together  in  a  radial  direction  ;  in  certain  species 
the  lumen  of  the  vessels  is  very  small,  but  in  the  lianes  very  wide.  The  per- 
forations are  simple,  and,  in  the  vessels  with  wide  lumina,  occur  on  horizontal 
division-walls,  which  arc  resorbed  so  as  to  leave  only  a  narrow  annular  ridge. 
The  walls  of  the  vessels  are  provided  with  bordered  pits,  even  where  they  are 
in  contact  with  the  parenchvma  of  the  medullary  rays ;  Holtermann,  how- 
ever, mentions  having  also  observed  simple  pitting  (?)  on  these  areas.  Spiral 
thickening  of  the  walls  of  the  pitted  vessels  has  not  been  demonstrated  any- 
where. The  bordered  pits  on  the  walls  of  the  vessek  are  characterized  by 
the  sieve-like  structure  of  the  pit-membrane,  first  observed  by  Bengt  15nsson. 
The  wood-prosenchyma,  which  is  variously  differentiated  as  regar£  thickness 
of  walls  and  size  of  lumina,  bears  simple  pits,  or  the  pits  are  at  the  most  only 
provided  with  a  very  narrow  and  indistinct  border.  According  to  Holtermann, 
an  exception  is  afforded  by  Combretum  decandrum^  Roxb.,  in  which  the  ground- 
work of  the  wood  is  stated  to  consist  of  fibrous  tracheides.  The  simple-pitted 
prosenchyma  is  sometimes  septate  by  means  of  a  few  deUcate  division-walls 
(species  of  Anogeissus^  Combretum^  Cacoucia^  Quisqualis^  Guiera^  Conocarpus^ 
Terminalia  and  CalycopUris\  and  in  such  cases  occasionally  contains  solitary 
crystals  (species  of  Combretum  and  Terminalia).  The  wood-parenchyma  is 
usually  restricted  to  the  neighbourhood  of  the  vessels ;  more  rarely  (Terminalia 
Bellerica^  Roxb.)  it  traverses  the  wood-prosenchyma  in  the  form  of  tangential 
bands.     In  some  species  of  Terminalia  chambered  crystal-parenchyma  has 

*  HoltcmMui  WAS  able  to  dcmooitrate  internal  toft  bast  in  alcobol-material  of  /mmmitgrm. 
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been  observed.    Unlignified  wood-parenchyma  has  been  met   with   in  the 
twining  plant  Quisqualis  indica,  L.  (Witte). 

To  conclude  the  description  of  the  structure  of  the  wood*  the  occur- 
rence of  secretory  spaces  in  the  xylem,  and  of  interxylary  phloem  remaio 
to  be  coasidered.  The  secretory  spaces,  which  Heiden  met  with  in  relatively 
thick  portions  of  the  branches  of  Terminalia  BeUerica^  Roxb.  and  T.  macro- 
pUra,  Mart.,  have  yellowish  contents,  giving  a  mucilage-reaction,  and 
apparently  the  result  of  disorganization  of  woody  tissue.  Interxylary  phloem 
is  present  in  a  certain  number  of  the  African  species  of  Combretum,  in  Caly- 
copteris,  Guiera  and  Thiloa.  The  islands  of  soft  bast  in  the  wood  are  relatively 
large,  and  are  arranged  in  concentric  circles.  They  include  no  bast-fibresi. 
but  frequently  contain  numerous  clustered  crystals.  With  regard  to  their 
origin,  they  are  given  off  externally  by  the  cambium  in  Guiera  (according  to 
Chodat),  and  Calycapteris  (according  to  Heiden),  i.  e.  as  in  Sirychnos  ;  on  the 
other  hand,  in  the  plant  described  by  Holtermann  as  Combreium  saiicifatium. 
E.  Mey.',  they  are  produced  internally  by  the  cambium. 

InterxyUuy  phloem  has  already  been  described  in  my  '  Holxstniktar  '  in  the 
three  genera  (falycopteris  (C.  Aorihunda^  Lam.),  Guiera  (G.  senegaUnsis^  Lam.)  and 
Thiloa  (T.  glaucocarpa,  EichL,  T.  graciiis,  EichL  and  T.  stigmaria^  EichL).  To 
these  we  must  add,  according  to  Holtermann,  the  South  African  Catmbr&itim  sahct- 
folium  already  mentioned;  but  not,  as  H.  Schenck  states,  some  'Indian  species  of 
Combretum,'  the  names  of  which  are  not  given.  Holtermann's  statement  induced 
me  to  investigate  the  species  of  Combretum  present  in  the  Herbar.  Monac  at  the 
time,  with  regard  to  the  occurrence  or  absence  of  interxylary  phloem.  The  resuh 
was  the  demonstration  of  its  occurrence  in  a  certain  number  ol  the  African  species. 
namely,  in  Coftibretum  erythrophyllum,  Sond.,  C.  Harimumniamwm^  SchwcinL,  C. 
Kraussii,  Hochst.,  C.  lepidotum.  Rich.,  C.  Nyikae,  EngL,  C.  Rueppellianutm^  Rich., 
C.  salicifolium^  E.  Mey.,  C.  ScheUi,  EngL,  C.  tenuisptcaium^  EngL,  C.  irickamtkutm, 
Fres.  It  still  remains  to  be  determined  whether  these  species  form  definite  gronps 
of  affinity,  or  whether  interxylary  phloem  appears  in  the  other  species,  but  only  m 
the  later  growth  of  the  wood. 

Literature :  Moller,  Holzanat.,  Denkichr.  Wiener  Akad.  1876.  pp.  101,  103  ud  398. — If  oiler. 
Klndcna&mt.,  1883,  pp.  335-^~H6hneU  BoC  Zeit.  i88a,  op.  177-82.— Bokomy,  Floca  iSSa. 
p.  411,  and  separate  copy,  p.  45.>-Petcrsen,  in  Engler,  Bot.  Jahrb.,  Bd.  iii,  188a,  pp.  370^  371— 
Hbhnel.  Stockwerkart.  Holzk.,  Sitz.-Ber.  Wiener  Akad.,  Bd.  Izzxix,  Abt.  I.  1884.  p.  39.— 
Solereder,  Holzstr.,  1885.  pp.  131-9.— O.  Bachmann,  Flora  1886,  leparate  copy.  pp.  3S,  39.— 
Morini,  Nettarii  estranox.,  Mem.  Accad.  Bologna  1886,  p.  3^1  and  Uv.  i.— Wittc,  Holt  cfaif^r 
Liancn,  Diit.,  Frcibart;  in  Br.  and  Kiel,  1886,  pp.  10-13.— Kadlkofer,  Sitx.-Ber.  Ifiiaeb.  Aknd. 
1890,  pp.  134,  1 35. —Schimper,  Indo-malay.  Straadfi.,  Jena,  1891,  p.  17  and  Tab.  iv.^^Ihodat, 
Arch,  sc  pbys.  et  nat.  Geneve,  3*  per.,  t.  ZKTiii  and  xxiz,  1893-3,  separate  copy.  p.  57,  and  In  Am 
del  Congresso  bot.  intemaz.  di  GcnoTa,  1893,  p.  153.— H.  Schenck,  AnaL  d.  lianen,  1S93,  p.  156 
(see  also  Laftw.  von  Laguncularia  etc.,  Flora  1893,  pp.  83-8;. — Heiden,  Anat.  Charakt.  d.  Coabr., 
Disa.,  Krlaogcn,  1893.  separate  copy  irom  Bot  Coitralbl.  1893,  iii  and  iv,  n.  38-47,61  pp.  and  1  Tab. 
— lloltennann,  Anat.  d.  C,  Diss.,  Bonn.  1893,  47  pp.  and  i  Tab.  (leparate  copr  from  ChritfiaBU 
Videnik.-bcl&k.  Forfa.  for  1893,  n.  13 1.— Brandts,  in  Natiirl.  Pflanzcnfam.,  iii.  Tdt,  Abt  7,  1893, 
pp.  108,  109.— Warming,  Halofyt  Stad.,  K.  Danike  Vid.  Selsk.  Skr.  1897,  P-  19^* 

MYRTACEAE. 

I.  Review  of  the  Anatomical  Features.  The  Order  of  the  Myrtaceae, 
in  the  sense  of  Bentham  and  Hooker,  Gen.  plant.,  does  not  constitute  a 
single  group  of  affinity  either  as  regards  anatomical  or  exomorphic  charac- 
ters. The  Order  must  be  divided  into  two  sections,  which  may  either  be 
called   Suborders  or   Orders ;    the   latter  course  has  been  adopted    in   the 

'  I  am  inclined  to  doubt  the  correct  determination  of  this  plant,  as  Holtermann  dcicfibct  an«i 
figures  Klercnchyma-fibrrs  ninninf;  irregularly  in  the  mesophyll.  ami  these  do  not  occur  in  C. 
laluifolimm,  1-..  Me>*.  llie  true  C.  iaJici/oiium,  K.  .Mey.,  however,  also  posiessei  interxylary  tot! 
bast. 
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'  Natiirliche  Pflanzenfamilien.'  The  first  section  includes  the  three  tribes 
Chamaelaucieae,  Leptospermeae  and  Myrteae,  and  will,  in  the  following 
description,  be  comprised  under  the  name  *  Myrtaceae  sensu  strictiore ' ;  the 
secona  section  consists  of  the  genera  of  the  three  other  tribes — the  Lecy- 
thideae,  Barringtonieae,  and  Napoleoneae  (or  Belvisieae),  and  will  be  de- 
signated by  the  name  Lecythidaceae. 

The  Myrtaceae  sens.  str.  are  characterized  by  the  occurrence  of  schizo- 
genous  secretory  cavities,  which  very  frequently  cause  a  transparent  dotting 
of  the  leaves ;  by  the  possession  of  mtraxylary  phloem ;  and  by  the  bordered 
pitting  of  the  wood-prosenchyma.  In  the  Lecythidaceae,  on  the  other  hand, 
the  secretory  cavities  are  wanting,  as  is  also  the  intraxylary  phloem  ;  the  wood- 
prosenchyma  bears  simple  pits  ;  a  special  character  of  the  Lecythidaceae 
consists  m  the  occurrence  of  cortical  vascular  bundles.  With  regard  to  the 
cortical  bundles  of  the  Lecythidaceae,  it  may  be  added  that  the  three  tribes 
may  be  distinguished  by  the  fact  that  these  bundles  are  inversely  orientated 
(i.  e.  with  bast  inwards  and  wood  outwards)  in  the  Barringtonieae,  normally 
orientated  (i.e.  with  bast  outwards  and  wood  inwards)  in  the  Lecythideae 
and  Napoleoneae,  and  that  the  number  of  the  cortical  bundles  amounts  to 
four  in  tne  Napoleoneae,  to  more  than  eight  in  the  Lecythideae. 

Apart  from  these  important  characters,  which  enable  us  at  once  to 
distinguish  the  Myrtaceae  sens.  str.  from  the  Lecythidaceae,  some  other 
anatomical  features  are  conmion  to  both  sections.  All  the  Myrtaceae 
have  narrow  medullary  rays  in  the  wood.  The  abundance  of  tannin  in 
all  the  Myrtaceae  is  noteworthy.  Oxalate  of  Ume  is  excreted  only  in  the 
form  of  ordinary  solitary  or  clustered  crystals.  The  hairy  covering  is  of 
a  simple  type,  and  consists  almost  solely  of  unicellular  or  uniseriate  cloth- 
ing hairs ;  glandular  hairs  are  extremely  rare ;  semi-malpighian  or  mal- 
pighian  unicellular  trichomes  have  been  observed  in  Myrcia  and  Calyptranihes. 
A  characteristic  type  of  stoma  is  common  neither  to  the  Myrtaceae  in  general 
nor  to  the  members  of  either  of  the  two  subdivisions ;  for  the  stomata  are 
either  surrounded  in  an  irregular  manner  by  three  or  more  epidermal  cells  of  no 
distinctive  shape,  or  are  accompanied  by  subsidiary  cells,  which  are  parallel  to 
the  pore;  and  these  features  vary  from  genus  to  genus.  The  same  holds  good 
for  the  origin  of  the  cork ;  this  tissue  is  either  developed  subepidermally  or 
at  a  varying  depth  in  the  primary  cortex,  or  in  the  pericycle  immediately 
internal  to  the  primary  hard  bast.  The  perforations  of  the  vessels  are  either 
simple  or  scalariform.  Stratification  of  the  bast  into  hard  and  soft  zones  is 
very  widely  distributed  in  the  Order.  It  is  only  wanting  in  the  genera  of  the 
Chamaelaucieae. 

Special  anatomical  characters,  which  are  of  importance  only  for  detailed 
diagnosis,  are  as  follows :  papillose  differentiation  of  the  lower  epidermis  of 
the  leaf  (species  of  Melaleuca,  Couratari,  Lecythis) ;  occurrence  of  hypoderm 
on  the  upper  side  of  the  leaf  (species  of  Psidium  and  Meirosideros) ;  occurrence 
of  an  excretion  of  wax  on  the  surface  of  the  vegetative  organs  (Eucalyttns) ; 
cork-warts  on  the  lower  side  of  the  leaf  (Acmena,  Eucalyptus) ;  sclerenchyma- 
fibres  running  irregularly  in  the  mcsophyll  {Jambosa  vulgaris,  DC.,  AsUranihos 
brasiliensis,  Uesf.) ;  gum-canals  in  the  pith  (certain  sfMxies  of  BerthoUetia, 
Couf atari,  Lecythis), 

Finally,  the  '  genera  anomala '  appended  to  the  tribe  Napoleoneae  (Belvisieae) 
in  DurancTs  Index  may  now  he  bheily  considered.  Only  a  few  of  these  have 
been  anatomically  investigated.  In  Foetidia  the  secretory  cavities  and  the 
intraxviarv  phloem  are  wanting ;  on  the  other  hand,  cortical  vascular  bundles 
occur,  and  to€i%dia  must  therefore  be  included  amongst  the  Lecythidaceae.  to 
which  recent  systematists  have  also  referred  it.  Costantin  and  Dufour  state  that 
in  the  structure  of  its  bnuiches  the  genus  Catostemma  agrees  neither  with  the 
Lecythideae  nor  with  the  Temstroemiaceae.     According  to  the  same  authors,  the 
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anomalous  genus  Cupheantkus  has  no  secretory  cavities  bnt  jpoeseSMS  intnucyfaiv 
soft  bast  The  genus  Fropiera,  in  which  secretory  cavities  wul  pfobably  be  fouiML 
as  suggested  by  the  statement  '  fotia  pdluddo-punctata,'  as  wdl  as  the  remainiiii 
anomalous  genera,  may  be  recommended  for  anatomical  investigatioii ;  the  anatomical 
method  will  certainly  be  able  to  throw  light  on  their  affinities.  The  gams  Picfcrsu 
is  likewise  worthy  of  more  detailed  anatomical  investi^tion ;  it  is  genenDr 
referred  to  the  Lecythidaceae  (Barringtonieae),  but,  according  to  Niedensn,  oortxal 
vascular  bundles  are  wanting ;  secretoiy  cavities,  however,  probably  oocur  ('  fohi 
pellucido-punctata  ! '  according  to  Bentham  and  Hooker). 

A.    Myrtaceae  sens.  STR. 

(Tribes  Chamaelaudeae,  Leptospermeae,  Hyrteae.) 

2  A.  Structure  of  the  Leaf  \  In  the  Myrtaceae  sens.  str.  the  meso- 
phyll  very  frequently  has  centric  structure,  e.  g.  in  the  vertically  placed  leaves 
of  CaUisUmon  linearis^  and  in  the  cylindrical  leaves  of  Cahtkamnms.  In  the 
last-named  genus,  aqueous  tissue  occupies  the  middle  of  the  leaf.  Bifacial 
leaf -structure  occurs,  e.g.  in  Acmena  flaribunda,  Eucalyphis  gUMus^  E.  pilu- 
laris  and  £.  gamphocephala\  these  species  have  both  vertical  and  horixontal 
leaves,  which  mostly  differ  from  one  another  in  their  form,  and  also  exhibit 
dimorphism  in  the  structure  of  the  leaf,  the  vertically  placed  leaves  bctng 
centric  in  structure,  the  horizontal  leaves  bifacial.  It  is»  however,  not  in- 
tended to  imply  that  in  Eucalyptus  centric  structure  is  invariably  connected 
with  vertical  position  of  the  leaves.  The  horizontal  and  vertical  leaves  of 
two  species,  described  by  Leclerc  du  Sablon  as  E.  jugalis  and  £.  falUx,  axe 
equally  centric  in  structure.  The  atomata  are  either  accompanied  by  no 
special  subsidiary  cells  or  by  two  such  cells  parallel  to  the  pore  {MyrcU), 
It  goes  without  saying  that  in  leaves  with  centric  structure  the  stomata 
are  found  on  both  sides.  In  certain  species  of  EucoMtus  (E.  globulus 
and  E.  pulverulenta)  the  outer  Mrall  of  the  epidermia  is  provioed  with  a  coating 
of  wax ;  the  latter  consists  of  an  aggregate  of  small  rod-like  partides.  In 
some  cases  hypodenn  occurs  beneath  the  upper  epidermis  of  the  leaf ;  e.  g. 
according  to  Bokomy  in  Psidium  Araca^  F^di  and  P.  incanesuns^  Mart^ 
and  according  to  Diels  in  Afeirosideros  robusia^  A.  Cunn.  and  il#.  iomemiosM^ 
A.  Cunn.  Melaleuca  hypericifolia  shows  papillose  differentiation  of  the 
lower  epidermis  of  the  leaf.  In  Jambosa  vulgaris  sderenchyma-fibres,  having 
an  irregular  course,  are  present  in  the  mesophyll.  The  hairy  coveriof  oi 
the  Myrtaceae  sens.  str.  usuaUy  consists  of  simple  unicellular  hairs  ;  oniceUular 
one-armed  hairs  have  been  met  with  in  Myrcia  rosirata^  DC.,  nnirrllnlar  two- 
armed  hairs  with  unequal  arms  in  M.  iiambtnsis.  Berg,  unicdlular  two-armed 
hairs  with  arms  of  equal  length  in  Calyptrafiikes  mulabilis^  Berg ;  glandular 
hairs  are  wanting.  Cork-warts,  resembling  lenticels,  have  been  observed  oo 
the  leaves  of  Eucalyptus  calophylla,  £.  globulus^  E.  Gunniu  E.  megacarpa, 
E.  obliqua  and  E.  sidcrophloia,  as  well  as  in  Acmena  fhribunda. 

Oxalate  of  lime  occurs  only  in  the  form  of  clustered  and  ordinary  soUtary 
crystals.    The  mesophyll  is  characterized  by  the  abundance  of  tannin. 

The  secretory  cavities  form  the  most  characteristic  anatomical  feature. 
They  occur  not  only  in  the  leaf,  but  also  in  the  ground- tissue  of  the  axis.  In 
the  leaf  they  very  frequently  give  rise  to  transparent  dots.    The  secretory 


*  The  followiDf;  iUtemenu  as  to  the  ttrvctiire  of  the  leaf  and  axii  of  the  Myrtaceae  tcm.  itr.  an 
essentially  bated  on  lignier's  treatise  in  the  Arch.  hot.  dn  Nord  de  la  France.  Nomerovi  tpccin  of 
the  f^TA  Darwima,  VtrtifonUa^  C hamaiioMcimm ,  fiaukta,  I  tptosfermum^  CmUitiemm^  MtU- 
kuta^  Cahtkamnus,  Emafypius,  Tristania,  Metrosidtrpi^  Ptidium^  Myrtus,  Jfyrrit^mad  £mym$m 
(scnsn  Dorand)  were  inrcMigated  by  Lignier. 
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cavities  in  question  are  present  in  all  Myrtaceae  sens,  str.,  as  may  be  con- 
cluded from  the  statements  in  the  literature.  In  a  very  large  number  of 
the  genera  anatomical  proof  of  the  occurrence  of  secretory  cavities  has  been 
obtained,  especiaUy  through  the  investigations  of  Bokomy ' ;  in  the  remain- 
ing  genera  the  presence  of  secretory  cavities  may  be  inferred,  since  pellucid 
dots  are  described  by  systematists  as  occurring  in  their  leaves.  The  secretory 
cavities  are  schizogenous  in  origin,  as  Frank,  Hohnel,  Bokomy,  Van  Tieghem, 
and  Leblois  have  shown,  contrary  to  the  statements  of  Martinet  and  Chatin. 
In  correspondence  with  their  mode  of  origin  they  are  Hned  with  a  distinct 
epithelium.  From  the  most  recent  developmental  investigation  of  these 
cavities  by  Lutx,  which  likewise  confirms  their  schizogenous  origin,  one  gathers 
that  in  the  leaf  they  are  almost  always  developed  at  a  very  early  stage  by 
division  of  one  or  of  two  epidermal  cells ;  further,  that  the  secretion  is  not 
formed  in  the  lumen  of  the  epithelial  cells,  but  in  that  wall  of  the  secreting 
cells  (*  resinogenous  layer  '),  which  is  arched  outwards  towards  the  secretory 
space ;  and  lastly,  that  the  epithelial  cells  are  obUterated  at  an  eariy  stage, 
i.  e.  become  compressed  and  often  suberized.  In  the  mature  leaf  the  secretory 
cavities  occur  beneath  the  epidermis,  usually  on  both  sides  of  the  leaf.    The 


Fig.  77-    a,  ■.  S»cretory  cavity  in  u  cMcrtmo.  of  the  \iaS  ^  Bmmhftm  cArMdrw.— After  Ugaler. 

axifti  alwavs  contains  these  cavities  in  the  primary  cortex,  rarely  (Trisiania 
macrophyua)  in  the  pith '  also.  The  species  Eucalyptus  citnodora^  which 
b  characterized  by  possessing  leaves  of  two  different  forms,  is  specially  note- 
worthy, owing  to  the  fact  that  in  the  long  narrow  leaves  and  in  the  branch 
the  secretory  cavities  are  enclosed  in  hair-like  emergences  of  cyUndrical  shape, 
rounded  at  the  end,  and  of  epidermal  origin  (Fig.  77,  A-B).  In  the  root  the 
secretory  cavities  are  wanting  (Van  Tieghem).  The  contents  of  the  cavities 
are  almost  always  of  an  oily  nature.  According  to  Lutz,  Trisiania  laurina 
alone  forms  an  exception  in  this  respect ;  in  this  species  the  secretory  cavities, 
which  are  also  provided  with  a  distinct  epitheUum,  though  they  are  not  derived 
solely  from  the  epidermis,  contain  a  mucilaginous  substance. 


*  Bokorny*t  meftrchei  extend  to  naroeroiu  speciei  of  the  following  gcncn:   Tribe  Chamae- 

TkfyfUmunt\  Tribe  LepCospenneme :  Btutkta^  Asiartta,  /fypoeafymna,  Agmis^  LtpUsptrmmm^ 
Ajmum,  CtUiisiemcm^  MelaUma,  Htam/ortia^  Rtf^tHa^  CaUtkamnm^  Eremoia^  At^ppfA^rm,  Emm- 
Mmt,  Trisimmia,  Metrosidercj ;  Tribe  Mjrrtese :  dtrnpotmamtia,  PsitHum,  Pndiap$is,  Kksd^myrtms, 
JIfyrftu,  Kk^dammiA,  lUtaspermmm,  Myrcia^  Marlieria^  Calyptramihts,  Pimtnia,  Eummia^  Caly* 
ftrtUs.    The  generm  in  this  enumermtioo  are  limited  in  the  tame  way  as  in  Dnrand't  Indei. 

*  The  improbable  statement  of  Moller's  (Rindenanatomie,  pp.  3^4  and  547)  as  to  the  oecormoe 
ol  rcni-apaoes  in  the  secondary  bast  in  Kmafypius  vimimaiis,  LaUll.  and  R,  Simmrtimma^  F.  ▼.  MOIL 

re-€xaminatioo.    Acoording  to  Moller  *  spherical    -la  mm.  diaai.\  appafcntly  Ijfiifuow 
I '  occv  in  the  fint-named  species. 
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With  regard  to  the  structure  of  the  petiole,  it  may  be  remarked  that 
according  to  Lignier,  in  the  Myrtaceae  sens.  str.  a  single  vascular  straa! 
passes  into  the  petiole  from  the  axis.  In  its  further  course  the  vascular  systCB 
of  the  petiole,  as  seen  in  transverse  section,  either  exhibits  only  one  aicoc 
vascular  bundles  or,  in  addition  to  this,  two  further  groups  of  bundles  sitnattd 
opposite  the  arc,  and  symmetrically  arranged.  The  vascular  bundles  of  the 
petiole,  like  those  of  the  axis,  are  bicollateral  in  structure. 

3  A.    Structure  of  the  Axis.     We  have  already  pointed    out  the 

Sresence  of  vascular  bundles  with  bicollateral  structure  as  characteriaiDg  the 
[yrtaceae  in  the  narrower  sense.  It  is  true  that  so  far  only  a  small  fractioe 
of  the  Myrtaceous  genera  *  has  been  examined  by  the  various  authors  (De 
Bary,  Petersen,  Costatin  and  Dufour,  Solereder,  lignier),  with  respect  to  the 
feature  in  question.  Yet  in  accordance  with  the  experience  gained  in  the 
detailed  investigation  of  other  Orders  which  are  likewise  characterised 
by  intraxylary  phloem,  one  may  assume  that  the  anatomical  character  ia 
question  belongs  quite  generally  to  the  Myrtaceae  sens.  str.  The  intraxylanr 
phloem  is  often  supported  by  groups  of  bast-fibres  ;  occasionaUy  it  also  under- 

foes  secondary  growth  in  thickness  (e.g.  in  Eugenia  Michdii,  according  to 
Petersen). 

Regarding  the  anatomy  of  the  wood,  the  following  account  is  based  on  the 
statements  in  my '  Holzstruktur,'  and  in  Lignier's  treatise.  The  Myrtaceae  have 
vessels  with  relatively  small  lumina,  which  have  either  simple  or  exdusivdy 
scalariform  (Eugenia  apiculata^  DC.,  according  to  Reiche)  perforations.  The 
vessel-walls,  even  where  they  are  in  contact  with  paienchjrma,  usually  bear 
bordered  pits  ;  at  these  places  transitions  to  simple  pitting  have  been  observed 
in  Eucalyptus  Globulus^  Labill.  The  medullary  rays  of  the  wood  are  nanov, 
1-3-seriate.  Wood-parenchyma  is  often  only  present  in  a  very  subordinate 
amount,  but  in  Myrtus  communis^  L.  and  Calycoipus  Goelheanus,  Berg,  for 
example,  more  abundant  wood-parenchyma  has  been  met  with.  The  wood- 
prosench3rma  mostly  has  thick  walls,  and  in  the  species  investigated  by  me 
(belonging  to  the  genera  Chamaelaucium^  Calythrix^  Leptospermum^  Eucalyptm^ 
Calycoipus^  Myrtus)  bears  bordered  pits.  The  pit-borders  are,  however,  occa- 
sionally rather  small,  and  the  bordered  pits  are  often  few  in  number. 

With  regard  to  the  structural  features  of  the  cortex,  it  may  in  the  first 
place  be  pointed  out  that  the  place  of  origin  of  the  cork  in  the  Myrtaceae  sens, 
str.  is  variable.  The  investigations  undertaken  up  to  the  present  time;  bow- 
ever,  lead  to  the  conclusion  that  this  feature  is  ot  value  for  the  diagnosis  of 
genera  or  sub-genera.  In  some  of  the  species  (in  Syxygiumjambolanwm^  Jam- 
bosa  densiflora,  f,  Korthalsiu  and  /.  vulgaris,  according  to  Lignier),  the  oori^ 
arises  subepidermally.  In  other  species  {EucalyMus  rostrata^  E.  robusim^  Calo- 
thamnus  quadrifidus,  species  of  Callistemon,  Melaleuca  ericifoiia,  M.  Preissiana, 
and  M.  uncinata,  according  to  Lignier,  and  Eugenia  australis^  Wendl.,  according 
to  Moller),  a  more  or  less  deeply  situated  layer  of  the  primary  cortical  paren- 
chyma becomes  the  phellogen.  In  a  third  case  the  first  cork-layer  arises  in 
the  pericycle ;  the  cell-layer  immediately  internal  to  the  primary  hard  bast 
becomes  the  cork-cambium.  This  type  includes  the  following  species,  accord- 
ing to  Lignier  :  Leptospermum  flexuosum,  L.  marginatum^  Melaleuca  siypke- 
lioides,  M.  hyperici folia,  Fabricia  laevigata,  Eugenia^  Myrtus^  and  Psidtum^ 
as  well  as  the  genera  Darwinia,  Chamaelaucium,  and  Verticoriia^  belonging 
to  the  Chamaelaucicae  ;  according  to  Moller :  Eugenia  acris,  Wight  et  Am., 
Myrtus  communis,  L.,  Callistemon  lanceolatus,  DC.,  and  Melaleuca  ericifdia^ 


'  These  are  the  following :  Tribe  CbamaeUncieme :  Aciincdimm,  Darwimis,  Vtrtutrdm,  Ck 
lautium,  Calythrix,  Thrypiomentn  MUromyrtus  ;  Tribe  I^ntotpermeae  :  Ltptosfirmmm^  CmUUtfwatm, 
Melaleuca,  Eucalyptui,  Tristamia,  Mftrosidtros ;  Tribe  Myrteae :  PiUimm,  Cmfyc^ifmi.  Mfff^* 
Myrcia^  Myrrhinium,  Eugenia. 
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The  cork  in  some  cases  (in  Syzygium  Jambolanum^  DC.  and  Eucalyptus 

/.  S<  hiecht.)  is  of  the  nature  of  spongy  cork,  i.e.  is  composed  of  cubical 

A  !tli  delicate  walls.    In  most  cases,  however,  the  cork  is  stratified,  layers 

.walled  cells,  which  are  mostly  elongated  in  the  radial  direction,  alter- 

with  layers  of  ceUs  which  are  flattened  in  the  radial  direction,  and 

M-Ncd  on  their  inner  or  outer  or  on  both  tangential  walls.    The  thin- 

•  I  k-i  ells  of  the  stratified  periderm  occasionally  show  dark  Caspary's  dots 

i.i'ImI  walls  (e.g.  in  MelaUuca).    The  occurrence  of  secretory  cavities 

riin.iry  cortex  has  already  been  discussed  above.    Oxalate  of  lime 

I  tlu  'primary  cortex  in  the  form  of  clustered  or  ordinary  solitary 

Stone-cells  are  present  (Lignier)  in  the  primary  cortex,  e.  g.  in  Metro- 

'^rr.titsa.    The  outer  limit  of  the  bast  in  the  Myrtaceae  sens,  str,  is 

.  a  more  or  less  continuous  mechanical  sheath  of  groups  of  primary 

The  secondary  bast  is  usually  stratified,  consisting  of  alternating 

.  ti'i  and  soft  bast.    According  to  Lignier,  an  exception  to  this  is 

\   the  genera  Darwinian  Chamadaucium^  and  Veriicordia^  belonging 

'i.irlaucieae,  in  which  bast-fibres  are  w*anting  in  the  secondary  ^t, 

\  the  genus  Myrtus^  in  which  only  a  few  red-cells  (sclerosed  paren- 

I  .lie  developed  in  the  soft  bast.    According  to  Mdller,  stone-cells 

>econdary  bast  in  Syzygium  Jambdanum^  DC.,  and  species  of 

the  stone-cells  attain  considerable  dimensions  in  the  species  of 

'  !Uioned,  and  in  Eucalyptus  carymbosa^  Sm.,  while  in  other  species 

:^  they  are  only  sUghtly  sclerosed.    Oxalate  of  lime  is  present  in 

rlie  form  of  clustered  or  sohtary  crystals.     According  to  Mdller, 

';i>res  occupied  by  sohtary  crystals  occur  in  species  of  Melaleuca^ 

and    Eucalyptus^  while  similar  elements   containing    clustered 

t«>und   in  species  of  Myrtus^  Eugenia^  and  also  in   Syzygium 

In  conclusion,  the  abundance  of  tannin  in  the  tissues  of  the 

W  specially  mentioned. 

:th  is  homogeneous  in  the  cases  more  particularly  investigated  by 

.  -i>ecies  of  \lyrtus,  Melaleuca^  Metrosiieros,  and  hucalyptus). 

B.    Lecythidaceae 
(Tribes  Lecythideae,  Barringtonieae,  Napoleoneae.) 

Structure  of  the  Le.\f'.    The  mesophyll  usually  has  bifacial 

Centric  leaf -structure,  however,  also  occurs,  e.  g.  in  raetidia  mauri" 

:n.  and  AstcratUMos  brasilicnsis^  Desf.     The  «tomat«  for  the  most 

!i  only  on  the  lower  side  of  the  leaf  (exceptions  :  Lecythis  lanceoUia^ 

tstaviaaugusta^  L.,  Foetidia  mauritiana^  in  which  a  few,  and  Barringionia 

■ijj,  Roxb.,  in  which  many  stomata  are  also  met  with  on  the  upper 

md  are  as  a  rule  wedged  in  between  three  epidermal  cells.     Excep- 

y  (in  Chytroma  Idatimon^  Miers)  subsidiary  cells  arranged  parallel  to 

.ore  occur.     The  leaf  of  Sapolcona  Whitfieldii^  Decne.,  in  addition  to  the 

:idry  stomata,  shows  others  which  are  distinguished  by  their  specially  large 

.  and  are  to  be  found  even  on  the  young  leaves.     In  FoeHdta  mauriiiana 

il  Barringtonia  racemosa^  Roxb.,  a  one-layered  hypoderm  occurs  beneath 

!u'  epidermis  on  the  upper  side  of  the  leaf.    According  to  Lisnier,  horizontal 

division-walls  are  founa  in  the  epidermal  cells  on  the  upper  side  of  the  leaf  in 

'  The  followinf*  deicriptioo  of  the  rtrnctiire  of  leaf  and  azit  b  CMcntUlly  haied  on  LigBier's  woik, 
Rcch.  uxr  raratocnic  At%  Lecxthid^ct  etc  Hit  work  u  (bonded  on  the  in^yertigation  of  tpeckt  of  the 
fCBcra  Cmstaita.  Bertksllitia^  Lirytkis^  and  Cmtrmimri  m  the  tribe  Lccythidcae,  of  the  fCDCim  Bmr^ 
hmgr^ia  ai.il  t^etiJia  in  the  tribe  Baningtookae  and  of  both  the  genera  ol  the  tribe  NapoleoDcae, 
wa.  Xapoitfma  and  Aiieramikcs.  In  thif  eaameratioo  the  gencrm  are  taken  at  dcUnitcd  in  Dnnad'i 
Index. 
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h\chweilera  parvifhra^  Miers  (confounded  with  gelatinization  ?).  Papilk<«« 
diff'rrcntiation  of  the  lower  epidermis  has  been  obser\*ed  in  Lecyikis  rac^mificfi. 
Sai^ot  and  Couratari  guianensis,  Aubl.  The  parenchymatous  tissues  of  the 
l';af  and,  we  may  add,  those  of  the  axis  also,  are  characterized  by  tancic- 
contf:nts.  In  the  axis  the  tannin  is  found  in  special  ceDSv  which  for^ 
filamentous  rows.  The  secretory  cavities*  which  are  characteristic  oi  th< 
Myrtaceae  s<:ns.  str.,  are  completely  absent  in  the  Lecythidaceae.  An  ara- 
tomical  feature  of  a  more  special  kind,  observed  only  in  Asierantkos^  u 
the  occurrence  of  sclerenchymatous  fibres  running  irreEularly  in  the  meso- 
phyll.  As  regards  the  mode  of  excretion  of  oxalate  of  lime,  the  Napolfo- 
ncae  possess  solitary  crystals,  the  Lec)rthideae  soUtary  and  clustered  prir 
matic  crystals,  the  Barringtonieae  star-like  clustered  crystals.  In  the  lea: 
the  crystals  occasionally  occur  in  the  epidermis  (Chytroma  IdaUmtm,  Mier^). 
The  hairy  covering,  like  that  of  the  rest  of  the  Myrtaceae,  is  very  simpk. 
In  the  Nai)oleoneae  hairs  are  absent ;  in  the  Lecythideae  they  are  generally 
unicellular,  short,  stiff,  and  pointed,  sometimes  Uke  papillae  ;  m  the  Bamnc- 
tonicMe,  finally,  they  are  longer,  uniseriate,  and  composed  of  2  or  3  cells.  Lignier 
has  described  and  figured  gland-like  hairs  in  Lecythopsis  rufescens^  Berg,  mly; 
they  are  occasionally  placed  together  in  small  groups,  and  appear  as  short, 
for  the  most  part  uniseriate  hairs.  Lastly,  we  may  mention  the  paired 
relatively  large  glands,  which  are  borne  on  the  base  and  lower  side  of  tne  leaz 
in  Napolcona.  Their  structure  recalls  the  well-known  glands  on  the  \aX 
of  the  cherry-laurel ;  the  secretory  cells  are  narrow,  thin-walled  cells  of 
palisade-hke  sha|K\ 

The  ai)i)earance  of  the  petiole  in  transverse  section  is  characteristic  o( 
tlie  individual  tribes.  In  the  Napoleoneae  it  shows  only  a  sinele  vascular 
arc  of  five  bundles  (Lignier's  *  faisceaux  principaux '),  m  the  Lecvthideaf 
and  I^rringtonieae  numerous  vascular  bundles,  which  are  orientated  in  i«.> 
or  throe  concentrically  arranged  arcs  (Lignier's  *  faisceaux  principaux,  an- 
tWours,  jx)stdrieurs ').  In  the  structure  of  the  petiole  the  Lecythideae 
with  the  exclusion  of  the  genus  Gtistavia,  agree  most  closely  with  the  Napo- 
leiineao.  In  the  lecythideae  the  transverse  section  of  the  petiole  shows  an 
arc  of  principal  vascular  bundles  ('  faisc.  principaux ')  and  a  bundle-systea 
(•  faisc.  anttVieurs  *),  which  faces  the  upper  side  of  the  arc — the  leaf  beinj; 
sup}x)sed  to  bo  in  its  natural  ix)sition  on  the  shoot.  In  Gustavia  there  are  not 
only  aiUlitional  vascular  bundles  (*  faisc.  ant6rieurs  ')  above  the  arc  of  princi;d 
iMiiidlos  (•  faisr.  principaux*),  but  also  others  ('faisc.  post6ieurs  )  below 
thorn  ;  in  this  case,  as  in  tho  rest  of  the  Lecythideae,  all  the  vascular  bundks 
arc  normally  orientated,  i.  0.  in  tho  vascular  bundles  of  the  three  or  two  arrs 
rosjHHTtivoly  tho  xylom  lies  on  tho  upjxT,  the  bast  on  the  lower  side.  Tix 
Barringtonioao.  like  Gustavut,  also  have  thrive  s\-stoms  of  vascular  bundles  ;  iher 
iliftor  trom  tho  Looythidoao.  howovor,  in  tho  fact  that  the  bundles  of  thelowtfs:: 
svNtom  ('  taisc.  |H^toriours ')  aro  invorsoly  orientated  vdxh  regard  to  the  position 
ot  wiHxl  ani!  bast  :   that  is  to  say.  tho  l\ist  is  above  and  the  xylem  belov. 

^^  H.  STRrcTiKK  OF  THF  Axis.  Tho  complete  absence  of  intrax^ary  soft 
bast  in  tho  I.ivythulaooao.  in  contradistinction  to  what  is  found  in  the  Mjrrta- 
coao  sons,  strict. .  m.iy  tiist  N^  pMntod  out  onco  more.  On  the  other  hand,  cor- 
tical vascular  bundles  are  proMMit  in  tho  Locythuiaceae.  Since  they  were  fir^t 
notioiM  by  tiuillard.  thoyhavo  Nvn  obsorvod  by  dittorent  investigators  (Dnf our 
and  CvVit.intin.  S^^lori\loV.  l.ijir.ioM  in  tho  jcoiuiA  ^':<^/J:1J.  BcrikoUetia.  Ltcytkn. 
t\'Mr.jAin.  Rirri»i5:;,'»:i.i.  F^ituiu.  Cifi'wi.  l\.j*wK^nij.  Xapoieona^  and  AsUt- 
.t»tMx\«.  In  tho  kirrin{:ton:oao  ^ Kirrj »;<:;.  »ri.i.  F.v/iiia,  Careys  PUinckonu) 
tho  coitioal  bundlts  arv  invorsoly  oiiontatiM.  iho  xylom  King  outwards,  tho 
K\st  inwarvis  :  while  tho  cortuwl  biiniilos  o:  :V.o  Lecythideae  and  Napokoncao 
show  tho  xylom  normally  >ituati\i  or.   ihv   ir.r.or,  and   the  phloem  on   the 
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outer  side.  Owing  to  this  diverse  orientation  of  the  xylem  and  phloem 
of  the  cortical  bundles,  one  is  thus  easily  enabled  to  distinguish  a  member 
of  the  Barringtonieae  from  the  rest  of  the  Lec)rthidaceae.  The  number  of 
cortical  bundles  further  aifords  a  distinction  between  the  two  other  tribes. 
In  the  Napoleoneae  the  number  of  the  cortical  bundles  amounts  to  only  four, 
in  the  Lecythideae  to  more  than  eight. 

The  course  of  the  vascular  system  and  the  production  of  cortical  bundles  in  the 
Lecythidaccac  has  been  studied  in  detail  by  Lagnier.  The  results  of  his  investiga- 
tions are  of  systematic  value,  and  must  therefore  be  shortly  touched  upon.  As  has 
been  mentioned  above,  the  petiole  of  the  Napoleoneae  possesses  only  a  simple  arc 
of  five  vascular  bundles  ;  of  these  the  middle  three,  fused  into  one  bundle,  pass  into 
the  normal  bundle-ring  of  the  axis ;  the  two  laterally  placed  strands  become  normaUy 
orientated  cortical  bundles  in  the  axis.  In  the  Lecythideae  the  petiole  possesses 
three  or  two  systems  of  vascular  bundles,  either  a  principal  system  and  an  upper 
and  lower  system,  or  only  a  principal  and  an  upper  system  (see  above).  Ox  the 
principal  system  the  middle  three  vascular  bundles  pass  into  the  bundle-rin^  of  the 
axis  :  the  others  become  normally  orientated  cortical  bundles  in  the  axis ;  the 
bundles  situated  below  the  principal  system  in  the  petiole  and  occurring  only  in 
Gustavta^  form  normally  orientated  cortical  bundles  in  the  axis ;  the  majority  of 
the  pctiolar  bundles  situated  below  the  principal  system  fuse  with  the  principal 
bundle-system  of  the  petiole,  and  only  two  become  normally  orientated  cortical 
bundles  m  the  axis.  It  has  been  stated  above  that  the  p>etiole  of  the  Barringtonieae 
exhibits  three  bundle-s>'stems,  of  which  the  lowest  is  inversely  orientated  as  regards 
the  position  of  wood  and  bast.  Of  the  bundles  of  the  middle  system  (the  principal 
one),  only  the  middle  one  passes  into  the  bundle-ring  of  the  axis  ;  the  others  in  their 
further  course  turn  throuch  iSo'^  and  appear  as  inversely  orientated  cortical  bundles 
in  the  axis.  Of  the  bunoles  situated  above  the  principal  system  the  majority  fuse 
with  the  latter,  as  in  the  Lecythideae  ;  two  lateral  ones  turn  in  their  course  through 
1 80  and  form  inversely  orientated  cortical  bundles  in  the  axis.  Lastly,  the  low^ 
vascular  bundles  of  the  petiole,  which  are  inversely  orientated  in  the  Barringtonieae, 
pass  into  the  axis  and  there  present  themselves  as  inversely  orientated  cortical 
bundles. 

The  following  points  may  be  added  with  regard  to  the  other  structural 
features  of  the  axis  in  the  Lecythidaceae. 

The  wood  consists  of  vessels  with  small  or  moderately  wide  lumina  (dia- 
meter of  vessel  =  02  mm.  in  Foeiidia  mauriiiana^  Lam.,  -05  mm.  in  Lecythis 
racemifiora^  Sag.,  -i  mm.  in  L.  corrugata^  Poit.)  and  simple  perforations^ 
of  simple-pitted  wood-prosenchyma,  ususdly  abundantly  developed  wood- 
parenchyma  and  narrow  medullary  rays.  The  wood-parenchyma  mostly 
forms  tangential  bands  between  the  wood-fibres  {Lecythis  ovalifolia^  DC., 
Couratari  Tauari^  Berg  and  others) ;  in  EschweiUra  subglandulosa,  Biiers, 
and  Foeiidia  mauritiana^  Lam.,  it  is  developed  in  such  abundance  that  it 
makes  up  the  groundwork  of  the  wood. 

In  the  Lecythidaceae  the  cork  arises  superficiaUy,  either  subepidermally, 
or  at  any  rate  a  very  little  way  below  the  epidermis.  As  a  rule  it  is  composed 
c)t  tlat  cork-cells  ;  in  Gustavia  augusta^  L.,  Cariniana  brasiliensis,  Casar.  and 
Lt\\thopsis  fufescensy  Berg,  the  cork  is  stratified  in  a  manner  similar  to  that 
in  the  .Myrtaceae  sens,  strict.  The  bast  shows  the  same  stratification  into 
hard  and  soft  l>ast  as  in  the  rest  of  the  Myrtaceae. 

Fmally,  mention  may  be  made  of  the  occurrence  of  gum-canals  in 
thr  pith  of  some  Lecythidaceae,  namely  in  BcrthoUetia  excdsa^  Humb.  et 
l^>npl..  Couratari  guiarunsis^  Aubl.,  Lecythis  racemifiora^  Sag.,  and  EsckweUera 
pan^iflora,  Miers.  According  to  Lignier  these  canals  are  •2—5  mm.  wide, 
and  are  probably  lysigenous. 

Litcrmturc:  Sanio,  Bot.  Zeit.  1863,  p.  31.— Frank,  Beitr.  x.  Pflanicnphya.,  Leipcig,  1868, 
p.  IJ5.— (;u:nard,  Ball.  Soc.  bot  de  Frmnce  1870.— Mmitiiict,  Org.  de  ttoetioii,  Ann.  tc  ML, 
%tj.  f.  t.  xJY.  1871,  p.  aoa.— HoncTer,  Blitt.  too  Emcmlypttu  etc.,  Diti.,  Jena,  1874,  24  pp.  and 
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t    Tab.— [Ponlsen,  Om   korkdannelse  pam    Blmde,  Vldcnsk.  Meddddi.  ftm   d.  aatttifakL  Foe  t 
Kjobenhmvii  1875,  n.  i-4.]--Climtiii,  GUndei  fol.  int^^  Ann.  ic.  nat,  s^.  6,  t  ii,  18Y5,  pp.  ao^ 


Rep.  of  the  forest  reioarcei  of  Weit  Aostimlk,  London,  1879,  ao  pl*]"^  lkciinMiiwi»  Kofkvnck. 
ant  Bl.,  Pringiheim  Jahrb.,  Bd.  zii,  1879-81,  p.  207  et  icq.— Hohnel,  SekicCioiisoqf.,  Sitx.-Ber. 
Wiener  Akmd.,  Bd.  Izxxiv,  Abt  i,  1881,  pp.  569-73.— Szyuylowia,  SekretbdL,  Pamirtnik  Akad. 
Umiejetnoici  w  Krakowie,  t.  Ti,  1881,  p.  9  et  mo.  and  Tab.  i,  ii.— Mollcr,  RindcoanttL,  iMi, 
PP-  343-53~Pctersen,  Engler,  Bot.  Jahrb.,  Bd.  ui,  1883,  pp.  363-4.— Bokony,  Flocm  i88x, 
p.  387,  separate  copy,  pp.  35-45. — Cottantin  et  Dufonr,  Tige  dei  L^cythidte,  ^11.  Soc  bot.  dc 
France  1885,  pp.  ii5-i9.'-Leclerc  du  Sablon,  Sym^trie  fol.  cbex  let  Eucafyphu  etc.,  BalL  Soc  bot. 
de  France  1885,  pp.  339-36. — Mentovich,  Mark,  Klanaenborgy  1885,  Hongarian;  nfaitr.  la  Ja« 
1885,  i,  p.  788.— Solereder,  Holzstr.,  1885,  pp.  133-5.— Van  Ticgbem,  Ann.  ic  nat.,  adr.  7,  L  i, 
1885,  p.  58.— Hartog,  Cortical  fibrovascnlar  bondlet  in  tome  tpedet  of  Lecythidcac  and  Bv^ 
ringtonieae,  Report  Britith  Astociation  for  the  adv.  of  tc.,  1886,  p.  706.— PUtt^  BlattMicl,  Dml, 
Marborg,  1886,  pp.  34,  35.— Lignier,  Anat  comp.  det  Myrtacto  etc.,  Arch.  boC  da  Novd  de  h 
France  1887,  Pans,  pp.  355-433  and  i^  zTi-xriti.- lignier,  Struct,  dcs  L^cythidto,  Amck.  fnm^ 
Congr^  de  Toolonie,  1887.— I^bloit,  Cananx  tte^tenrt  etc.,  Ann.  tc.  nat,  afr.  7,  t.  ti,  18I7, 
pp.  358-64.— Petit,  Petiole,   M^m.   Soc.  det  tc.  phyt.  et  nat  de  Bofdcaaz,  afr.  3*  t.  iii,  1887. 

PP-  315*  316  and  pi.  v.— Donliot,  P^riderme,  Ann.  tc.  nat,  t^.  7,  t  x,  1889,  pp.  367-9.— Koti» 
eriderma,  Malptghia,  vol.  iv,  1890,  p.  97. — ^Lignier,  Decortication  det  Myitaodca  tic.  Ball 
Soc  bot  de  France,  1890,  pp.  13-15.— Lignier,  Anat.  det  org.  T^g^.  det  LicythkUca  dc,  Giaid. 
BolL  sdent  de  la  France  et  de  U  Belgiqoe  1890,  Parit,  pp.  391-430  and  pL  x-idi. — Midkt,  AatL 
n.  phyt.  Beob.  an  den  Bl.  einiger  EtuMyptuS'KiXxn.,  Jahro.  Hamburger  witt.  Antt,  Bd.  U,  t,  Tol, 
i89i-3,pp.  1-37  and  i  Tab.— Briod,  Anatomia delle  foglie  dell*  Eucalypius  Ckbmhu^  MUmo,  1891, 
95  pp.  and  33  Tab. ;  abstr.  in  Bot.  Centralbl.  1893,  i,  pp.  317-19. — Niedensn,  in  NatiirL  Pflan  wff  , 
3.  Teil,  Abt.  7,  1803, ^p.  ^6,  37  and  1893,  p.  58.— LnU,  Sekietbeh.  d.  M.,  Bot  CcotralU.  1895, 
iT,p.44et  seq.  and  : 
Engler,  Bot.  Jahrb., 
heim  Jahrb.,  Bd.  x 
Pharm.  1897,  n.  7.] 


3.  leu,  AM.  7,  1803,  pp.  30,  37  and  1893,  p.  58.— UiU,  bekietbeb.  d.  M.,  isot  i^cotrau 
iv,  p.  44  et  seq.  and  3  Tab. ;  tee  alto  Archiv  d.  Pharm.  1896,  4  pp.— Dielt,  Veg.-BioL  ▼•  Nai 
Engler,  Bot.  Jahrb.,  Bd.  xxii,  1896,  pp.  339,  349  and  351.— Reiche,  Cbiloi.  HoImv., 
heim  Jahrb.,  Bd.  xxx,   1896,  p.  89.--f Schneider,  Leavet  of  Eucalypius  GMuha^laL  Ji 


MELASTOMACEAE. 

I.  Review  of  the  Anatomical  Features.  The  Melastomaceae  are 
at  once  excellently  characterized  by  the  external  features  of  their  vmetative 
organs,  i.  e.  by  the  opposite,  exstipulate,  and  mostly  3-9-veined  leaves.  Tuming 
to  anatomical  characters,  we  may  add  the  occurrence  of  intrasciiary  phloeiii, 
and  the  frequent  appearance  of  medullary  and  cortical  vascular  bundles.  Tbe 
latter  are  also  of  importance  for  the  diagnosis  of  tribes  and  genera.  Tbe 
wood  consists  of  (i)  vessels  with  simple  perforations  and  with  bordered  or 
simple  pitting  in  contact  with  ray-parenchyma ;  (2)  of  wood-parencfaynuu 
which  is  usually  little  developed  ;  and  (3)  of  wood-prosenchyma^  which  either 
has  simple  pits,  and  in  that  case  is  conunonly  septate  (in  the  Helastomeae 
hitherto  investigated,  as  well  as  in  A  stroma)  or  bordered  pits  (Hemecy- 
leae,  Kibessia).  Interxylary  phloem  is  characteristic  of  the  genera  KibessiM^ 
Memecylon,  Mouriria  and  Piernandra.  The  cork  either  arises  in  the  peri- 
cycle  or  superficially,  i.e.  in  the  epidermis  or  in  the  first  or  second  cell-Uyer 
of  the  primary  cortex.  The  external  limit  of  the  pericycle  is  often  fonned 
by  a  distinct  endodermis  ;  the  pericycle  occasionaUy  contains  bast-fibres. 
The  stomata  are  for  the  most  part  surrounded  by  several  ordinary  epidermal 
cells  ;  subsidiary  cells,  placed  parallel  or  transversely  to  the  pore,  are  rare. 
The  hairy  covering  consists  of  clothing  and  glandular  hairs,  and  is  extremely 
variable  (see  p.  361  and  Fig.  79).  Typical  internal  secretory  oreans  arc 
wanting  ;  gelatinization  of  the  epidermis  of  the  leaf  is  very  rare  {iltiruiu 
acerosa^  DC.)  in  the  Suborder  Melastomeae,  common  in  Mouriria,  Oxalate 
of  lime  is  usually  excreted  in  the  form  of  clustered  crystals,  more  rardy  in 
that  of  styloids  (in  Astronia,  Beccarianihus^  Bellucia,  Calycogonium,  CefUradenim^ 
HenrieUea^  HenrtetteUa^  Kibessia,  LoreyUy  Memecylon,  Mouriria^  Myriasporm^ 
and  Piernandra)^  whilst  ordinary  rhombohedral  solitary  crystab  are  wanting. 
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In  many  cases  the  clustered  crystals  are  replaced  by  sphaerites,  in  one  case 
(Aciotis)  by  crystal-sand,  composed  of  small  needles.  Of  anatomical  charac- 
ters which  may  be  utilized  for  special  diamosis,  the  following  may  be  men- 
tioned :  small  stomatal  pits  on  the  lower  side  of  the  leaf  in  species  of  Mouriria 
(Fig.  78) ;  various  features  of  the  epidermis  of  the  leaf,  such  as  psdisade-like 
elongation  or  papillose  differentiation  of  the  cells  of  the  upper  epidermis ; 
development  of  hypoderm  in  the  leaf ;  occurrence  of  sclerenchymatous  fibres 
or  snicular  cells  and  (in  AcioHs  annua^  Tr.)  of  spiral  tracheides  in  the  meso- 
phyll ;  formation  of  aerenchyma  in  the  stem. 

2.  Structure  of  the  Leaf.  The  leaf-structure  of  this  large  Order  is 
still  far  from  being  adequately  investigated.  The  following  statements  extend 
to  some  few  eenera » investigated  by  Lignier,  to  the  Memecyleae  which  formed 
the  subject  of  certain  researches  by  Van  Tieghem,  and  to  those  genera  of  the 
tribes  Microlicieae  and  Tibouchineae  •  examined  by  Pfiaum. 

The  leaf-structure  is  either  bifacial  or  centric.    The  stommta  either  occur 
on  both  sides  of  the  leaf  or  only  on  the  lower  side.    The  mode  of  development, 
described  by  Lignier  in  the  genera  investigated  by  him  (with  the  exception 
of  Memecylon\  and  sometimes  even   to  be 
recognized  in   the  mature  leaf,  is  certainly 
not   universal ;    in    this  case  the    mother- 
cell   of    the    guard-cells    Is    cut    out    from 
an  original  epidermal  cell  by  a  single  con- 
vex vertical  wall.     Usually  the  stomata  of 
the  mature  leaf  are  surrounded  by  several 
ordinary  epidermal  cells.     In  other  cases  the 
pairs  of  guard-cells  are  wedged  in  between 
three  neighbouring  cells  (Rhynchanikera  cot- 
data,  £>C.)*  or  are  accompanied  by  two  sub-  F10.78.  stamaxu^ct  M^mHrimf. 
sidiary  cells,  arranged  transversely  (species     /wMJ^c/Wk-Aao  VAnTk]  ■ 


of  Marcetia  and  Microlicia)  or  parallel  to 
the  i)ore  (Mtmecylon  clausiflorum^  according  to  Lignier).  In  certain  species 
of  Microlicia  and  PUrolepis  the  stomata  lie  with  their  pores  parallel  to  one 
another,  and  to  the  median  vein  of  the  leaf.  A  very  peculiar  feature, 
characteristic  of  most  species  of  the  genus  Mouriria^  accordmg  to  Van  Tieghem, 
is  the  restriction  of  the  stomata  to  small  pits  on  the  lower  side  of  the  leaf 
(Fig.  78).  The  pits  vary  in  structure,  and  may  have  either  a  wide  or  a  narrow 
o[>ening.  Occasionally  the  epidermal  cells,  situated  between  the  stomata 
in  the  pits,  are  produced  into  short  hairs  or  papillae  (Mouriria  cUiptica  and 
M.  Pusa). 

Regarding  the  structure  of  the  epidermis  of  the  leaf,  the  following  facts 
may  be  mentioned.  According  to  Pfiaum  the  epiderxnis,  and  espedaUy  that 
on  the  upytT  side  of  the  leaf,  is  in  many  cases  characterized  by  the  wide  lumina 
of  its  cells,  and  by  the  gelatinous  appearance  of  its  cellulose  membranes. 
Gelatinization  of  the  epidermis  of  the  leaf  is  certainly  very  rare  in  the  Sub- 
order Melastomeae,  and  at  the  present  time  is  only  known  in  Marcetia 
acrrosa,  DC.  In  the  ^enus  Mouriria^  on  the  other  hand,  it  occurs  frequently, 
to  judge  from  Van  Tieghem's  statements,  and  from  my  own  observation  of  it 
in  Mouriria  parvifdia^  Benth.  ;    Van  Tieghem,  however,  described  the  muci- 


'  Tbete  are  Cemtradinu^  Ntpstrm^  Latismdru,  MtmockaHmm^  Smerila^  Pkj^Uagathis^  Ampki- 
bUmma^  liertotcmiay  MediniUa^  MUmtia,  Spkoirogyntt  and  Mewucfitn^ 

*  Namely:  CambtsstdesUi^  /yrmmim,  CA^ui»tg^ma,  Mim^ina,  Trtmkkya^  Ltnmriirm^  Rkp^- 
i  kanthira,  ^iipkanthira,  Cenirmiemim^  Dfigrmmi/Ura,  Afitamt/Uru,  Huria,  Afikrgsttmmm^  Ntpsem^ 
ntsmc-celis,  Microiefis,  Urmekjmimm^  Smtrmmim^  Mmcmirta^  SeAtMeAma,  PUr9iifis^  Tiktmkimm^ 
(  omclia,  J-ritzjckia,  Manetia^  and  Atuiis.  lofotigatioiit  on  the  Icmf-ftractvre  01  the  other  txibei 
are  in  (vof^ms. 
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laginous  inner  walls,  which  very  frequently  enclose  cellulose»lafnrtlae,  as 
p^:uliarly  thickened  cell-walls,  which  is  not  correct.  We  may  add  that 
similar  cells  with  mucilaginous  membranes  also  occur  abundantly  in  the 
parenchyma  of  the  larger  veins  in  Af .  panrifolia.  According'  to  Pflaum, 
the  upper  epidermis  of  the  leaf  in  species  of  Cambessedesia^  Pyramia^  and 
Marceiia  is  characterized  by  palisade-like  elongation.  Papillose  difierentia- 
tion  of  the  upper  epidermis  is  described  by  Lignier  in  Monockaeium  umbd- 
latum^  *  Bertolonia  mirandra/  Sphaerogyne  loHfaUa^  and  Miconia  pemviaua. 
and  by  Pfiaum  in  Rhynchantkera  cordata^  DC.,  Marceiia  bradeolaris^  Cogn., 
and  Aciotis  indecora^  Triana.  A  locally  two-layered  epidermis  is,  acconung 
to  Pflaum,  found  on  the  upper  side  of  the  leaf  in  species  of  CamoUa  ;  on  the 
same  side  hypoderm  of  varying  thickness  occurs  in  a  number  of  species,  thus, 
according  to  Van  Tieghem  in  Asironia  glabra^  A.  macrophylla^  A.  spaimbilis^ 
Mouriria  acuiiftora,  and  M,  spaihulaia^  according  to  Johow  in  certain  West 
Indian  epiphytic  species  of  Blakea  (not  more  precisely  named),  according  to 
Lignier  and  ICrasser  in  MedinUla  Curtisii^  3f .  farinosa,  M.  javanensis^  Bl^ 
Af .  magnifica  and  Af .  speciosa^  and  according  to  Pfiaum  in  Marceiia  eriandts^ 
Cogn.,  M.  tetrasticha,  Logn.,  as  well  as  in  species  of  MicroUpis,  Tibauckina^ 
and  Macairea  (in  the  last-named  genus  the  hjqxxierm  is  sometimes  strongly 
developed  above  the  vascular  bundles  of  the  veins,  and  projects  into  the 
mesophyll  in  the  form  of  a  ridge). 

According  to  a  verbal  communication  from  Herr  Paldzieux,  the  mesophyU 
of  Pachyloma  coriaceum^  DC.  has  quite  a  peculiar  structure ;  in  this  plant 
the  cell-walls  of  the  spongy  tissue  are  provided  with  the  same  local  thicken- 
ings as  in  certain  Menispermaceae  (see  p.  40). 

In  the  veins,  mechanical  tissue  accompanying  the  vascular  bundle  is  rarely 
developed,  and  when  present  either  directly  adjoins  the  vascular  bundle  or 
is  separated  from  it  and  situated  subepidermally  (the  latter  condition  occnrring 
in  species  of  Chaetostama,  Microlicia^  Lavoisiera.  and  Micralepis).  More 
commonly  there  are  sclerenchymatous  cells,  resembling  rod-cells,  in  the  paren* 
chyma  of  the  ground-tissue  in  the  larger  veins.  In  this  connexion  the  follow* 
ing  structural  features  remain  to  be  mentioned :  according  to  Pflaom  the 
variously  shaped  sclerenchymatous  cells  with  a  large  lumen  in  the  mesophyU 
of  species  of  Lavoisiera  and  Microlicia ;  the  spiral  tracheides  traversing  tne 
mesophyll  in  Aciotis  annua,  Triana,  and  the  sclerenchymatous  fibres  present 
in  the  same  tissue  in  Macairea  Sbruceana,  Berg ;  according  to  Van  Tie|;hem» 
the  occurrence  of  sclerenchyma-fiores  or  spicular  cells  in  the  mesophyll  m  the 
species  of  the  genera  Memecylon  and  Mouriria  and  in  the  monotypic  genus 
Plethiandra.  The  varied  form  of  the  sclerenchymatous  cells  in  the  mesophyll 
is  of  great  value  for  the  diagnosis  of  the  species  of  Memecylon  and  Mouriria, 

Van  Ticghcm  distinguishes  four  types  of  the  elements  in  question  in  the  eenns 
Memecylon,  of  which  he  investigated  sixty-six  species :  I.  Sclerenchyma-fibns, 
running  irregularly  through  the  entire  mesophyll,  penetrating  as  far  as  the  upper  and 
lower  epidermis,  and  spreading  out  beneath  each  as  a  regular  layer  ;  these  sdeien- 
chyma-fibrcs  are  (a)  unligniiicd  in  Memecylon  angustifolium,  M.  capiteilaiutm^  AT. 
cordatum,M.Elaeagni,M,ellipticum,  M.floribundum,  M.  grandifolium,  M.myrtifonmg. 
M.  oleae folium,  Af .  strumosum,  M,  sylvaticum,  M.  ulopterum ;  {b)  more  or  less  strongly 
li^fied  in  M,  ampUxicaule,  M.  angulatum,  M,  caeruleum,  M.  edule,  M.  exeeisum^ 
M.  ferreum,  Af.  Hookeri^  M.  ligustrinum,  M.  myricoides,  Af .  orbiculare,  M.  ovaium^ 
M,  ovoideum,  Af.  Preslianum,  Af.  prunifolium,  Af.  rhamnoideum,  Af.  fkinopkyllum^ 
Af.  sphaerocatpum,  Af.  tinctorium,  Af.  umbellatum.  In  a  scries  of  species,  which 
also  belong  to  this  type,  the  sclercnchyma-fibres  run  more  in  the  middle  plane  of  the 
leaf,  and  bend  out  obiiaucly  towards  the  epidermis,  continuing  their  course  beneath 
the  latter ;  these  are  Af .  australe,  Af .  costatum,  Af .  depressum,  M.  dolickopkyilum^ 
Af.  dumosum,  Af.  garcinioides,  Af.  Griffitkianum,  Af.  keteropleuron,  Af.  lanrifnmi, 
Af.  myrsinoides,  Af.  paniculatum,  Af.  parvifolium,  Af.  pauciflorum,  Af.  prasiuu 
Af.  revolutum,  Af.  rostratum,  Af.  tenuicatUe^  Af.  Tkomsoni.     ll.  Branched 
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chymatous  cells  (roicular  cells)  occur,  whilst  fibres  are  wanting  in  3f.  AmoUianum, 
A#.  fascicuiare,  M,  Gardneri,  M.  luUscens,  M,  fmiasiomoides,  M.  olig(meuron^  Af. 
pkyuanthifoiium,  M,  Spatkandra,  Af.  trinerve,  M.  varians,  M,  Vogeliiu  III.  The 
following  possess  forms  intermediate  between  I  and  II,  namely  branched  and 
elongated  sclerenchyinatous  cells,  which  traverse  the  mesophyll  almost  perpendicu- 
larly and  terminate  in  the  form  of  a  T  beneath  the  epidermis :  M,  cutuaium,  3/. 
Uucantkum^  Af.  macfophyllum,  IV.  Forms  intermediate  between  I  and  II,  namely, 
elongated  columnar  sclerenchyma -fibres,  traversing  the  leaf  perpendicularly  and 
having  a  few  small  branches,  are  found  in  Af .  Heyneanum  and  Af .  scuUUatum. 

In  the  genus  Mouriria  Van  Tieghem  distinguishes  three  forms :  I.  very  long 
sclerenchyma-fibres,  running  irregularly  in  the  entire  mesophyll  and  finally  forming 
a  layer  beneath  each  epidermis  in  Mouriria  Apiranga,  Af.  crassifoiia,  and  Af.  euge- 
niaefoiia  ;  II.  long  branched  sclerenchyma-fibres,  traversing  the  leaf -tissue  approxi- 
mately at  right  angles  in  Af .  abnormis,  Af .  arborea,  Af .  uatdneri^  and  Af .  Pusa ; 
III.  star-shaped  spicular  cells,  situated  in  the  middle  of  the  mesophyll  in  Af.  acuH- 
fiofa,  Af.  angusti/oiia,  Af .  brevipes^  Af.  cauliflora,  Af.  ellipiica,  Af .  entarginata^  Af. 
gxccriata,  Af .  guianensis^  Af .  lanceoiata,  Af .  parvifoiia,  Af.  pauciflora^  Af.  princeps^ 
Af.  Sagoiiana^  Af .  Sideroxylon,  Af.  spathulata,  Af.  V alenzuelana,  and  Af.  vemicosa. 

The  sclerenchymatous  elements  in  the  leaf  of  PUthiandra  Mottleyi  are  branched 
spicular  cells. 

Special  secretory  receptacles  do  not  occur  in  the  Order.  Oxalate  of 
lime  is  usually  found  in  the  form  of  clustered  crystals,  those  occurring  in  the 
mesophyll  being  occasionally  distinguished  by  their  considerable  size,  and 
in  that  case  giving  rise  to  transparent  dots  in  the  leaf  Ordinary  large 
rhombohedral  solitary  crystals  have  not  been  met  with  in  any  member  of 
the  Order.  In  the  neigh lx)urhood  of  the  bases  of  the  shaggy  hairs  ('  Zotten- 
fiisse '),  to  be  discussed  later,  the  clustered  crystals  are  often  replaced  by 
sphaerites.  In  Aciotis  longifolia,  Tr.,  the  clustered  crystals  are  loosely  built 
up  of  small  crystalline  needles,  while  in  Aciotis  annua,  Tr.,  crystaJ-sand, 
consisting  of  small  acicular  crystals,  appears  in  their  place.  Lastly,  styloids 
have  been  observed  in  the  genera  Mouriria  and  Mcmccylon  of  the  Memecyleae, 
in  the  genera  Astronia,  Beccarianthus,  Kibessia^  and  PUrnandra  of  the  Astro- 
nieae,  in  the  genera  Beiiucia,  Calycogonium,  HenrieUta,  HcnrietUlla,  Loreya^ 
and  Sfyriaspora  of  the  Miconieae,  as  well  as  (according  to  Lignier  and  Pfiaum) 
in  Ccntradenia  pro  parte  (C.  inaequUatera,  Don).  In  a  certain  number  of 
these  genera  clustered  crystals  are  present  in  addition  to  the  styloids,  e.g.  in 
species  of  Memecylon  and  of  Mouriria,  in  which  the  styloids  occur  in  the  axis, 
and  the  clustered  crystals  in  the  leaf ;  in  Centradenia  floribunda.  Planch., 
clustered  crystals  occur  in  the  leaf-tissue  (Fig.  79,  A),  some  of  their  individual 
crystals  being  differentiated  like  styloids. 

The  haby  covering  is  very  variable.  The  following  types  of  clothing 
hairs  are  found  :  unicellular  trichomes  differentiated  like  papillae  (Marcetia^ 
Macairea) ;  uni-  or  bi-seriate  trichomes  with  thick  walls  ana  I-shaped  lumina  ; 
very  rarely  (Trembleya  laniflora,  Cogn.)  long  uniseriate  trichomes ;  very 
frequently  shaggy  hairs  of  conical  or  filiform  shajH*  or  showing  considerable 
surface  expansion  ;  brush-like  shaggy  hairs,  i.  e.  hairs  with  a  multiseriate 
filiform  stalk  and  terminal  cells  arranged  like  the  hairs  of  a  paint-brush  (Sphae* 
rogyne  latifolia.  Fig.  79,  B) ;  shaggy  hairs  of  the  candelabra  tyjx?  with  a  j)aren- 
chymatous  stalk  occasionally  crowned  by  a  glandular  head  on  a  long  pedicel 
(Pyramia,  Fig.  79,  C) ;  candelabra-hairs  {Mediniila  farinosa.  Fig.  79,  D) ;  stellate 
hairs  with  a  short  stalk  and  unicellular  rays  (Miconia  Pawniana) ;  and  lastly, 

Eltate  hairs  (according  to  O.  Bachmann  in  A  stroma  paprtaria,  Bl.,  where  they 
ve  the  same  structure  as  in  the  Combretaceous  genus  Thiloa).  Of  these 
forms  the  shaggy  hairs,  which  arc  usually  filiform,  have  a  varied  and  often  really 
remarkable  structure.  According  as  they  are  composed  of  j>arenchyma  or  of 
prosenchyma  or  of  both,  they  may  be  distinguished  as  [>arenchymatous  or 
prosenchymatous  shaggy  hairs,  or  as  parenchymatous  hairs  in  the  interior 
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of  which  a  bundle  of  sclerenchvma-fibres  runs.  Additional  sclerenchyma  is  in 
many  cases  connected  with  the  body  of  the  hair  in  the  prosenchyniatous 
shaggy  hairs,  or  with  the  bundle  of  sclerenchyma  in  the  parenchymatous  hairs  ; 
this  sclerenchj-ma  penetrates  into  the  interior  of  the  organ,  in  this  mamier 
firmly  anchoring  the  shaggy  hair  and  determining  a  certain  position  of  the 
latter  with  regard  to  the  surface  of  the  organ.  The  sclerenchyma  ('  base  of 
shagg\'  hair  ')  either  consists  of  a  bundle  of  fibres  which  branches  like  a 
root  (Fig.  79,  E\  or  of  a  strand  which  travels  for  a  variable  distance 
beneath  the  epidermis  of  the  leaf,  either  remaining  simple  (Fig.  79.  F-H)  or 
dividmg  into  several  strands  (Fig.  79,  /) ;  in  both  cases  it  is  accompanied 
by  crystal-celLs  with  clustered  crystals  or  sphaerites.  Other  variations 
concern  the  body  of  the  prosenchymatous  shaggy  hairs,  for  the  tips  of 
the  >ui>erticial  cells  are  frequently  differentiated  in  a  papillose  manner 
(species  of  Heeria^  Desmoscelis,  Brachyoton^  PUroUpis,  and  Tibouchina)^  or 
a  more  fundamental  separation  of  the  sup)erficial  cells  is  found,  leading  to 
a  differentiation  like  that  of  hairs  of  the  fir-tree  or  candelabra  type  (species 
of  MtcroUf>is,  Brachyoton,  and  Tibouchina).  The  shaggy  hairs  which  are 
differentiated  like  scales  (Fig.  79,  A'),  and  have  already  been  shortly  referred 
to  above,  resemble  a  moss-leaf  in  shape,  and  have  been  obser\-ed  in  PUrolepis 
sthphnocaiyx,  Cogn.,  Tibouchina  Mathaei^  Cogn.,  and  T.  verticUlaris^  Cogn. 
The  external  glands  obser\-ed  in  the  Order  may  be  di\ided  into  three 
categories :  firstly,  small  multicellular  external  glands,  which  are  either 
club-shaped  or  have  a  variously  shaped  multicellular  head  sharply 
delimited  (very  common,  see  Lignier  and  Pflaum) ;  secondly,  bladder-like 
integumental  glands,  having  the  structure  of  the  glands  of  the  Labiatae 
(according  to  Pflaum  in  CkaHostoma^  Microiicia^  Tremhlcya^  Lavoisiera^  and 
Macaiffa  ;  occasionally  we  find  traa^itions  to  similarly  constructed  ex- 
ternal glands  without  noticeable  elevation  of  the  cuticle,  as  in  Microlicia^ 
Siphanih^a,  and  Fritzschia) ;  thirdly  and  lastly,  glandular  shaggy  hairs, 
that  is  to  say,  shaggy  hairs  with  the  varied  structure  already  referred  to,  which 
are  surmounted  by  a  multicellular  glandular  head.  In  connexion  with  the 
external  glands,  the  occurrence  of  cork-warts  on  the  lower  side  of  the  leaf 
of  Pdchyloma  coriauum^  DC.,  may  be  briefly  mentioned  (according  to  a 
verbal  communication  from  Herr  Paldzieux). 

According  to  Lignier,  the  uniform  feature  in  the  structure  of  the  petiole 
lies  in  the  fact  that  the  principal  system  of  fibro-vascular  tissue  is  arc-shaped, 
and  consists  of  isolated  vascular  bundles.  On  the  other  hand,  numerous  modi- 
ficatioas  are  found  vrith  regard  to  the  occurrence  of  accessory  bundles,  and 
their  varied  arrangement,  details  regarding  which  may  be  obtained  by  refer- 
ence to  the  works  of  Plitt  and  Lignier. 

3.  Stricture  of  the  Axis.  As  already  stated  in  the  general  re\iew. 
the  Slelastomaceae  are  characterized  by  the  possession  of  intraxylary  phloem. 
A  coHNitlerable  number  of  genera  and  species  *  have  been  investigated  with 
regard  to  the  structure  of  their  axis  by  different  authors  (VSchting,  Solereder, 
Li^nuT,  and  recently  by  Van  Tieghem  especially),  and  intraxylary  phloem 
1ki<  U^Mi  demoastrated  in  all  cases.  In  very  many  (but  not  in  all)  sjjecies, 
medullary  and  cortical  vascular  Imiidles  are  present  in  addition  to 
t!if  intraxylary  phloem;  these  bundles  are  mostly  concentric  in  structure, 
an  i  m  that  case  are  provided  \iith  centrally  placed  xylem.  Moreover,  in 
tin*  same  sjx?cies  we  find  either  cortical  bundles  only,  or  medullary*  bundles 
only,  or  )x>th  medullary  and  cortical  bundles  at  the  same  time;  in  a  small 
j)«>rtion  of  the  species  the  vascular  bundles  are  absent  in  both  pith  and  cortex. 
The    medullary    bundles    may    appear   in  varied   numbers,    either   few  or 
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many ;  in  some  cases  only  a  single  vascular  bundle  occurs  at  the  centre 
of  the  pith.  The  species  with  cortical  bundles  are,  as  a  rule,  at  onoe  dis- 
tinguishable externally  by  their  four-angled  branches ;  the  cortical  bundles 
generally  occur  singly  or  several  together  in  the  angles  of  the  branch ;  in 
rarer  cases  they  are  also  found  in  the  cortical  parenchyma  between  the  angles. 
Both  in  the  medullary  and  in  the  cortical  fibro-vascular  strands,  the  x^em 
is  occasionally  so  much  reduced  as  to  disappear  entirely.  According  to  the 
statements  of  J.  E.  Weiss  and  Lignier,  the  meduUary  bundles  are  in  genetic 
connexion  with  the  intraxylary  soft  bast.  That  is,  they  are  nothing  nx>re 
than  the  direct  continuation  of  the  phloem-bundles,  running  in  the  marginal 
part  of  the  pith  in  a  higher  intemode ;  these  on  passing  into  the  node  penetrate 
mto  the  more  central  part  of  the  pith,  being  at  the  same  time  often  accom- 
panied by  the  primary  vessels  of  the  bundle-ring — the  spiral  and  annular 
tracheae.  The  cortical  bundles  either  represent  the  lateral  strands  of  the 
leaf-trace,  running  in  the  angles  of  the  stem,  or  they  are  branches  of  thtte 
strands;  more  rarely  the  median  strand  of  a  leaf-trace  furnishes  a  cortical 
bundle.  Finally,  the  girdle-Uke  strands  connecting  the  cortical  bundles  at 
the  node  also  deserve  notice. 

In  the  subsc<}ucnt  tables,  indicating  the  occurrence  of  medullary  and  cortical 
vascular  bundles  in  the  Melastomaceae  and  based  on  the  observations  accnmulated 
up  to  the  present  time,  the  following  abbreviations  are  made  use  of :  C,  M,  «  cortical 
and  medullary  bundles ;  Cp,  Mp-s  cortical  or  medullary  bundles  respectively,  consist- 
ing of  phloem  only  ;  f,  s,  m,  4,  i ,  or  some  other  numoer,  placed  before  the  C  or  M, 
signifies  the  number  of  cortical  or  medullary  bundles  respectively;  f — few,  s^aeveial, 
m  =  many.  The  abbreviations  in  question  are  appended  to  the  name  of  the  species 
or  genus  or  tribe,  of  which  that  feature  of  the  cortical  or  medullary  bundles  expressed 
by  them  is  characteristic  ;  where  abbreviations  are  omitted,  aetailed  statements 
as  to  the  features  in  question  do  not  exist. 

I.  Medullary  bundles  alone  occur  in  :  Tribe  i.  Microlicieae :  Litkobium  cot" 
datum^  s,  Mp ;  £riocnema  acaulis,  E,  fulva,  f,  M.—Tribe  3.  Osbecldeae :  Dinopkofa 
spenneroidesy  f,  Mp;  Nerophiia  gentianoides,  f,  Mp. — ^Tribe  $.  Merianieae,  f-m,  M: 
Huberia  laurina,  H,  ovalifolia ;  Benevidesia  organensis;  Behuria  insignis ;  Addo- 
botrys  scandens  ;  Meriania  grandidens,  M.  leucaniha,  M,  Purpurea,  M.  sp€ciosa^  M, 
stlendens  ;  Graffenrieda  conostegioides,  G.  Moritziana ;  Axinaea  affinis^  A.  hpidcU^ 
A,  scutigera  ;  Calyptrella  Galeotiii,  C.  tristis  ;  Centronia  brachycera,  C.  gxcelsa. — 
Tribe  6.  Oxysporeae :  Oxyspora  paniculata,  f-s,  M,  O.  vagans  ;  Bredia  Oldkmmi.  1  M ; 
Driessenia  axantha,  i  M  ;  Ulastus  parviflorus,  f-s,  M ;  AUomorphia  exigua ;  Ockiko* 
charts  bornensis,  O.  javanica  ;  Veptecella  schizocarpa,  5  M  ;  Rousseauxia  chrytopkylia^ 
f-s,  M  ;  Kendrickia  Walkeri ;  Phornothamnus  thymoides,  i  M. — Tribe  7.  Sonerileae : 
Phyllagathis  rotundifolia ;  Calvoa  sinuata  ;  Amphiblemma  cymosum;  BritUnia  sub* 
acatilis,  i  M;  Gravesia  guttata. — Tribe  8.  Bertolonieae :  Bertoionia  mamtoraia^  B.  mi' 
randa,  B.  pubescens,  i  yl ;  Macrocentrum  cristatum,  Mp  ;  Saipinga  iangi/olim^  U  M ; 
Diplarpea  paleacea,  m,  M  ;  Monolena  ovata,  M.  primulaeflora,  s,  M ;  DioUna  mmicu- 
lata,  f,  M;  Triolena  scorpioides,  i  M. — Tribe  9.  Dissochaetcae:  Sakersia  africana^  m,M ; 
Dalenia  pidchra,  m,  M  ;  Marumia  nemorosa,  m,  M  ;  Dissachaeta  superba^  m,  M  ; 
Anplectrum,  m,  M.  cyanocarpum,  A.  pollens.  A,  rostratum  ;  Creochiton  fudibunda^ 
m,  M  ;  Omphalopus  fallax,  m,  M  ;  Carionia  elegans,  s,  M  ;  Medinilla  Curtisiu  M. 
farinosa,  f,  M,  M,  magnifica,  M,  rubicunda.  A/.  Sieboldiana,  M,  speciosa  ;  Medinil- 
lopsis  Beccariana,  M,  scssiliHora  ;  Pachycentria  constricta,  P.  tubetculaia  ;  Pogo- 
nanthera  ptdverulenta  :  Boerlagea  grandifolia. — Tribe  10.  Miconicae  :  PlalycsiUmm 
clidemioides  ;  Leandra  quinquedentata  {Oxymtris  quinquedentata),  L.  fuf^sctns  var. 
(Oxymcris  asperiuscula),  L,  scabra  ;  Calycogonium  heterophyllum,  C.  rhamncidimm^ 
C,  stellaium  ;  Pachyanthus  cubensis,  P.  oleaefolius  ;  Pterocladon  Sprucei  ;  Anaecto- 
calyx  bracteosa ;  Conostegia  clidemioides,  C.  speciosa ;  Chariantkus  couineus^ 
C.  glaherrivnus  ;  Tetrazygia  albicans,  T.  elaeagnoides,  4  M,  T,  villosa  ;  Miccmia 
cahesccns,  M,  chrysoneura,  m,  M,  M,  desmantha,  M.  metallica,  M.  magnifica,  m,  M, 
M,  Pavoniana  ;  Pleiochiton  ebracteatum,  s,  Mp ;  Catocoryne  linnaeaides^  s.  Mp ; 
Heterotrichum  macrodon,  H,  patens  ;  Tococa  formicaria,  T.  latifolia,  T,  spadidflofm  ; 
Microphysca  quadrialata ;  Maieta  guianensis,  A/.  Poeppigii,  M,  testiculata  {Cahpkysm 
testiculaia) ;  Mytmidone  macrosperma,  3  M  ;  Clidemia  blepharodts^  C.  guadmlup^nsis 
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{Satiraea  guadalupensis),  C.  hirta,  C.  impetiolaris  {CaJophysa  ptiosa),  C.  obliqua 
(Sagraea  obliqua)^  C.  plumosa  {Sagraea  plumosa) ;  Mecranium  haemanthum ;  BeUucia 
circumscissa,  B.  frossularioides  ;  Ossaea  acuminata,  O,  angustifoita,  O.  bracUata, 
O.  Uptopus,  O.  Lima,  O.  scabrosa,  O.  scalpta  {Sagraea  scalpta), — Tribe  1 1.  Blakcae  : 
Blakea,  m,  M,  anisophytla,  B,  taurifolia,  B.  paJveruIenta,  B,  pyxidanthus,  B.  repens, 

B,  rosea,  B.  trxnervia  ;  Topobea.  m,  M,  calycularis,  T,  glaberrima,  T.  longipes,  T. 
parasitica,  T.  stephanochaeta. — Tribe  12.  Astronieae:  Astronia,  m.  M.  fratema.  A, 
glabra.  A,  macropkylla,  A.  tapetaria,  A.  pileoiata,  A.  spectabiUs  ;  Beccarianikus pui- 
cher,  m,  M  ;  PUthtandra  MOttleyi,  i  Mp. 

II.  Cortical  bundles  alone  occur  in  :  Tribe  i.  Microlicieae,  4 C  :  Castratella  pilo- 
sellmdes  ;  Cafnbcssedesia  Espora,  C  laUvenosa  ;  Pyramia  piiyrophylla,  P.  salviae- 
folia,  P.  sttiatflla  ;  SUnodon  gracilis,  5.  suberosus  ;  Chaetostoma  castratum  ;  Micro- 
licta  cordata,  M,  hirsutissima,  M.  variolosa,  M.  vestita  ;  Trembleya  pityoxdes  ;  Lavot- 
siera  alha,  L.  caryophyllea,  A.  prmula,  L,  grandiflora,  L.  microphylla,  L.  nervulosa,  L. 
pulchella,  L.  pulcherrima  ;  Rhynchanthera  novemncrvia,  R.  parviflora,  R.  praUnsis, 
R,  sccundtflota,  R,  Weddcllii  ;  Siphanikera  microiicioides,  S.  paludosa  ;  PoUran- 
thera  crassipes,  P.  pauciftora  ;  tulasnea  foliosa.  — Tribe  2.  Tibouchineae,  4  C : 
Marcetia  canescetis,  M,  lattfolia,  M,  taxi/oiia,  M.  tenuifolia,  Af.  ieiraslicha, — 
Tribe  IX.  Memecyleae :  Axmandra  alata.  A,  Beccariana,  A.  coriacea.  A,  xeylanica. 

III.  Medullar\-  and  cortical  bundles  are  present  in:  Tribe  i.  Microlicieae: 
Bucquetta  gluttw^sa,  i  Mp-f-4  C  ;  Centradenia  floribunda,  C.  rosea,  i  M,  or  i  Mp  +  4  C. 
— Tnbe  2.  Tibouchineae  :  Actsanthera  hedyotidea.  A,  punctatissima.  A,  quadraia^ 
A.  recuria  ;  Heetia  rosea,  H,  subtriplinervia,  H.  unduiata,  m,  M  ;  ArthrosUmma 
campanulare,  A.  Galeottianum,  A,  glometatum,  s.  C,  .'f .  herbaceum,  s,  C,  A .  ladanoides, 
A.  luUscens,  f,  M,  A.  Martiustanum,  i  M  ;  Emeslia  tenella  :  A ppendicularia  thymi- 
folia  ;  Sepsera  aquatica,  i  M  ;  DesmosceJis  villosa,  i,  M  ;  Microlepis  oleae folia,  m,  M  ; 
Brachyotum  Benihamianum  ;  Svitramia  pidchra  ;  Macairea  m,  M«  adenostemon^ 
M.  stylosa  ;  PUtogastra  divaricata,  i,  M  ;  Schwackaea  cupheoides  ;  Pterolepis  versi- 
color •  Tihouchina,  m,  M,  Candolleana,  T.  Fontanesii,  T,  heteromalla,  s,C.  T,  macrantha^ 
T.  petu'lafti  :  Purpurella  albi flora,  m,  Mp  ;  Chaetolepis  alpina,  C.  cubensis,  C.  Lin- 
deniana,  C.  microphylla,  C.  saiureioides,  i  M  :  Comolia  Martiana,  f,  Mp,  C.  ovaiifolia^ 

C,  Sertulafia,  C.  stenodon,  C,  vtsctdula  ;  Aciotis  acutifiora  ;  in  all  4  t  is  the  rule. — 
Tribe  3.  CHbcckieae:  Osbeckta  chtnensis,  4  C,  O.  nepalensis,  s,  C-«>m.  M  ;  Guyonia 
tenella,  4  C  ;  Otanthera,  4  C,  crinita,  i,  M,  O.  cyanotdes  ;  Tristemma  htrtum,  m,  M  ; 
Aniheroioma  S'audinii,  4C  ;  Dissohs  debilis,  1-2  M  ;  Melastoma,  4  C,  malabaihricum^ 
M.  n<>rmale,  M,  repens  ;    Dichaetanthera  asperrima,  m,  M,  D,  lattfolia,  m,  M  +  s,  C, 

D,  madagjscariensts,  i,  M.  D,  rosea,  m,  M  ;  Dionyckia  Bojerii,  4  C  •*-  m.  M  ;  Rhodo- 
sepala  erecta,  f.  Mp  ;  Barbeyastrum  corymbosum,  s,  Mp. — Tribe  4.  Rhexieac  :  Rkexia, 
s.  C  +  f-i  Mp,  mariana,  R.  virginica  ;  Monochaetum,  4  C,  Bonplandi,  i-s,  M  or  Mp. 
M.  meriilense,  i  Mp,  M,  umbellatum, — Tribe  5.  Merianieae :  Acantkeila  Sprucei, 
4  C  -t  s,  M  or  s.  Mp. — Tribe  6.  Ox>'sporeae  :  Amphorocalyx  multiflorus,  s,  C  +  s,  M.— 
Tnbo  (>.  Dissochactcae  :    Dicellandra  Barteri,  4  C  +  f,  M. 

IV.  Lastly,  medullar>-  and  cortical  bundles  are  wanting  in  the  following  species  : 
Tnbc  2.  Tibouchineae  :  ' Fntischta  anisosteman,  F.  caespitosa,  F.  erecta,  F.  inie- 
gr  I  folia, — Tnbo  ;.  Rhexieae  :  Opisthocentra  ciidemioides. — Tribe  6.  Oxysporeac  : 
Baftkea  chinensts';  Anenncleistus  hirsutus, — Tribe  7.  Sonerileae  :  Saneriia  begoniae- 
/Vrj.  5.  elet:ans,  5.  margaritacea,  5.  paradoxa,  S.  picta,  S.  robusta^  S.  soianoides, 
S.  tonientella  :  Phyllagathis  rotundifolia  (only  in  thin  branches) ;  Sarcapyramis 
lancf'^lata  ;  Gravesia  angustifolia,  G.  bertdonoides,  G.  Humblotii,G.  pedunculata, 
O,  primulotdes,  G,  reticulata  ;  Calvoa  sinuata  (in  thin  branches) ;  Ampkiblemma 
r\w\«uw  (in  thin  branches);  Bisglaxiovia  behurioides. — Tribe  10,  Merianieae : 
Loreva  acuti folia,  L.  ovata,  L.  Spruceana ;  Henriettea  maroniensis,  H,  Martii^ 
//.  Patfiiiana ;  HenrietUlla  lateriflora,  H.  parviflora,  H.  trachypkylla ;  Ossaea 
mur  ^f'h\Ua  :  Myriasporadecipiens,  M,  egensis,— Tnhe  12,  Astronieae:  Pternandra 
capttt'Iiata,  P.  cvanea,  P.  latifolia  ;  Kibessia  acuminata,  K,  aiurea,  K.  cordata, 
K.  lupuijns,  K.  fuliginosa,  K.  galeata  {Rectomitra  gaieata),  K.  Korthalsiana  {Recto- 
mttra  cytJata),  K.  simplex,  K.  subulata,  K.  tuberculata  {Rectomitra  tuberculata). — 
Tril>c  I  ;.  Mcmccvleae :  Mouriria  abnormis,  M.  acutifiora,  M,  angustifolia,  M, 
Apifanca,  M,  arborea.  A/,  brevipes,  M,  cauliflora,  M.  crasstfolta,  M.  elliptica,  M. 
emarctfiata,  M.  Gardnert,  M.  guianensis,  M.  lanceolata,  M.  panifolia^  M.  pauciftora^ 
M.  pnnceps,  M,  Pusa,  M,  Sagotiana,  M.  Sideroxylon,  M.  spatkulata,  M.  VaUniue- 
tana.    A/,    vernuosa ;     Memecyion   acuminaium^   M.   amplexicauU.  M,  mngulahem. 
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Af.  angustifalium,  M,  Amotiianum,  M.  australe^  Af.  caeruUum^  M.  cmpUMmtmm^ 
M.  clausiflarum,  Af.  cordatum,  Af .  costatum,  Af .  Cumingianump  M.  cuntmhum^  M. 
depressum^  Af .  dolichophyllum,  Af .  dumosum,  M.  eduU^  M.  EkiMgni^  M.  MipHcwm^ 

M.ex "'   •  "  -  -.     -      - 


.  excelsum,  M.  fasciculare,  M.  ferreum,  Af .  fuscescens^  Af .  garciniaideSt  M. 
A/,  grande  var.  Khasiana^  M,  GriffUkianum^  M.  heteropUuron^  M.  Htyngmmmm^ 
Af .  Hookeri,  M,  itUermedium,  M.  laeuiftUum^  Af .  la%mnum^  Af.  Uucanikum^  M.  ^Um- 
cinum,  Af .  luUscens,  M.  melastomoides,  Af .  mvricaides,  M.  myrsinoides^  Af.  aUatfoHmm. 
Af .  oiigoneuron,  Af .  orbiculare,  Af .  paniculaium,  Af .  farvifolium^  Af.  prnmcifionam^ 
Af .  phylianihifolium,  M,  polyanthemos,  Af .  prasinum,  M.  Pf$slianum^  Aff  •  mmtclMM, 
Af .  rhinophyUum,  Af .  rostraium,  Af .  scuUUaium,  M,  Spatkandra^  Af .  sphmsrocmrpMm^ 
Af .  5/rumo5Mm,  Af .  sylvaticum,  Af .  Thomsani,  Af .  tinctortum^  Af .  trinsrve^  M.  ulopUnam^ 
Af .  vartatis,  Af .  Ki/tViwe,  Af .  Vogelii. 

If  the  above  statements  are  examined,  it  will  be  found  that,  accordioff  to  the 
investigations  hitherto  made,  the  occurrence  of  medullary  or  of  cortical  bandies  only, 
as  well  as  the  simultaneous  absence  or  occurrence  of  medullary  and  cortical  bnndki 
is,  as  a  rule,  important  for  generic  diagnoos,  or  even  for  the  diagnoss  of  the 
tribes,  inasmuch  as  one  of  the  anatomical  features  in  questioa  predooiiiiatet 
in  certain  tribes.  Medullary  bundles  alone,  although  not  without  exceptiofi, 
are  characteristic  of  the  tribes  Merianieae,  Oxysporeae,  Bertolomeae  (here  witboot 
a  known  exception),  Dissochaeteae,  Miconieae,  Blakeae  (here  wiHiont  a  known 
exception)  and  of  those  Astronieae  which  possess  no  intencylary  phdoem.  In  the 
same  way  the  exclusive  occurrence  of  cortical  bundles  dintingwishes  the  tribe 
Microlideae.  The  simultaneous  occurrence  of  medullary  and  cortical  bondlee  may 
be  taken  as  a  characteristic  of  the  Tibouchineae,  Osbeckieae,  and  Rhexieae.  The 
absence  of  both  is  chiefly  confined  to  the  Sonerileae,  a  portion  of  the  Kficcmieae,  and 
to  those  Astronieae  and  Memecyleae  which  possess  intorxylary  phloem. 

In  connexion  with  the  detailed  discussion  of  the  medullary  and  cortical 
bundles,  the  occurrence  of  interxylary  phloem  in  certain  UCelastoinaceoiis 

fenera  belonging  to  the  tribes  Astronieae  and  Memecyleae,  may  be  mentioned, 
t  was  first  observed  by  me  in  Memecylon^  Mouriria^  and  Kibessta^  and  recently 
by  Van  Tieghem  also  in  Pternandra,  From  the  systematic  point  of  view  it 
should  perhaps  be  pointed  out  that  Astronia^  Beccarianihus^  Pldkimndrm^  and 
Axinandra  have  wood  with  normal  structure,  so  that  interxylary  |^ocm 
does  not  represent  a  tribal  peculiarity  of  the  Astronieae  and  Hemecjieae. 
On  the  other  hand,  the  occurrence  of  interxylary  phloem  appears  to  be 
constant  in  the  four  genera  named,  for  it  has  been  demonstrated  in 
all  the  species  of  the  genera  in  question  quoted  above  in  the  discussion 
of  the  medullary  and  cortical  bundles.  According  to  the  researches  of 
Lignier  and  Van  Tieghem,  the  interxylary  groups  of  soft  bast  in  Memeeybm^ 
Mouriria^  Kibessia^  and  Ptermandra  originate  in  just  the  same  manner  as  in 
Strychnos.  The  groups  of  soft  bast  are  given  of!  externally  by  the  cambium ; 
the  activity  of  the  strips  of  cambium  situated  between  the  external  groups 
of  soft  bast  and  the  wood  ceases,  and  becomes  replaced  by  cambial  tissue, 
which  arises  on  the  outer  side  of  the  groups  of  soft  bast,  and  again  com- 
pletes the  cambium-ring. 

No  other  anomalies  occur  in  the  structure  of  the  stem  in  this  Order, 
besides  those  already  referred  to,  viz.  bicollateral  structure  of  the  vascular 
bundles,  medullary  and  cortical  bundles,  interxylary  phloem. 

Regarding  the  structure  of  the  wood,  the  following  statements  are  based  on 
my  earlier  preliminary  investigations '.  The  medullary  rays  in  a  transverse 
section  of  the  wood  are  never  broad,  but  only  uni-  or  bi-seriate,  and  the  vessels 
do  not  generally  have  wide  lumina  (maximum  diameter  -  04-07  nun.) ;  it  is  only 
in  the  climbing  species,  e.g.  in  Dyssochaete  sagiUata^  that  the  diameter  of  the 


>  The  following  plaaU  were  inTcttif^ted :    ipeciet  of  the  geocn  A^kjnuAsm/J^grm,  OslwriM, 
Fkexia^  Meriania^  Oxyspora^  Somrila,  Medinilla,  Ossata^  and  Blakea,  Amoog  the  IT  ~ 
AUronia  and  Kibtssia  among  Uie  Astronieae,  and  Ahuriria  and  Memecy/on  amoog  the  \ 
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vessels  attains  -3  mm.,  according  to  Schenck's  statement.  The  nature  of  the 
pitting  on  the  waUs  of  the  vessels,  where  they  are  in  contact  with  parenchyma, 
varies.  In  the  Melastomeae,  simple  pits  commonly  occur  on  these  parts  of  the 
wall,  e.g.  in  MediniUa  and  Rhynckantkera^  or  one  finds  bordered  pits,  which  pass 
over  into  simple  pits  ;  in  the  Memecyleae,  bordered  pitting  is  present  at  tnese 
points ;  in  the  Astronieae  investigated,  simple  pitting.  The  bordered  pits  of  the 
vessels  sometimes  possess  the  sieve  pit-Uke  structure  discovered  by  Jdnsson 
Ispecies  of  Astrania^  Blakea^  MediniUa^  Meriania^  Osbeckia^  Ossaea^  Oxyspora^ 
lOi^xia,  Rhynchantheray  Sonerila).  The  perforations  of  the  vessels  are  always 
simple.  The  wood-parenchyma  occurs  in  the  neighbourhood  of  the  vessels  and  is 
usually  not  conspicuously  developed  ;  sometimes,  e.g.  in  Mouriria^  it  occurs  in 
greater  abundance  and  is  also  present  among  the  prosenchymatous  elements.  The 
pitting  of  the  wood-prosenchyma  varies.  Further  research  is  required  to  deter- 
mine whether  this  character  is  of  value  for  the  diagnosis  of  the  tribes  or  of  the 
genera  only.  In  the  Melastomeae  which  I  investigated,  the  wood-prosenchyma 
always  bears  simple  pits  ;  occasionally  {Sonerila  elegans)^  however,  the  pits  have 
quite  a  narrow  border.  This  prosenchyma  with  simple  pits  frequently  proved  to 
be  septate,  by  means  of  delicate  cross-walls,  in  almost  all  members  of  the  Mela- 
stomeae investigated  (except  Rhexia  virginica^  L.).  The  Memecyleae  cited  below 
have  wood-prosenchyma  bearing  bordered  pits,  though  the  latter  are  not  abun- 
dant. Among  the  Astronieae,  Astronia  agrees  with  the  Melastomeae  in  having 
wood-prosenchyma  with  simple  pits  and  occasional  septa,  whilst  Kibcssia 
agrees  with  the  Memecyleae  in  possessing  prosenchyma  with  bordered  pits. 

Van  Tieghem's  investigations  fiimish  information  regarding  the  structure 
of  the  cortex.  In  a  certain  number  of  the  genera  the  cork  arises  superficially,  in 
others  deeply  in  the  interior  of  the  cortical  tissue — in  the  •  pericycle.' 

In  the  fixtt  case,  where  superficial  cork-formation  takes  place,  the  outermost  cell- 
layer  of  the  primary  cortex  as  a  rule  becomes  the  phellogen  :  e.g.  in  Adelohotrys  of 
the  tribe  Merianieae ;  in  Blastus,  Bredia,  Kendrichia^  and  Oxyspora  of  the  tribe 
Oxytporeae ;  in  Calvoa  of  the  tribe  Sonerileae  ;  in  Bertoionia  and  Salpinga  of  the 
tribe  Sertokmieae  ;  in  Boerlagea,  Cariania,  Dalenia,  MsdiniUa^  and  'Packyc$fUHa  of 
the  tribe  Distochaeteae  ;  in  most  of  the  Miconieae,  namely,  in  Calycoganium,  Ckan* 
mnikus,  Clidsmuk^  ConosUgia^  Heterotrichum^  Mecranium^  Miccnia^  Micropkysca^ 
Ossasm^  PMchvmnikus,  Plaiycentrum,  and  Tetraiygia,  also  in  HenristUa^  HenwuUsUa^ 
Lartym^  and  Afyriaspora  ;  in  the  genera  Blakea  and  Tafiobea  of  the  Blakeae  ;  lastly, 
in  PUtkiandra  and  Beccarianthus  among  the  Astronieae.  In  Astronia  (Astronieae) 
the  cork-cambiom  originates  in  the  second  cell-layer  of  the  cortex,  in  Dipiarp^a 
(tribe  Bertolonieae),  Amf>kihlemma  (tribe  Sonenleae)  and  Mediniiiopsis  (tribe 
Dissochaeteae)  in  the  epiaermis.  On  the  other  hand,  a  more  or  less  deeply  seated 
cell-Uyer  of  the  pericycle  becomes  the  cork-cambium  in  the  Microlideae,  in  the 
Tibouchineae  and  Osbeckieae,  in  Benevidesia,  Calyptreila^  Centronia^  and  M$riania 
of  the  tribe  Merianieae,  in  Amphofocalyx^  AntrincUistus^  and  Ocktkockaris  of  the 
tribe  Oxysporeae,  in  Sakersia,  of  the  tribe  Dissochaeteae,  in  some  few  Biiconieae 
namely,  m  Calopkysa,  Octopieura,  and  Safraea,  in  the  genera  Rtctomitra  and  Kibissia 
of  the  Astronieae,  and  lastly,  in  MemecyUm  and  Mouriria  of  the  Memecyleae. 

The  structure  of  the  cork-cells  varies.  Van  Tieghem  describes  cork-cells 
with  one-sided  thickenings  on  the  inner  tangential  walls  in  Astronia^  Dickactan' 
tkera^  HenritUea^  and  Mouriria,  In  many  cases  the  cork  is  homogeneous,  i.e. 
composed  of  cork-cells  of  uniform  nature,  e.g.  in  Dissotis.  In  others  the  cork 
consists  of  alternating  layers  of  flat  and  high  quadrangular  cells,  as  seen  in  a 
transverse  section  of  the  branch,  e.g.  in  Barbryastrum,  in  many  Osbeckieae,  in 
Tibouchineae  (Cornelia^  Heeria,  Marcetia^  PUroUpis,  Tibouckina)  and  MicroUcieae 
(Microlicia^  Lavoisicra). 

In  connexion  with  cork-formation,  we  may  mention  the  occurrence  of 
aerenchyma  in  a  few  marsh-plants,  as  described  by  H.  Schenck,  namely  in  Rhyn^ 
ehanihtra  dickoioma^  DC.,  K,  cordaia,  DC.,  and  Acisanihcra  variabilis^  Triana. 


368  MELASTOMACEAE 

This  tissue,  which,  as  is  well  known,  is  homologous  with  the  cork  as  r^ards  its 
origin,  consists  of  unsuberized  cells  with  delicate  walls,  and  by  virtue  of  its 
intercellular  spaces  functions  as  a  reservoir  of  air.  It  is  found  on  the  sab- 
merged  portions  of  the  stem  and  the  older  roots  of  the  plants  named ;  it  takes 
its  origin  in  the  pericycle. 

The  primary  cortex  presents  no  special  anatomical  features.  The  foUowii^ 
points  alone  require  notice  :  the  frequent  occurrence  in  this  tissue  of  stone-cdb 
or  of  groups  of  these  elements  (e.g.  in  Adelobotrys^  Axinaea^  Bartkea^  Blmku^ 
Blastus^  CetUronia^  Graffenrieda^  Huberia^  Meriania^  Myriaspara  egensis^  Ossmm 
bracteata^  O.  micropkylla,  Oxyspora^  Pachyanthus  oleaefolius^  PackycefUrim  com- 
stnUa^  P.  tuberculata^  Pogonanihera  pulverulenia^  Tdrarygia  villosa)  and  the 
presence  of  a  ring  of  stone-cells,  which  is  Ukewise  not  uncommon  (eu^.  in  Cw¥h 
stegia  speciosa,  Dissochaeta  superba^  Marumia  muscosa^  M.  nemorosa,  Mecrmmtm 
haemanlhum,  Myriaspara  decipiens^  Ompkalopus  faUax).  The  sclermchsnnatoos 
cells  of  the  cortex  just  referred  to  are  occasionaUy  not  thickened  on  all  sideSi 
but  only  in  the  form  of  a  U. 

The  inner  boundary  of  the  primary  cortex  is  formed  by  an  endodermis, 
which  is  usually  well  marked.  A  composite  and  continuous  sclerenchymatons 
ring,  which  frequently  occurs  at  the  outer  Umit  of  the  bast  in  other  Orden^  has 
not  been  observed  in  any  member  of  the  Melastomaceae.  Regarding  the 
usual  structure  of  the  enaodermis  in  the  Order,  Van  Tieghem  says:  *\jta- 
doderme  ...  est  habituellement  form^  de  cellules  plates  k  parois  minoes  et 
munies  latdralement  de  plissements  lignifife.'  MacrocetUrum  crtstaium  is  charac* 
terized  by  an  endodermis  with  cells  of  considerable  size.  Cells  with  thin  walls 
are  common,  more  rarely  the  endodermis  is  composed  of  cells  thickened  oo  all 
sides  (Allomorphia\  or  cells  thickened  in  the  form  of  a  U  (AnerincleistMS. 
Calapkysa^  Dichaetanthtra^  Kibessia^  Memccylon^  Mouriria^  Rectomiira).  On  the 
inner  side  of  the  endodermis  the  pericycle  first  follows  and  then  the  bast- 
tissue.  The  pericycle  consists  of  a  varying  number  of  layers  of  cells.  It  some- 
times (Blakea,  species  of  HenrietteUa^  species  of  Lareya,  Kibessia,  Memecykm^ 
Plethiandra,  Topobea)  contains  a  few  bast-fibres  ;  in  CreochiUm  cells  thickened 
in  the  form  of  a  U  are  present ;  in  CalyptreUa^  Centrania,  and  Merisnim  the 
pericycle  is  differentiated  as  sclerench)nna.  There  is  nothing  special  to  re- 
mark concerning  the  secondary  bast. 

As  regards  the  crystalline  elements  in  the  axis  we  may  refer  to  the  state- 
ments in  the  section  on  the  leaf-structure. 

The  pith  consists  of  unlignified  or  lignified  cells  and  frequently  includes 
stone-cells  or  occasionally  (Topobea)  scattered  fibrous  cells. 
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LYTHRARIEAE. 

I.  Review  of  the  Anatomical  Features.  This  Order  is  distinguished 
by  the  bicollateral  structure  of  the  vascular  bundles.  The  following  features  are 
characteristic  :  (i)  as  regards  the  structure  of  the  wood  :  the  narrow  medullary 
ra>-s,  the  vessels  wth  simple  perforations  and  the  wood-prosenchyma  which 
bears  simple  pits  and  is  septate,  in  the  cases  investigated  ;  (2)  as  regards  the 
structure  of  the  cortex  :  the  lack  of  a  continuous  scTerenchymatous  ring»  and 
the  internal  development  of  the  cork  {Olinia  excepted,  in  which  the  cork-cam- 
bium  arises  subepidermally) ;  in  most  cases  it  is  formed  in  a  pericycUc 
layer  situated  on  the  inner  side  of  isolated  groups  of  bast-fibres,  rarely  {Lafoensia) 
in  the  middle  of  the  primary  cortex.  A  definite  type  of  stoma  is  wanting ; 
the  stomata  are  surrounded  by  a  varied  number  of  ordinary  epidermal  ceus, 
which  are  not  orientated  in  any  special  way.  The  occurrence  of  mucilamious 
epidermal  cells  in  the  leaf  is  a  very  widely  spread  phenomenon  in  the  Order  ; 
more  rarely  (Sonnaratia)  mucilaginous  cells  also  occur  in  the  mesophyll.  Apart 
from  these,  st'cretorv*  receptacles  are  absent,  except  in  HeUropyxts  and  Cupkea 
anagdlloidca^  St.  Hil.,  where  secretory  cavities  occur.  Oxalate  of  lime  is 
usually  excreted  in  the  form  of  clustered  and  solitary  crystals  ;  the  clustered 
crystals  as  a  rule  predominate.  Styloids  are  of  isolated  occurrence  {CrypUronia), 
The  hair\'  covering  (Fig.  80)  is  varied  ;  there  are  simple  unicellular  or  uniseriate 
hairs,  tufted  hairs  (La^erstro^mia),  shag^  hairs  with  a  purely  mechanical 
function  or  uith  a  glandular  head  or  oase  (Cuphea);  spherical  glandular 
hairs,  which  are  sunk  in  pits  on  the  lower  side  of  the  leaf  and  contain  an  inter- 
cellular s()ace  tilled  with  secretion,  are  present  in  Adenaria^  GrisUa^  and 
Woiydfordid.  In  conclusion  we  may  refer  to  the  follo^^ing  points  as  special 
features,  which  may  be  utilized  for  detailed  anatomical  diagnosis  :  hypo- 
<ierm  m  the  leaf  (CrypUronia) ;  cuticular  ridges  on  the  epidermis  of  the 
leaf  (Diidban^a) ;  (xipillose  epidermis  on  the  lower  side  of  the  leaf  (Duabanga) ; 
branched  spicular  cells  in  the  mesophyll  and  cortical  parench>'ma  (Sonntratia) ; 
medullary  groujK  of  prosench\Tnatous  cells  (CrypUronia^  Duabanga^  Sonneratia) ; 
grou[is  of  thin-wailed  unhgnitied  sacs,  concentrically  arranged  in  the  wood  and 
contaming  solitary  cr\-stals  (Olinia) ;  islands  of  soft  bast  in  the  wood  of  the 
root  (Lythrum) ;  formation  of  a^renchjina. 

-:.  Structure  of  the  Leaf.  A  comprehensive  investigation  of  the  leaf- 
>tructure  has  not  yet  been  carried  out.  The  following  account  is  chiefly  based 
on  my  ou-n  casual  investigation  of  Ammania  UUifolia^  L.,  Wooifordia  flori- 
hunJj,  Salisb.,  var.  ^  glahrata^  Lythrum  Salicaria^  L.,  Lafoensia  punicaefolia^ 
l>  ..  CrxpUronia  glabra^  Endl.,  Lagerstroemia  ftoribunda^  Jack,  and  Olinia 
t-\'W"\M.  Thunb.,  as  well  as  on  Niedenzu's  statements  regarding  the  leaf-structure 
of  thf  three  genera  classed  together  by  him  as  the  Order  Blattiaceae,  vii.  Son- 
pwrjtij  ( =  Blatii  in  Niedenzu's  work),  Uuabanga  and  CryHeronia^  and  also  of  the 
ci'iui^  Pttnicd,  which  is  regarded  as  forming  a  separate  6rdcr — Puniceae. 

The  leaf -structure  is  bifacial  or  centric.  A  special  type  of  stoma  is  wanting  ; 
xUr  {^ir  of  guard-cells  is  surrounded  by  an  indefinite  number  of  irregulany 
(»ru'iuated,  ordinary  epidermal  cells.  Not  uncommonly  the  stomata  occur  on 
N>th  ^i<les  of  the  leaf,  e.g.  in  Lythrum  Salicaria  and  Sonneratia  adda^  L.  f.  In 
tht*  -jHTios  last  mentioned  the  stomata  are  deeply  depressed.  The  occurrence 
( )t  nuu  ilacinous  epidermal  cells  is  very  widely  distributed.  Radlkofer  mentioned 
tluir  presence  in  Peplis  Portula  andf  Lythrum  Salicaria  in  his  first  pmbUcation 
on  mucilaginous  epidermal  cells  (Monogr.  von  SerjaniA,  1875).  Then  followed 
liokorny'^  statement  as  to  the  presence  of  mucilaginous  cells  in  both  upper  and 
JiiwiT  epidermis  in  Ammannia  glauca^  Wall.,  Luphea  amagaUoidea^  St.  IU\^ 
and  Diplusodon  ovaius,  Pohl ;    I  have  likewise  found  them  in  the  spedes  of 
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Ammanniay  Lafoensia^  Lagetstroemia^  and  Woodfordia  mentioned  abm 
A  somewhat  coUenchymatous  hypoderm  consisting  of  one  layer  is  devdop 
on  the  upper  side  of  the  leaf  in  CrypUronia  glabra,  Cuticular  ridges  are  icn 
on  the  upper  side  of  the  leaf  in  Duabanga  ;  in  the  same  genus  the  eindermald 
on  the  lower  side  of  the  leaf  are  produced  into  long  mammilliform  papillae.  1 
Sonneratiay  according  to  Schimper,  the  middle  of  the  leaf  is  occupied  by  ^ 
walled  colourless  aqueous  tissue,  in  which  branched  sclerenchymatous  cri 
(spicular  cells)  occur,  while  the  assimilatory  tissue  contains  numerous  In 
mucilage-cells.  Special  secretory  receptacles  are  wanting  in  most  membos 
the  Order.    The  only  exceptions  are  afforded  by  Cuphea  anagalloidea^  St  H 


A 


Fig.  8o.    Form*  of  trichomes  of  the  Lythrarieae.    A,  B,  ShAOT  **■ 
base ;  the  latter  cut  transversely  in  B.    c,  Tnchome  of  CtiMgm  affHuUcmUiOy  Bentb.     d,  Sectioa  of  %i\ 


gland  of  Wooe^fordiafloribunioy  Salisb.'— A,  B,  after  Martioet,  C,'o,  OrigioaL 


(but  not  by  the  closely  related  species,  C.  pascuarum^  Mart.)  and  the  anomalo 
genus  HeteropyxiSy  in  both  of  which  secretory  cavities  occur  ;  these  are  provid 
with  an  epithelium  in  the  first  species,  but  in  Heteropyxis  they  arise  lysigenoos 
(according  to  Engler).  The  cavities  give  rise  to  transparent  dots  in  the  !c 
In  the  leaf,  and  also  in  the  axis,  oxalate  of  lime  is,  as  a  rule,  differentiated 
the  form  of  clustered  crystals.  In  most  members  of  the  Order  investigated  1 
me  and  cited  above,  clustered  crystals  occur  abundantly  in  the  veins ;  oe 
now  and  then  a  solitary  crystal  replaces  a  clustered  crystal.  Lagerstrom 
fioribunda  and  Olinia  cymosa  are  exceptional,  in  having  solitary  crystals,  whi 
arc  present  in  unusual  abundance,  and  are  situated  in  the  veins  in  the  first  specy 
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in  the  bast  of  the  branch  in  the  other  species.  Idioblasts,  occupied  by  solitary 
crystals,  are  found  in  the  mesophyll  of  Punica  Granatum ;  styloids  occur  in 
the  inner  and  outer  phloem  of  the  axis  of  CrypUronia^  while  in  the  leaf  there  are 
only  clustered  crystals.  We  may  now  describe  the  hairy  covering.  Firstly, 
simple,  conical,  one  or  two-celled  hairs  occur  in  Lytkrum  Salicaria.  I  have 
met  with  simple,  few-celled,  uniseriate  hairs  in  Woodfordia^  and  tufted  hairs 
with  a  short  uniseriate  stalk  on  the  branches  of  Lagerstroemia  floribunia. 
Shaggy  hairs  of  two  forms  were  observed  in  Cupfua ;  they  are  either  simply 
mechanical,  consisting  of  fairly  thick-walled  cells,  e.g.  in  Cupkea  appendiculata^ 
Benth.,  or  they  have  a  glandular  function,  the  hair  being  composed  of  thin- 
walled  cells  and  surmounted  by  a  multicellular  glandular  head  (Cupkea  ana^al' 
loidea,  St.  Hil.,  and  C.  pascuorum^  Mart.).  With  the  latter  type  we  may  class 
the    long,   conical,   multiseriate,  shaggy  hairs  (Fi£.  80,  i4-B),  observed  by 

weU-li 


Martinet  in  Cupkea  lanceolata^  and  recalling  the  weU-known  glandular  shaggy 
hairs  of  Dictamnus ;  they  consist  of  elongated  cells  and  their  basal  portion 
encloses  a  central  glandular  group  of  numerous  small  isodiametric  cells.  The 
species  Cupkea  appendictdata  mentioned  above  also  possesses  simple  unicellular 
hairs  (Fig.  80,  C)  of  a  characteristic  type  ;  they  are  placed  obliquely  or  almost 
parallel  to  the  surface  of  the  leaf  and  anse  from  an  epidermal  cell  which  appears 
elliptical  in  ♦surface-\iew ;  they  sometimes  show  a  tendency  to  differentiation 
into  a  two-armed  form,  and  possess  a  strongly  thickened  silicified  membrane 
furnished  with  small  knobs  or  warts.  Finajfy,  we  may  mention  the  black 
glandular  dots,  which  Bentham  and  Hooker  and  others  have  described  as  oc- 
curring on  the  lower  side  of  the  leaf  in  the  three  genera  Adenaria^  Grislea^  and 
Wood  fordid  '.  I  have  been  able  to  examine  them  in  Woodfardia  floribunda^ 
Jvilish.  and  Adenaria  floribunda,  H.  B.  K.,  and  have  found  that  they  are  due  to 
<t'v^ile,  spherical,  glandular  hairs  (Fig.  80,  £>),  which  are  sunk  in  pits  on  the  lower 
sid<»  of  the  leaf.  The  wall  of  these  hairs  consists  of  a  single  layer  of  flat 
crll<,  jx>ssessing  a  polygonal  outline  in  surface-\iew ;  internal  to  this  there  is 
a  hirpe  mtercellular  secretory  space. 

3.  Stricti-re  of  the  Axis.  Since  the  discovery  (made  almost  simul- 
taneously by  Sanio  and  Dr.  Fr.  Schreiber)  of  the  bicoUateral  structure  of  the 
vascular  bundles  in  the  Ljrthrarieae  (especially  in  Lytkrum  Salicaria)^  a  con- 
siderable number  of  species  have  been  investigated,  and  intraxylary  soft  bast 
has  been  met  uith  in  all  cases  :  e.g.  by  Petersen  in  species  of  Cupkea^  Ammannia^ 
Peplis ',  Lagcrstroemia^  Lawsonia^  Nesaea^  and  Punica^  by  me  in  species  of 
La^ersirocmia^  Lafoensia^  and  Olinia^  and  by  Niedenzu  in  the  Blattiaceous  genera 
Sonncratid,  Duabanga^  and  Crypteronia,  The  differentiation  of  this  tissue  in 
the  individual  species  exhibits  little  variation,  but  it  may  be  noted  that  the 
inntT  soft  bast  occasionally  (e.g.  in  Lagerstroemia  indica)  grows  in  thickness  by 
means  of  a  cambium. 

With  regard  to  the  structure  of  the  pith  we  may  speciaUy  point  out  the 
(H-eurrence  of  groups  of  prosenchymatous  cells  (mentioned  by  Niedenxu)  in  the 
pit  h.  in  the  genera  of  Blattiaceae.  These  groups  are  sp)ecially  clear  in  Duabanga  ; 
in  Sotttwratia  they  are  less  distinct  on  account  of  the  thinness  of  their  cell-wa&s  ; 
in  ( 'rypUfonia  they  have  very  thick  walls  and  are  frequently  scattered,  but  often 
al^o  (Kcur  in  bundles.  The  pith  of  Punica  Granatum  is  reticulately  hetero- 
t:t  ne(»us  (Mento\ich). 

The  following  remarks  on  the  structure  of  the  wood  are  chiefly  based  on 
my  investigation  of  species  of  the  genera  Lagerstroemia^  Lafoensia^  blinia^  and 


*  Acconlinc  to  KAhne  (Mooogr.  der  LTthnrieM,  in  Eof  ler*i  BoL  Tahrb^)  dou  of  this  kind  alto 
•  •ccDr  in  lagerstroemia  mtaJ^igmuanimsis,  mk.  ind  L.ptmttmta^  BL ;  the  incliisioQ  of  thcK  tpedes  in 
thr  ^'enuft  J  d^rUrotmia  tbiif  reqniret  (wther  contidcnitioQ. 

'  In  /V/.'ij  Icrtm/a,  according  to  H.  Sdicnck,  in  the  land-fonn  at  weH  at  in  the  watcr^fonn. 
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Punica.  The  medullary  rays  are  narrow  and  only  uni-  or  bi-seriate  (also  in 
Lythrum  Salicaria^  according  to  Herbst,  and  in  the  Blattiaceae,  according  to 
Niedenzu).  The  lumina  of  the  vessels  vary  in  width  (maximum  diameter- 
•066—15  mm.) ;  their  perforations  are  simple,  circular  or  elliptical  (also  in  the 
Blattiaceae,  according  to  Niedenzu).  In  contact  with  psurenchyma  of  the 
medullary  rays  the  walls  of  the  vessels  either  bear  bordered  (CrytieroniA, 
Lafoensia^  Oltnia^  Punica),  or  simple  pits  (Lagers^oemia),  The  wooa«proseo- 
chyma  has  simple  pits  ;  thin  division-walls  were  observed  in  these  elements  in 
the  species  of  the  four  genera  I  examined.  The  wood  of  Olinia  presents 
a  specially  noteworthy  feature,  as  it  includes  unlignified  groups  of  parenchy- 
matous cells  containing  solitary  crystals  and  arranged  concentrically. 

Hie  following  account  of  the  structure  of  the  cortex  is  based  on  my  own 
investigation  of  Lafoensia  punicaefolia^  Lagerstroemia  fionbunda^  Olinia  cymouL, 
and  Punica  Granatum,  as  well  as  on  the  statements  in  the  literature. 

In  Sonntratia  and  Olinia  the  primary  cortex  contains  spicular  cells.  In 
Olinia  cytnosa  they  are  elongated  like  short  fibres :  they  have  more  or  less 
thick  walls  ^%ith  corresponding  variation  in  the  width  of  the  lumina,  and  are 
only  slightly  branched.  Cortical  vascular  bundles  are  wanting ;  epidermis  and 
primary  cortex  are  alone  concerned  in  the  formation  of  the  four  narrow  win^ 
which  are  found  on  the  young  branches  of  Duabanga,  CrypUrania  Cumingti^ 
Planch.,  and  Punica. 

The  outer  portion  of  the  pericycle  usually  contains  isolated  groups  of  bast- 
fibres  {Cuphea,  Lafoensia,  Lagerstroemia,  Lythrum,  Punica,  &c.) ;  more  rarely 
(Olinia,  &c.)  these  are  wanting,  and  are  sometimes  (Peplis)  replaced  by  an  endo- 
dermis. 

Development  of  cork  usually  takes  place  in  the  inner  Darenchymatoos  part 
of  the  pericycle  (in  Lagerstroemia  floribunda  and  Punica  dranatumt  and  also  in 
species  of  Ammannia,  Lagerstroemia,  Lawsonia,  Lythrum,  and  Nesaea^  according 
to  Petersen).  An  exception  to  this  is  afforded  by  Lafoensia  punicatfolia^  in 
which  the  cork-cambium  arises  in  the  middle  of  the  primary  cortex,  and  by  Olima 
cymosa,  in  which  the  subepidermal  cell-layer  becomes  the  phellogen.  In 
Lafoensia  punicaefolia  the  cork-cells  have  wide  lumina  and  tnin  walls ;  in 
Lagerstroemia  floribunda  pitted  cells  thickened  in  the  form  of  a  U  and  in  Pmmica 
celLs  with  sclerosed  inner  tangential  walls  occur  in  the  cork-tissue.  Formation 
of  aerenchyma  has  been  observed  by  H.  Schenck  in  Lythrum  Salicana^  L^ 
L.  virgatum,  L.,  Cuphea  aperta,  Kohne,  C.  Balsamona,  Cham,  et  Schlecht., 
C.  ingrata,  Cham,  et  bchlecht.,  and  in  Heimia  myrtifolia,  Cham,  et  Schlecht.  In 
the  cases  specially  investigated  the  development  of  the  aCrenchyma  is  peri- 
cyclic. 

The  secondary  bast  contains  :  bast-fibres  in  Lagerstroemia  and  Lafoensia : 
large  stone-cells  and  sacs  containing  clustered  crystals  in  Punica  Granaimm, 
the  latter  elements  being  arranged  in  concentric  circles ;  styloids  and  sderenchy- 
matous  cells,  the  latter  elongated  like  bast-fibres  and  having  numerous  pits,  in 
Crypteronia  ;  numerous  chambered  fibres  with  sohtary  crystals  in  Olinia. 

4.  Struoture  of  the  root.  The  following  features  are  of  special  interest :  ( 1)  the 
occurrence  (described  by  Fremont)  of  islands  of  soft  bast  in  the  wood  of  the  root  of 
Lythrum  Salicaria  ;  they  are  given  off  by  the  cambium  on  its  inner  side  ;  and  (2) 
the  structure  of  the  respiratory  roots  of  Sonneratia,  which  rise  up  perpendicularh* 
from  the  mud  of  the  mancrove-region  and  may  attain  a  length  of  i  ^  metres  and  'a 
thickness  of  4  cm.  According  to  Goebel  they  are  covered  by  a  number  of  thin  cork- 
lamellae,  which  are  superposed  and  consist  of  three  cell-layers  each.  The  cells  of  the 
outermost  layer  have  their  walls  rounded  off  externally,  and  are  not  suberised  ;  the 
cells  of  the  middle  layer  are  tabular  and  suberizcd ;  those  of  the  innermcKt  layer 
are  elongated  in  the  radial  direction,  rounded  off  internally  and  snberued. 
Between  each  pair  of  cork-lamellae  there  are  one,  two  or  several  layers  of  approod- 
mately  spherical  cells,  so  that  a  separation  of  the  cork-lamellae  can  take  place 
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'^  at  these  points.  The  cortex  of  the  root  of  SannsraHm^  like  the  mesof^U  and  the 
•  cortex  01  the  stem,  contains  spicolar  cells,  the  pointed  pndongations  of  which 
I    project  into  the  intarcellalar  spaces. 
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This  Order  is  characterised  anatomically  by :  the  presence  of  intraxylary 
phloem,  the  occurrence  of  bundles  of  ra|riiides  (exception :  TrapalU  tibe  laick  of 
a  special  type  of  stoma,  the  lack  of  both  mtemal  and  external  ghmas,  the  simjde 
perforations  of  the  vessels,  the  wood-prosenchyma  bearing  sim^e  pits,  and  Uie 
development  of  the  cork,  which  takes  place  deep  in  the  interior  of  the  branch. 

The  structure  of  the  leaf  and  axis  have  been  mvestigated  chiefly  l^  Pannen« 
ticr^  The  following  points  may  be  mentioned  with  rqgard  to  the  former.  The 
mesopbyll  either  shows  a  differentiation  into  palisade  and  spongy  tissue,  while 
its  structure  varies  from  bifadal  to  centric,  or  it  consists  of  a  homogmeous  loose 
parenchymatous  tissue.  The  atomata  are  surrounded  by  three  or  more  epidarmal 
cells  and  follow  the  Ranunculaceous  or  Cruciferous  type.  They  occur  either  on 
both  surfaces  of  the  leaf,  or  only  on  the  lower  side,  while  in  Trapm^  and, 
curiously  enough,  according  to  Diete,  also  in  EpUcbium  crassmt^  Ho<dc  f  •  *,  they 
are  found  only  on  the  upper  side.  I  have  met  with  mucilaginous  cpldeniial  cdls  * 
in  Jussiaea  erecia^  L.^J.repens^  L.,  and  /.  notens,  H.  et  B.,andini  m^  iMlaiis,L. 
Raphides  are  stated  by  Parmentier  to  occur  in  the  genera  EpiMnum^  Zamel^ 
neria^  Jussiaea,  LudwMa^  Gayapkytum^  CUatkim^  (kmotkerM^  FtfdksM,  Hauya^ 
Lopezia,  Gaura,  Gangylocarpus^  and  Ciraua.  In  addition  to  the  raphides, 
clastered  crystals  are  present  in  lussiaea  and  LuiwiiiM^  and  stj^ds  in  Hmiym 
eUgans  (in  the  pith,  oast,  and  leaf-tissue) ;  only  clustered  crystab  occur  in 
Traba,  chiefly  in  small  cells  arranged  in  gnmps  atnd  projectin|j[,  as  smill  roond 
bladders  with  a  broad  base,  into  the  intercellular  spaces,  with  wtddk  Trmptt^ 
like  other  waterj)lant8,  is  provided.  In  the  genera  investigated  b^  Fumentier, 
the  hairy  coveruig  consists,  in  almost  aP  cases,  sddy  of  simple  mwcellular  hairs 
of  varied  shape ;  the  dub-shaped  unirelhilar  trichomes  present  in  many  genera 
are  specially  worthy  of  notice.    Uniseriate  hairs,  consbting  of  few  ceDs,  have  been 


I  Parmentier'a  work  csUnda  to  tfit 
Cajtcphrtmrn,  Otmtikirm,  AcMa,  iAnya,  I^^ha,  Gmtm, 

*  The  leaf  of  E.  tfmsmm  has  WMal  abaeHit  wl 
paitnchyna  with  lapbidt  aact  bdowt  hMoetiM 

*  Thqe  "*  ^  Sarihlaa  8ottwi»*  wMA  P** 
tbfj  wcve,  however,  faaonecujif  ialspiilH  by 
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met  with  only  in  species  of  Fuchsia^  Jmsiaea^  and  Ludwigia ;  in  TrapA:  tf 
are  multicellular.  Glandular  hairs  are  wanting.  The  interior  of  the  secretr 
leaf-teeth  in  species  of  Epilobiutn  and  Fuchsia  consists  of  the  terminatioc 
a  vein,  with  an  epithema  which,  in  Fuchsia^  at  any  rate,  must  be  regarde: . 
modified  wood-parenchyma,  while  at  the  apex  of  the  tooth  there  is  a  iir 
water-pore  ;  in  Fmhsia  they  are  hydathodes  (Reinke,  Haberlandt). 

According  to  Petit,  the  petiole  contains  a  single  arc-shaped  vascular  bcai- 
in  the  initial  region.  The  characteristic  region  is  similarly  constituted,  or  ?> 
sesses  two  small  additional  lateral  bundles. 

Intraxylary  phloem,  mentioned  above  in  the  diagnosis  of  the  Order.  L 


Fig.  8i .    a,  Crow-section  through  an  aerial  root  of/wMMM  rtPtnt.    B,  C  Juttimam  A*»mmiamm^  L  :  ^  ra» 
section  ;  c,  radial  longitadinal  section  of  the  a€reiichyma.— A,  after  Ck>ebel,  B,  C,  after  H.  Vhrili 

been  demonstrated  by  different  authors  (Sanio,  Petersen,  Riitzou,  J.  E.  Wesa. 
Solereder,  Parmentier)  in  numerous  species  belonging  to  the  genera  Epilobt^^ 
Zatischneria,  Jussiaea,  Ludwigia,  Clarkia,  Gayophytum^  Oenothera^  Eucmaidi^ 
Fuchsia,  Hauya,  Lopezia,  Gaura,  Gongylocarpus,  Circaea,  and  Trapa.  It  sho«> 
varied  differentiation,  for  it  may  either  closely  adjoin  the  system  of  vascaia: 
bundles,  or  appear  in  the  form  of  small  medullary  groups. 

In  Oenothera  odoraia  the  inner  soft  bast  unites  to  form  an  almost  oootinooc* 
ring  at  an  early  stage.  In  other  Onagrarieae  isolated  bundles  of  phloem  appear,  aai 
are  situated  immediately  adjoining  the  inner  marnn  of  the  wood.  In  tjitutJuf* 
riparia  only  a  certain  number  of  these  isolated  phloem-bandies  sive  the  impres- 
sion of  belonging  to  the  fibro- vascular  system  ;  others  appear  to  he  rmbfiiM  la 
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the  outer  part  of  the  pith.  In  Chamaenerium  angustifolium  small  phloem-groops 
occur  immediately  internal  to  the  spiral  tracheae  of.  the  vascular  ring  and  actually 
belong  to  the  vascular  bundles  ;  but  within  these  there  is  another  zone  of  groups 
of  soft  bast,  separated  from  the  first  by  several  layers  of  cells  having  the  same 
character  as  the  cells  of  the  pith.  Lastly,  Jussiaea  acuminata  and  /.  ocUm§wia  as 
well  as  Ludwigia  altemi folia  possess  true  medullary  groups  of  soft  bast ;  in  Jussiaea 
they  are  ver>'  small,  and  frequently  smaller  in  circumference  than  a  pith-celL 

In  this  Order  {Fuchsia  fulgens^  M09.  et  Sesse,  F.  macrostemtna^  Ruiz  et  Pav.; 
Jussiaea  erecta,  L.)  a  transverse  section  of  the  wood  shows  narrow,  uni-  or  bi- 
seriate  medullary  rays  ^  and  vesseb  with  fairly  large  lumina  (in  Fuchsia  attaining 
•084  mm.  in  diameter).  The  bordered  pits  of  the  vessel-walk  have  the  sieve- 
plate-like  structure  discovered  by  Bengt  Tonsson  {Fuchsia^  Jussiaea),  In  most 
cases  simple  pits  are  found  on  the  wall  of  the  vessel  where  it  is  in  contact  with 
parenchyma  of  the  medullary  rays.  The  perforations  of  the  vessels  are  simple. 
The  wood-prosenchyma  has  wide  lumina  and  simple  pits :  in  Fuchsia  it  is  septate. 

In  the  structure  of  the  cortex  the  nature  of  the  pericycle  and  the  origin  of 
the  cork  are  of  s>'stematic  importance.  The  pericycle,  as  a  rule  (Circaea^ 
Clarkia,  Epilobium,  Fuchsia,  Gaura^  Gayophytum,  Godeiia^  Gongyhcarpus^ 
Jussiaea,  Lopezia,  Ludwigia,  Oenothera^  Zauschneria)^  contains  isolated  ^oups 
of  bast-fibres,  which  occasionally  become  united  into  an  almost  contmuous 
ring;  in  Isnardia  palustris,  a  pronounced  aquatic  type  with  a  thick  and  very 
lacunar  cortex,  there  is  a  suberized  endodermis.  The  cork  arises  on  the  inner 
side  of  the  |)ericyclic  groups  of  bast-fibres  (Clarkia,  &c.).  In  Onagrarieae 
inhabiting  marshes,  aCrenchyma,  which  is  often  strongly  developed,  is  produced 
bv  the  phellogen  in  place  of  cork.  This  aerench3rma  was  first  described  by 
iiartins  in  Jussiaea  and  subsequently  by  H.  Schenck  in  numerous  species  of 
Jussiaea,  Oocarpon  jussiaeoides,  Micheli,  Epilobium  roseum,  Retz.,  and  £. 
palustre,  L.  It  occurs  not  only  on  the  submerged  portions  of  the  stem,  but  also 
on  the  roots,  and  is  specially  well-marked  in  the  aerotropic  roots  of  Jussiaea 
re  pens,  L.  (Fig.  81),  &c. 

The  primary  cortex  is  lacunar  in  species  of  Fuchsia,  Jussiaea,  Ludwigia, 
and  Oenothera  (as  well  as  in  Isnardia),  and  especially  so  in  Trapa.  Accorcung 
to  Parmentier,  the  bast  sometimes  contains  stone-celk  in  Hauya  and  bast-fibres 
in  Fuchsia.  In  Trapa  the  pith  has  large  intercellular  spaces  ;  in  many  members 
of  the  Order,  a  partial  resorption  of  this  tissue  takes  place,  while  it  is  persistent 
in  others  (Hauya). 

In  some  Onagrarieae  interxylary  phloem  occurs  in  the  wood  of  the  stem  or 
root.  Kamaley  demonstrated  it  in  stems  of  a  certain  thickness  in  Oenothera 
tnennis,  L.,  O.  missouriensis,  Sims.,  O.  faUida,  Lindl.,  O.  rhombipeUda^  Nutt., 
and  O.  sinuata,  L. ;  J.  £.  Weiss  found  it  in  the  roots  of  Oenothera  biennis  and 
sjH'cics  of  Gaura,  and  Frtoont  also  in  the  roots  of  Oenothera  cfuciatOj  O. 
Fraseri,  O.  macrocarpa,  O.  parvi flora,  and  O.  Sellowi.  With  regard  to  the  species 
investigated  by  him,  J.  E.  Weiss  showed  that  the  innermost  islands  of  soft 
hast  in  the  wood  of  the  root  are  the  continuations  of  the  intraxylary  phloem- 
strands  of  the  stem,  while  the  remainder  are  fiven  off  by  the  cambium  on  its 
innt-r  side.  Finally,  in  Oenothera  Fraseri  and  0.  riintria,  according  to  Fr&nont, 
we  met't  with  the  rare  occurrence  of  intraxylary  pnloem  in  the  root.  According 
to  Fr6mont,  this  is  also  found  in  Epilobium  parviflorum,  but  here  the  pith  only 
arises  at  a  late  stage  by  dilatation,  and  the  intraxylary  phloem  is  likewise  only 
develojKHi  secondarily. 

Literatarr :   [liarncood,  Mem.  wxr  Taiuit.  et  Vorg.  da  Trti^  nmimm,  Paris*  i848.]^MaftiiiB, 
Kacioes  achJcre*  etc.  da  fjexkxt  Jussiaea ,  Mto.  Acad.  ic.  de  Mootpellier  186JS.]— Chaloo,  Tige* 

>  Efi/^ittm  horealf,  *  W.'  And  Oimatkerm  wnuicaia  poiMH  timiUr  rays  aocordang  to  Herbit 
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dicotylM.,  I*'  Mto.,  1867,  pp.  41,4a.— Fnuik,  Beitr.  z.  Pfluuenphjt..  Ldjpagt  l86B,£.  isa-— 
ke,  Sekretionsorg.,  Pringi^eim  Jahrb.,  Bd.  x,  1876,  pp.  143,  144  Mid  Tab.  »ii.— Uc  Buy, 
YergL  Anat.,  1877.— Amchoog,  BUdett  ftnatomi,  Minoenkrlft,  LnDd,  1878,  p.8s  cC  Mq.— J.  £. 
WeUi,  Anftt.  and  Phyt.  fleiichig-verdickt  Won.,  Flora  i88o»  pp.  97-109.*— Rttttoa,  Ob 
axeknnder,  Botanisk  Tidsskriit,  la.  Bd.,  1881,  p.  255.— Peteneii,  in  EaAa^  BoC  Jahrix  itSa, 
pp.  366-9.— J.  E.  Weiss,  in  Bot  Centralbl.  1883,  iii,  pp.  409,  410. — Sowredcr,  HolaCr«»  1885, 
PP;  137*  138.— Eiselen,  Rhaphiden,  Diss.,  Halle  a.  S.,  1888,  p.  17  et  sc(^.— H.  Schcock,  AeroMhyB, 
Pringihe*      '  *^  "^     '^^  ""'*      "    ~~'   ^  "  ~      ''"^  '^~^         "^       *_  «i.^-i        ^        .- 


_  heim  Jahrb.,  Bd.  xx,  1889,  p.  539  et  seq.— Fremont.  Tubes  cnbl^  extim-Ub^ricni  dans  U 
nuune  det  Oenoth^r^,  Journal  de  bot,  1891,  pp.  194-6. — Chodat,  in  Rep.  Congress  Genoa,  1892, 
p.  147. — Heiden,  Anat  Charakt.  d.  CombieCaoeen,  Diss.,  Erlangen,  1893,  p.  16  note.— U.  Scbcack, 
Anat.  d.  Lianen,  1893,  pp.  IK5,  156. — Raimann,  in  Natiirl.  Plianienlam.,  iiL  TeU,  AbC«  7,  189^ 
pp.  aoi  and  335.— Herbit,  Markstr.,  Bot.  CentialbL  1894,  i,  p.  353.— Haberiandt,  Tiop.  Lnsbnl 
II,  Sitz.-Ber.  Wiener  Akad,  Bd.  dv,  Abt.  i,  1895,  p.  70  and  Tab.  ii.— Ramalej,  StcoMOMtMiy 
of  certain  O.,  Minnesota  bot.  Studies,  BalL  n.  9,  1896,  pp.  674-90  and  pL  xxxTi-mnii«^Vifcbo«. 
Blattzahne,  Archiy  d.  Pharmazie,  1896,  p.  50. — Diets,  Veg.-Bioloeie  t.  Neosedand,  Eqglcr. 
Bot.  Jahrb.,  Bd.  xxii,  1896,  pp.  37a  and  377,  Fig.  6  C. — Parmentier,  Kech.  anat  et  taxia«  tar  Ics 
Oenoth^rac^  etc.,  Ann.  sc.  nat,  s^r.  8,  t  iii,  1896,  pp.  65-149  and  pi.  i-vi;  see  alio  loc.  cs. 
t  ii,  1896,  pp.  17  and  33  et  seq.,  and  Revue  de  bot.,  t.  viii,  1896,  p.  33  et  teq. — [GrcMse,  Bcitt. 
zur  TergL  Anat.  d.  O.,  Diss.,  Erlangen,  1895,  67  pp.— Parmentier,  in  Le  moode  des  pL  189;, 
p.  178.] 

SAMYDACEAE. 

1.  Review  of  the  Anatomical  Features.  According  to  the  results  of 
the  investigations  hitherto  undertaken,  which  are  only  of  a  preliminary 
nature,  the  following  features  may  be  pointed  out  as  general  characteristics 
of  the  Order :  the  superficial  origin  of  the  cork,  the  tendency  to  the  formation 
of  scalariform  perforations  in  the  vessels,  the  wood-prosenchyma  with  simple 
pits  and  often  septate,  the  lack  of  glandular  hairs  and  the  occurrence  of  a 
characteristic  type  of  stoma  (subsidiary  cells  paraUel  to  the  pore).  It  may 
be  added  that  the  perforations  of  the  vessels  are,  as  a  nile,  simple,  bat 
in  the  neighbourhood  of  the  primary  or  even  in  the  secondary  wood  scaJarifonn 
perforations  with  few  bars  are  met  with,  though  they  are  less  numerous  than 
those  of  the  other  type ;  in  Osmelia  exclusively  scalariform  perforations  have 
been  observed.  The  outer  limit  of  the  bast  is  occupied  by  isolated  bundles  of 
hard  bast  or  by  a  composite  and  continuous  sclerenchymatous  rin^.  Schiio- 
genous  secretory  cavities  are  present  only  in  the  tribe  Casearieae,  viz.  m  Samyia^ 
Euceraea,  Casearia  pro  parte,  Lunania  pro  parte,  and  Osmelia  pro  parte ;  they 
frequently  give  rise  to  transparent  dots  or  striae  on  the  leaves.  The  hairy 
covering  consists  of  simple,  unicellular  sclerench3rmatous  hairs,  of  stellate  hairs 
(species  of  Abatia  and  Casearia)  or  of  unicellular  malpighian  hairs  {Homalimm 
racemosum,  Jacq.).  Oxalate  of  lime  is  excreted  in  the  form  of  clustered  and 
solitary  crystals.  Important  characters  for  specific  diagnosis  are  the  occurrence 
in  the  leaf  of  a  many-layered  epidermis  (species  of  Abatia  and  AsieropeiM)  and 
of  epidermal  celb  containing  sniall  clustered  crystals  (species  of  Hamalimm  and 
Samyda). 

2.  Structure  of  the  Leaf.  An  exhaustive  work  on  the  structure  of 
the  leaf  is  still  wanting.  The  account  given  here  is  based  on  my  own  investiga- 
tion of  Samyda  serrulata^  L  ,  Casearia  grandiflora^  Camb.,  Homciium  racemosum^ 
Jacq.,  Banara  guiatunsis^  Aubl.,  and  Abatia  tomentosa^  Mart.,  and  on  the 
scattered  statements  in  the  literature.  In  the  five  species  jiLst  quoted  belonging 
to  the  different  tribes  of  the  Order,  the  stomata  always  occur  only  on  the  lower 
side  of  the  leaf ;  the  guard-cells  are  relatively  small  and  are  destitute  of  special 
eisodial  ridges ;  they  arc  always  accompanied  by  neighbouring  cells, 
parallel  to  the  pore,  which  occasionally  appear  as  distinct  subsidiary  cells  in 
consequence  of  their  shape  beine  different  from  that  of  the  other  epidermal 
cells.  The  anomalous  genus  Asteropeia,  however,  forms  an  exception,  the 
stomata  being  surrounded  by  several  subsidiary  cells  in  a  rosette.    The 
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hairy  covering  in  most  cases  consists  of  unicellular  sclerenchymatous  hairs  of 
varied  length  {Samyda  serrulaia  ;  Abatia  tomtntosa^  A,  americana^  Eichl.« 
A.  micro pkylla^  Taub.).  According  to  Harms,  Abatia  verbascifolioy  Ruiz  et 
Pay.,  possesses  stellate  hairs ;  these  also  occur  in  Casearia  grandiflora^  according 
to  my  own  investigation,  two  or  three  short  unicellular  sclerenchymatous  hairs 
being  sunk  side  by  side  in  the  epidermis  of  the  leaf.  I  have  met  with  transitions 
from  ordinar\'  hairs  to  true  maJpiehian  hairs  in  Homalium  racemosum  ;  in  the 
first  place,  quite  short  and  pointed  sclerenchymatous,  unicellular  hairs  occur  in 
this  plant  :  somewhat  longer  hairs  of  the  same  kind  show  transitions  to  the  two- 
armed  hairs,  which  are  likeuise  sclerench3miatous  and  unicellular  and  are 
mostly  provided  with  arms  of  unequal  length.  Glandular  hairs  are  completely 
absent  in  the  Order.  Oxalate  of  lime  is  excreted  in  the  form  of  clustered  and 
solitary  cr\vtals.  Occasionallv.  clustered  crystals  are  found  in  the  epidermis  ; 
the  cells  containing  them  are  distinguished  from  the  rest  of  the  epidermal  cells 
by  the  >mall  size  of  their  lumina,  and  are  combined  to  form  groups  {Samyda 
scrrultit^i,  Homalium  raccmosum).  Secretory  elements  have  only  been  met 
with  in  the  tribe  Casearieae.  Their  character  is  generally  that  of  secretory 
cavitifs,  and  they  frequently  give  rise  to  transparent  dots  or  small  striae  in  the 
leaf.  In  those  cases  which  I  have  seen,  they  have  a  distinct  but  dehcate  one- 
layered  epithelium,  and  hence  thev  are  probably  of  schizogenous  oriein.  They 
are  found  in  all  the  species  of  SamyJa  hitherto  investigated  (Bokomy  and 
Warburg),  as  well  as  in  the  monot\*jiic  genus  Euceraea  with  £.  niiida^  Mart. 
(according  to  Bokorny  ').  Secretory*  cavities  only  occur  in  a  certain  mmiber  of 
the  sj)ecies  of  the  genera  Casearia  (according  to  Eichler,  Bokomy,  Harms.  &c.), 
Lunanui  (according  to  Warburg),  and  Osmelia  (according  to  Warburg).  As 
rrcards  the  genus  Casearia^  Bokomy  was  unable  to  find  a  trace  of  resin<a\ities 
in  f.  Commcrsoniana^  Camb.,  nor  did  Harms  meet  with  any  in  C.  Commcr- 
S'  ntjna,  (\  jainUnsis,  H.  B.  K.,  and  C.  laurifolia,  Benth.  ;  this  is  in  agreement 
with  the  tact  that  both  Eichler  in  Flora  brasiliensis  XHI,  i,  1871,  pp.  458,  461, 
anti  4iij,  and  Bentham  and  Hooker  in  Genera  Plantamm,  1, 1867,  p.  797,  had 
pri\ i(»u<ly  stated  that  trans jiarent  dots  (caused  by  the  secretory  cavities)  were 
ah-t  nt  in  all  the  sjiecies  of  Casearia  belonging  to  the  section  Piparea^  to  which 
the  «*jHcu>  mentioned  above  belong.  Moreover,  according  to  Eichler,  the 
tran>jiartnt  dots  are  aL^o  wanting  in  individual  species  of  the  sections  Pitumba 
an»i  (rateriii,  M.^metimes  even  in  certain  sjiecimens  of  species  which  normally 
j^)xxcNN  ilois  {t\  g.  C.  inaequilatera,  Camb.) ;  it  remains  to  be  determined  whether 
the  -rcntory  ca\ities  may  not  Ih'  really  present  in  these  plants,  though  they  do 
net  1:1  vt  rise  to  transparent  dots.  We  may  also  draw  attention  to  the  fact  that 
thr  MHTetory  cavities  are  occasionally  met  with  in  the  branch.  According  to 
\'an  Titghem,  they  are  found  in  the  cortex  and  pith  (Samyda  proc^ra)^  or  in  the 
cfitox  only  {Samyda  suaveol^ns) ;  in  Casearia  grandi flora  I  have  observed  them 
in  the  bast  and  primar\'  cortex.  In  some  members  of  the  Order  the  cortex  of 
iJiC  branch,  according  to  Van  Tieghem,  only  contains  isolated  secretory  cells  in 
}  lacf  ol  the  secretorj-  cavities  which  occur  in  the  mesophyll  {Cauaria  ituuqui- 
LiUfd^  (\  resini/era). 

ThvTv  is  httle  to  be  said  conceming  the  remaining  anatomical  features  of 
Tl.f  K  at.  x<  only  a  >mall  number  of  sjxxies  have  been  investigated.  It  perhaps 
.!» -»rvi>  notice  that  the  vascular  bundles  of  the  veins,  in  the  cases  investigated, 
aif  }r»>vided  >*ith  sclerenchyma,  and  that  the  smaller  veins  are  either  embedded 
('  .ivMfi.i  crandiflora^  Abatia  iam^ntosa)^  or  vertically  transcurrent  {Samyda 
u-rru:j!j).  The  epidermis  on  the  upper  side  of  the  leaf  is  described  by  Harms 
.IN  u.mjxjsed  of  four  layers  in  Ast^opeia^  two  la>"ers  in  Abatia  amcricana 

'   I  v.ki  riT*ft  vatcmcnt,  which  ^^'aiborg  regarded  as  reqmrinc  fuitbcr  examiaauoa,  is  qaite  oocrcct, 
a  I  the  i.'iToticatioo  I  have  reccBtlj  andcrtakcB  hu  ibowa. 
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and  A.  micraphyUa,  and  locally  of  two  layers  in  Abatia  verbascifolia  i^t 
A.  totnentosa.  In  AsUropeia  anMyocarpa^  Tiu.,  which  I  have  examined,  the:? 
is  a  three-layered  hypoderm  beneath  the  epidermis  on  each  side  of  the  kai : 
the  uppermost  cell-layer  of  this  hypoderm  consists  of  cells  as  small  as  tho5«  *y. 
the  epidermis,  and  in  places  includes  stone-cells,  while  the  inner  two  layers  hk^. 
cells  with  wide  lumina,  filled  with  brown  contents  (in  the  dried  leaf). 

3.  Structure  of  the  Axis  ^  The  formation  of  cork  is  superficial,  k 
Casearia  grandi flora,  Homalium  racemosum,  and  Abatia  iameniosa  the  ccri 
arises  in  the  outermost  cell-layer  of  the  primary  cortex.  In  Samyia  senuUu 
and  Abatia  totnentosa  the  cork-cells  have  fairly  wide  lumina ;  in  Casearia  graiuy 
flora,  Homalium  racemosum,  and  Banara  guianensis  they  are  thickened  on  ok 
side.  The  outer  limit  of  the  bast  is  formed  by  isolated  groups  of  bast-fib:^ 
{Abatia),  by  isolated  groups  of  bast-fibres  supplemented  by  stone-cells  (Banjri 
guianensis),  or  by  a  closed  and  composite  sclerenchyniatous  ring  (specie^  r 
Banara  and  Poliothyrsis  sinensis,  Benth.  according  to  Harms,  Samyda  semdxid, 
Casearia  grandiflora,  Homalium  racemosum). 

In  transverse  section  the  wood  shows  medullary  rays  which  are  usually 
from  one  to  three  cells,  rarely  (Poggea  alata,  Giirke,  according  to  Harms)  as  ina: 
as  five  cells  in  breadth,  and  vessels  with  lumina  of  varied  size  (maximum  cu- 
meter  =  -03  nun.  in  Samyda,  '06  mm.  in  Casearia  and  Banara).  The  perforatict 
of  the  vessels  exhibit  a  tendency  to  scalariform  differentiation.  They  are  usuaLy 
simple,  but  accompanying  this  t}^  scalariform  perforations  (with  5-8  bars)  occr 
in  the  primary  wood  in :  Banara  parviflora,  Benth.,  B.  brasiliensis^  Becth. 
Homalium  fagifolium,  Benth.,  H.  involucratum,  O.  Hoff.,  H.  racemosum^  Jicq. 
H.  pedicellatum,  Benth.,  Bivinia  Jaubertia,  Tul.,  Poliothyrsis  sinensis,  Bes±. 
according  to  Harms'  oteervations  ;  and  hkewise  in  Samyda  serrulaia.  Caserne 
grandiflora,  Banara  guianensis.  Scalariform  perforations  (with  few  bars)  hav- 
also  been  met  with  in  the  secondary  wood  accompanying  the  more  frequert 
simple  perforations  in  Casearia  SeUoana,  Eichl.  and  Poggea  alata^  Gurke.  «* 
well  as  in  species  of  Abatia  by  Harms,  and  similarly  by  me  in  Homalium  ti:-:- 
mosum.  According  to  Harms,  the  vessels  of  Osmelia  canferta,  Benttu  have 
exclusively  scalariform  perforations.  Simple  perforations  only  are  stated  :^ 
Harms  to  occur  in  Asteropeia.  Spiral  thickemne  of  the  vessel- wall  has  beer 
observed  in  Abatia  tomentosa  and  in  the  species  of  the  same  genus  invesdgate-i 
by  Harms  (A.  americana,  A.  microphyUa,  A,  verbasdfolia)^  and  likewise  in  FiVi> 
thyrsis  sinensis.  In  contact  with  parenchyma  of  the  medullary  rays,  distirc: 
{Samyda,  Casearia,  Homalium)  or  somewhat  indistinct  {Banara,  AbaUa)  um- 
lateral  bordered  pits  occur  on  the  vessel-wall.  The  wood-parenchyma  does  ooc 
take  a  prominent  part  in  the  formation  of  the  wood.  The  wood-prosenchjuu 
in  the  cases  investigated  has  thick  walls,  but  never  very  narrow  lumina,  axui 
bears  simple  pits.  Delicate  division-walls  were  occasionally  met  with  in  the 
lumina  of  the  wood-prosenchyma  in  the  species  of  Samyda,  Casearia,  Hmt 
Hum,  Banara,  and  Abatia. 

Literature:  MoIIer,  Holzanat.,  Denkichr.  Wiener  Aluid.  1876,  pp.  7^  and  370. — Bokac=7- 
Durchs.  P.,  Plora  188 J,  p.  380  and  lepante  copy,  p.  34^— Soleredcr,  Holntr.,  1885,  p.  ij*- 
Tnmer,  Vergl.  Anat.  d.  Bixac.  etc.,  Diu.,  Gottingen,  i885.~Van  Ti^ghem,  ia  Ann.  ac.  nat.  wts.  :. 
t.  i,  1885,  p.  59.— Kadlkofer,  in  Sitz.-Ber.  Miinch.  Akad.  1886,  p.  318. — Hanu^  in  E^kr.  6& 
Jahrb.,  ikl.  xv,  1893,  pp.  613-23.— Warburg,  in  Natiirl.  PflaoM&Cun.,  iiL  Teil,  AbL  6,  i^i- 
PP-  3»  4-  

*  The  ftmctnre  of  the  axis  was  investigated  by  me  in  tlie  tame  tpedci  at  Che  Icaf-MivcCBit. 


379 


LOASEAE. 

The  most  mportant  anatomical  character  of  the  Order  is  constituted  by  the 
hairy  covering  (Fig.  82),  which  has  been  investigated  especially  by  Greinert 
and  Gilg.  Gilg  describes  the  following  typical  forms  of  hairs  as  occurrinc  in  the 
Order  (forms  intermediate  between  these  types  are»  however,  frequently  found) : 
(I)  Simple,  unicellular  hairs  or  bnstles  of  variable  length,  with  a  wall  which 
may  or  may  not  be  siUcified ;  (2)  unicellular,  very  pointed,  conical,  and  strongly 
siliciAed  hairs,  having  their  whole  surface  beset  with  sharp  or  blunt  spines, 
which  are  directed  for^iv-ards  or  backwards  (Fig.  82,  D-G);  (3)  unicellular, 
strongly  silicified,  barbed  hairs  of  variable  length  and  commonly  comparable  to 
a  many-fluked  anchor,  the  stalk  being  sometimes  densely  covered  with 
spines,  which  are  cur\'ed  for>»'ards  or  backwards  (characteristic  of  almost  all  the 
Loaseae,  Fig.  S2,  A-C) ;   (4)  long  unicellular,  hooked,  or  cUmbing  hairs,  with  a 
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Fig   8j      Hainr  ccncrinx  of  the  Lcmupap.    a-c.  I'fticellalar  ucbor-bain.    A.  B,  EmemUg  liirii,  Grajr;  C, 

rj».»fA.'rj  UitrtiU,  Klocncfi  ""      "  -....- 

bod.  U 


>at  •troarlv  tkickeMd  wmU,  wicboat  a  trpuiXitJk,  bat  witb  cpiroliila  ui  tke  mhm^ty  cdb.     r,  G,  Lmm 
.^</.,</m.  orntli. :  r.  cyttolkk  hair  aJprfed  to  tktt  leaC  bftck-virw,  G.  m  tide-view.— OnfisAl. 


high  multicellular  base,  and  bearing  several  sharp  hooks  at  the  apex ;  they  show 
active  protoplasmic  movement ;  (5)  long  unicellular,  slightly  siliafied,  sickle-like 
hairs.  Without  visible  protoplasmic  moN^ement ;  (6)  long  unicellular,  thinly  fili- 
torm  hairs,  ^ith  local  tuber-Uke  swellings,  and  sharply  attenuated  at  the  apex 
or  with  l>arbs;  (7)  strongly  siUcified,  unicellular  stingins  bristles,  which  are 
usually  very  long,  and  are  often  provided  nith  a  multicellular  base;  they  fre- 
quently possess  yellowish  contents,  which  have  a  strongly  irritating  effect  on  the 
>kin  ot  animals,  and  become  discharged  into  the  wound  formed  by  the  bnstle, 
when  the  shghtly  recurved  blunt  apex  is  broken  off  (characteristic  of  a  large 
number  of  the  Loaseae) ;  (8)  short,  simple,  multicellular  hairs(of  rare  occurrence); 
(())  multicellular  glandular  hairs,  pro\ided  with  a  uniseriate  stalk  of  varied 
length  and  (according  to  Greinert)  a  unicellular  head.    In  numerous  species 
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hairs  belonging  to  five  or  six  of  the  forms  just  mentioned  may  be  observed 
irregularly  intermingled  with  one  another. 

Other  essential  characters,  which  Gilg  does  not  refer  to,  are  (a)  the  presence, 
in  most  of  the  types  of  hairs  described,  not  only  of  silica  but  frequently  ot  a 
large  amount  of  Ume  as  well,  and  (h)  cystolith-like  structures,  for  the  most  pan 
strongly  impregnated  with  carbonate  of  lime,  and  occurring  in  the  unicellular 
hairs  of  the  various  types  (with  the  exception  of  the  stinging  hairs)  and  in  their 
subsidiary  cells  (sometimes  also  in  the  subsidiary  cells  of  the  stinging  hairs). 
Kohl  described  cystolith-hairs  as  occurring  in  Cajophora  UUerUia  (which,  b\- 
the  way,  he  quite  incorrectly  placed  in  the  Cannabineae),  as  well  as  in  Gronovtd 
scandens.  According  to  my  own  observations,  these  hairs  are  also  found  in 
Petalonyx  Thurberi,  Gray,  Mentzelia  albescens,  Griseb.,  Eucnide  lohatOy  Gray, 
Loasa  chdidonifolia,  Benth.,  and  Blumenbackia  insignis,  Schrad.,  and  are  without 
doubt  widely  distributed  throughout  the  Order.  The  mode  of  differentiation 
of  the  cystoliths  within  the  cell  of  the  hair  varies.  A  distinct  stalk  is  never  pre- 
sent. In  the  conical  hairs  of  Petalonyx  Thurberij  Gray  (Fig.  82,  D),  which  bear 
solid  forwardly  directed  spines,  the  body  of  the  hair,  so  to  speak,  forms  the  stalk 
of  the  cystolith ;  the  cystolith-body,  which  is  attached  to  it,  projects  convexly 
into  the  lumen  of  the  basal  portion  of  the  hair  and  is  stron^y  incnisted  with 
lime.  In  the  vemicose  conical  hairs  of  Loasa  chdidonifolia  (Fig.  82,  F-G),  which 
are  usually  obliquely  placed,  the  cystolith-body  arises  near  the  base  of  the  hair 
on  the  more  strongly  thickened  longitudinal  side  of  its  wall,  and  so  on ;  the 
figures  show  further  details.  In  addition  to  the  cystoliths  in  the  hair-cell,  a? 
has  already  been  mentioned,  similar  structures  also  occur  in  the  subsidiary  ceU> 
of  the  hair  (Petalonyx  Thurberi,  Fig.  82,  £,  Mentzelia  albescens^  Eucnide  lobatd, 
Blumenbackia  insignis,  and  Cajophora  lateritia,  Klotzsch).  Tlie  cystoHths  ot 
the  subsidiary  cells  are  flat  structures,  each  of  which  is  fused  with  the  outer 
and  with  one  lateral  wall  (viz.  that  adjoining  the  hair)  of  the  cell  bearing  it. 
The  subsidiary  cells  containing  cystoliths  are  arranged  in  a  single  ring  or  in  several 
rings  around  the  hair ;  in  the  second  case  {Eucnide  lobata)  they  are  ^isiblf 
even  to  the  naked  eye  as  knobs  or  as  *  false  scales.'  It  may  be  added  that  the 
cell-walls  of  these  rosettes  of  cystoliths  are  usually  strongly  silicified,  and  that 
sometimes  the  cystolith-bodies  themselves  are  strongly  siUcified  instead  of  being 
calcified.  The  occurrence  of  cystolith-hairs  and  structures  resembling  cystoliths 
in  the  Loaseae  is  of  great  systematic  interest,  for  it  sheds  new  light  on  the  rela- 
tiorLship  of  the  Loaseae  to  the  Cucurbitaceae,  which  Ukewise  possess  cj'stolith.s 
an  afhnity  emphasized  by  some  authors  and  denied  by  others. 

The  following  statements  may  be  added  regarding  the  stinging  hairs 
mentioned  above.  Their  structure  is  generally  the  same  as  in  the  wcll-kno»T. 
stinging  hairs  of  the  nettle ;  here  also  a  pedestal  bearing  the  base  of  the  stinging 
hair  is  frequently  present.  According  to  Haberlandt,  the  apex  of  the  stinging 
hair  in  Loasa  papaverifolia  is  simply  curved  and  rounded  on  ;  in  the  region  ot 
fracture  of  the  hair-tip,  however,  there  are  thin  portions  of  the  wall,  similar  to 
those  in  the  stinging  hairs  of  the  nettle.  Other  members  of  the  Order  (speae* 
of  Loasa,  Blumenbackia,  and  Cajophora)  show  all  transitions  from  orcunary 
capitate  hair-tips  (as  in  Urtica)  to  those  of  Loasa  papaverifolia.  The  brittlem^ 
of  the  head  necessary  to  insure  its  breaking  off  is  not  due  to  silidfication,  but  to 
calcareous  incrustation  in  that  part  of  the  wall.  The  poison  of  the  stinging 
hairs  has  been  recently  described  by  Tassi  as  free  acetic  add,  but  this  needs 
confirmation ;  it  is  more  probable  that,  as  in  the  stinging  haixs  of  the  nettle,  it 
is  an  unorganized  enzyme. 

Regarding  the  structure  of  the  leaf,  it  may  be  pointed  out  that  the  atooiAta 
have  no  special  subsidiary  cells,  but  are  surrounded  by  a  varied  number  ot 
ordinary  epidermal  cells  (Blumenbackia,  Cajophora^  Eucnide^  MeniuUM,  PtU- 
lonyx).    In  leaves  with  bifacial  structure  (Cajophora  laieriHa^  Eucmid€  lotete)  the 
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stomata  are  fotuid  only  on  the  lower  side»  but  they  occur  on  both  sides  in  the 
cNiXncXtaiolPeUdimyxThmben.  The  leaf-structure  in  the  species  hst  mentioned 
is  specially  noteworthy  in  two  other  respects,  vix.  (x)  spediu  lignified  and  pitted 
cells  (water  reservoirs  ?)  adjoin  the  xylem  above  and  the  sderenchymatoussneath 
below,  in  the  vascular  bundle  of  the  midrib ;  and  (2)  a  network  of  trachddes 
running  free  in  the  mesophyll  is  also  present.  I  have  observed  oxalate  of 
lime  in  the  leaf  of  MetiiMeha  albescens  only,  where  it  takes  the  form  of  dusteied 
crystals,  while  the  crystal-containing  cells  form  eroups  in  the  mesoi^jil. 
According  to  Greinert,  mcHeover,  it  is  quite  general  in  this  Order  for  omliitir 
of  lime  to  be  i»esent  in  the  form  of  dustoed  crystals  only. 

The  vmscnlar  bundles  of  the  Loaseae,  unUke  those  of  the  Cucurbitaceae, 
have  simile  collateral  structure.  The  herbaceous  spedes,  according  to  Gilg, 
are  like  other  herbaceous  jdants  in  their  stem-structure.  The  mechamcal  tissue 
is  represented  by  a  stron^y  devdoped  ring  of  colknchvma,  which  shows  fre- 
quent interruptions.  At  tm  points  of  interruption  the  thin-walled  chlorophyll- 
containing  tissue  of  the  stem  extends  outwards  as  far  as  the  epidermis,  wluch 
bears  stomata  in  these  regions  only.  In  the  woody  spedes  a  c^inder  of  wood 
is  present,  which  in  the  spedes  investigated  by  me  {MefUxelia  pwmU^  Torr.  et 
Grav  var.  and  PeUUonyx  Thmberi^  Gray)  includes  narrow  medullary  rays, 
fairly  wide  vessels  with  simjde  perforations  and  bordered  pitting  in  contact  with 
parenchyma,  as  well  as  wood-prosenchyma  with  fairly  wide  lumina.  In  P«te- 
lonyx  these  prosenchyinatous  dements  bear  exdusivdy  bordered  pits,  in 
MenUelia  bordered  or  simple  pits.  At  the  outer  limit  of  the  bast,  which  con- 
tains some  dustered  crystals,  a  few  wide-lumened  bast-fil»es  are  present  in 
MenUelia^  while  in  PeUUonyx  there  are  groups  of  sderenchyniatous  paren- 
chyma with  yellow  walls  and  cells  considerably  dongated  in  the  vertical 
direction.  The  development  of  the  cork  has  been  observed  only  in  MetUxelia^ 
where  it  takes  place  immediatdy  on  the  inner  side  of  the  bast-fil»es  of  the 
pericycle. 

Litent«re :  lUitinct,  Oi^.  de  ifoMoo.  Aim.  •&  Bftt,  tfr.  $•  t  sin  187a,  p.  183  asd  pL  tS. 
^De  Bary.  Vcrgl.  AsftL,  1877,  pp.  63. 64.— H.  Sdbmck,  Wudfodlck.  aa  PtL-Hawca,  Din.,  Bom, 
1884,  pp.  13,  ii.^GfciDat«  Morph. «.  umL  Vcfh.  d.  L.  dc  Dku,  Fidbait  L  Br.,  iSftS,  with  plate. 
— Haberiaadt,  BiCBBkaare.  Shx.-Ber.  Wiener  Akad.,  Bd.  idH,  Ate.  i,  1886.  p.  laa  d  tea.  asd 
Tabi  -^Taeri.  Stnrtt.  dd  pOi  di  ale.  tp.  di  Lmum  etc,  SIcaa,  1 88(.>-Kohl.  Kalki.  a.  Kkada^  Maiw 
barg.  1889b  pp.  13a,  133  asd  Tabi  it^— GOg.  Id  NatflrL  Pflanimfiim.,  iiL  TcU,  Ate.  6a,  1894, 
[K  101. 

TURNERACEAE. 

An  exhaustive  investigation  of  the  anatomical  features  of  this  Order  has 
not  yet  been  carried  out. 

In  the  structure  of  the  leaf,  the  chief  systematic  value  attaches  to 
the  very  varied  hairy  coverinf,  which  has  been  investigated  by  Urban. 
This  author  distinguishes  the  f^owinff  forms :  (x)  simple  nniorilular  hairs 
{Tumera  sidaides^  L.,  Ac.);  (2)  steUate  hairs:  more  or  less  numerous 
unicellular  hairs  arise  from  a  small  knob  or  cushi<ni,  the  central  hair  being 
sometimes  stron^y  donated  (7.  BlanckeHmm^  Urb.,  7.  Cemmsis^  Urb.,  7.  ker- 
manniaides^  Camb.,  7.  Unmifilia^  Camb.,  and  almost  all  species  of  Piriqudm 
belonging  to  the  section  EmtirifneU) ;  (3)  uniseriate  articnlatai  hairs  (frorm- 
skioldia^  StrepiapeUbtm  ana  PmqueU  a^nmmna^  Urb.) ;  (4)  capitate  haiis : 
spherical  unicellular  or  indistinctly  multicellular  structures,  which  are  pdludd 
and  have  a  very  short  multiceUular  stalk  (7.  ekmuuJhryfcUm^  Camb.) ;  (5) 
secretory  bristles^  standing  erect  and  composed  of  a  varying  number  of  rows  of 
cells  (but  without  a  vascular  bundle),  and  thicker  at  the  base  than  at  the  apex 
{WtmnskiMim^  SitepiopeMmm^  Fig.  83^  if,  Pirifnelm  section  EupiritntUU  the 
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enlargement  being  either  gradual  or  sudden,  the  hair  sometimes  ««uming  a 
tuberous  form  (species  of  Wormskioldia) ;  (6)  multicellular  yellowish  or  yeUowish- 
white  papillae,  -06— i  nun.  in  diameter,  resembUng  the  fruit  of  a  Rnbus  in 
shape,  owing  to  the  outer  cells  projecting  convexly  :  this  type  is  only  foand  in 
Tumera  (T,  annularis,  Urb.,  Fig.  83,  B,  T.  apkrodisiaca.  Ward,  T.  calypin>ai^pm^ 
Urb.,  r.  diffusa,  Willd.,  T.  hebepetala,  Urb.,  T,  incana.  Camb.,  T.  Umgifiofm^ 
Camb.,  T,  melochiaides,  Camb.,  T.  odorata.  Rich.,  T.  opifera^  Bfart.,  7*.  staekyii' 
folia,  Urb.  et  Rolfe). 

Re|arding  the  detailed  anatomical  structure  of  the  forms  of  trichome  mentioiied 
under  Nos.  1,4,  5,  and  6,  the  following  statements,  based  on  my  own  obtervatioiiik 
may  be  added.  Judging  by  what  is  known  to  occur  in  Tumera  annuimris,  Urh.  and 
r.  chamaedryfolia,  Camb.,  the  simple  unicellular  trichomes  ( i )  appear  to  be  charac- 
terized by  the  fact  that  their  basal  portion,  which  is  simk 
in  the  epidermis,  is  narrower  than  the  free  body  of  the  hair; 
in  both  species  also  the  cells  adjoining  the  hair  are  some- 
what elevated  around  the  latter,  so  as  to  form  a  pedcartaL 
The  capitate  hairs  of  T.  chamaedryfolia  (4)  have  a  short  or 
(on  the  veins  of  the  leaf)  a  relatively  long  multiseriate 
stalk,  composed  of  cells  which  are  longer  in  the  lower  and 
shorter  in  the  upper  portion ;  they  abo  have  an  appraad- 
mately  spherical  multicellular  head.  The  shaggy  hahs 
mentioned  under  5  are  structures  which  in  Strepiaptimlwm 
Hildebrandtii,  Urb.  (Fig.  83,  i4)  are  broad  below  tmt  be- 
come narrower  above ;  thus  ^e  lower  portion  consists 
of  a  multiseriate  mass  of  approximately  isodiametric 
cells,  whilst  in  the  upper  part  the  rows  of  cells  decrease  in 
number  and  the  cells  increase  in  length,  so  that  the  end 
of  the  hair  is  composed  of  a  few  lonff  cells  forming  a  single 
row,  the  terminal  cell  being  slightly  swollen  at  its  tip ; 
in  these  hairs  the  secretion  is  formed  in  a  sobcnticiiur 
petition.  Lastly  (6)  the  glands  of  Tumerm  amnuisrti 
(Fig.  83,  B),  &c,  are  sessile,  almost  spherical,  glandnlsr 
bodies,  having  a  small  surface  of  attachment  to  the 
epidermis,  and  consisting  of  only  one  layer  cd  cdls,  which 
are  radially  arranged  around  tne  point  of  attachment ; 
as  far  as  can  be  determined  from  herbarium-material, 
the  secretion  is  subcuticular,  as  in  the  bladder-like 
integumental  glands  of  the  Labiatae ;  the  portions  of 
cuticle  belonging  to  the  individual  glandular  ceUs  pn^ect 
convexly  outwards,  thus  giving  the  gland  an  appearance 
similar  to  that  of  a  fruit  of  RtAus, 

With  the  glandular  hairs,  described  above,  we 
may  also  class  the  large  nectarial  glands  i»'esent  on 
the  leaf-base  or  on  the  margin  of  the  leaf  in  certain 
species  of  Turnera,  Wormskioldia,  Piriquda^  and 
Mathurina  ;  they  have  been  investiffated  in  detail 
by  Poulsen  in  Tumera.  The  stalk  0?  these  glands 
is  traversed  by  a  vascular  bundle,  spreading  out  in 
the  shape  of  a  fan  within  the  head,  which  is  com- 
posed of  polygonal  cells  with  thin  walls;  the  secreting  surface  consists  of  one 
layer  of  prismatic  cells,  some  of  which  are  transversely  divided. 

The  stomata  are  either  accompanied  by  subsidiary  cells  placed  parallel  to 
the  pore  {Tumera  diffusa,  Willd.,  according  to  Gilc ;  T.  ulmifolia,  L.,  and  Strepkh 
^etalum  serratum,  Hochst.,  according  to  my  own  observations),  or  are  surrounded 
by  numerous  epidermal  cells  showing  no  definite  arrangement  {Piriquda  maia' 
gascariensis,  Urb.).  Gelatinization  of  the  epidermia  of  the  leaf  appears  to  occur 
frequently  (Piriqueta  tnadagascariensis,  Strepiopeialum  serratum^  and  Tumera 
ulmifolia).    Oxalate  of  lime,  wherever  I  have  met  with  it,  is  excreted  in  the 


Fig.  83.  A,  GlandoUr  thae£y 
hair  of  Streptapomium  HiiSe- 
bram4Mi,  Urb.  r.  Glands  of 
TarnMni  mnnularis^  rrb.—Ori. 
ginaL 
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form  of  clustered  crystals.  Typical  internal  secretoiy  elements  are  absent.  In 
Piriqueta  madagascariensis  the  leaf  is  speckled  with  transparent  spots  owing 
to  the  presence  in  both  the  upper  and  lower  epidermis  of  groups  of  cells  which 
are  free  from  the  tannin  contained  in  the  remaining  epidermal  cells ;  in  Tumera 
acuta^  Willd.,  the  reverse  is  the  case :  tannin  is  present  only  in  isolated  groups  of 
epidermal  cells,  and  the  leaf  is  consequently  speckled  with  dark  brown  spots 
(Kadlkofer). 

The  following  points  may  be  mentioned  regarding  the  structure  of  the  wood. 
The  vessels  on  tlve  whole  do  not  have  very  wide  lumina  (maximum  diameter  — 
•036  mm.  in  Piriqueta  madagascariensis^  Urb.  and  -06  mm.  in  Tumera  opifera^ 
Mart.);  they  are,  for  the  most  part,  scattered  irregularly  through  the  wood 
and  rarely  lie  in  radial  series.  The  perforations  are  usually  simple,  but  in 
Piriqueta  and  Tumera  scalariform  perforations  with  few  bars  have  been  observed 
in  the  primary  wood.  In  Piriqueta  and  Tumera  the  vessel-wall,  where  it  is  in 
contact  with  i)arenchyma,  bears  bordered  pits.  The  medullary  rays  are  mostly 
narrow,  rarely  as  much  as  four  cells  in  breadth.  The  wood- parenchyma  is  little 
developed.  In  Tumera  diffusa,  Willd.,  T,  odorata.  Rich.,  and  T.  opifera.  Mart., 
the  wood-prosenchyma,  according  to  Harms,  is  provided  with  distinctly  bordered 
pits  of  varying  size  (for  the  most  part  large) ;  in  Piriqueta  aurM, Urb.,  the  pits  are 
generally  small  but  distinctly  bordered ;  in  Wormskioldia  glandulifera,  Klotzsch, 
the  wood-prosenchyma  is  septate.  From  the  above  statements  and  from  those 
in  the  work  by  Turner  and  in  my  '  Holzstruktur '  it  appears  that  exclusive  and 
tyjMcal  bordered  pitting  of  the  wood-prosenchyma  is  not  shown  by  all  the 
Turneraceae. 

With  regard  to  the  structure  of  the  cortex.  Harms  mentions  the  occurrence 
of  isolated  groups  of  hard  bast  in  the  nericycle.  In  both  the  species  examined  by 
me  (Piriqueta  madagascariensis  and  Turnera  opifera)  the  pericycle  is  of  the  same 
nature.  The  development  of  the  cork  takes  place  subepidermally  in  Tumera 
opifera  ;  in  the  two  species  mentioned  above  the  cork  consists  of  fairly  low 
thick-walled  cells,  the  inner  tangential  walls  of  which  are  more  strongly  thickened 
in  Piriqueta  madagascariensis.  The  cortex,  and  chiefly  the  primary  cortex, 
contains  tanniniferous  cells,  which,  especially  in  Piriqueta  madagascariensis^ 
apjx^ar  as  idioblasts.  In  this  species  the  leaf-traces  run  for  a  certain  distance 
in  the  primary  cortex  as  cortical  vascular  bundles. 

Uterature:  Pouben,  NcctAiier,  Videntk.  Meddel.  naturh.  For.  KjobenbaTB,  1881. — Urban, 
Monogr.  d.  T.,  Jahrb.  d.  hot.  Gait  n.  boC.  Mot.  Herlin,  Bd.  ii,  1883,  p.  7.— Tamer,  VcrgL  AnaL 
dcr  T..  lUxaccm  etc..  Diss..  Gotdngen,  1885,  pp.  58-63.--Solcreder,  Holxttr.,  1885.  pp.  138,  139.^ 
Kadlkofer,  in  Sitz.-Rer.  Miinch.  Akad.  1886,  \\  318.— Harms,  in  Engler.  BoC.  Jahrb.,  Bd.  zr,  1893, 
y\K  628,  629.— Gilgy  in  Natiirl.  Pf1anzen£un.,  iii.  Teil.  AbL  6  a,  1893,  pp.  58  iiid  64,  Fig.  23. 

PASSIFLORACEAE^ 

I.  Review  of  the  Anatomical  Features.  There  is  an  absence  of 
anatomical  characters  distinctive  of  the  Order  and  common  to  all  its  members. 
Tht'  wood  consists  of :  (i)  vessels  of  varying  width,  with  perforations  which 
art'  either  simple  throughout  or  scalariform  with  few  bars,  the  latter  form 
Ining  iLsually  confined  to  the  neighbourhood  of  the  primary  wood ;  in  Soyauxia 
only  are  they  scalariform  throughout ;  (2)  wood-prosenchyma,  which  bears 
cither  t>ordered  or  simple  pits,  and  in  the  latter  case  is  occasionallv  septate ; 
(3)  a  little  wood- parenchyma  and  (4)  medullary  rays  of  varied  breadth. 
The  formation  of  cork  is  mostly  superficial.    The  outer  hmit  of  the  bast  is 


'  In  the  following  detcripCioo  the  Fapayaceae  are  exdnded  and  are  treated  aeparmtelj  at  the  end 

[f  the  TaMtfloraceae. 
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formed  by  a  composite  and  continuous  sclerenchymatoos  ring  or  by  isolated 
group^  of  bast-fibres.  It  is  characteristic  of  the  mature  leaves  that  no  special 
type  in  the  arrangement  of  the  neighbouring  cells  around  the  guard-cells  can 
be  detected.  The  hairy  covering  is  formed  by  simple  unicellulsur  or  uniseriate 
hairs,  by  unicellular  hairs  curved  in  the  form  of  a  hook  (in  species  of  Posst- 
flora\  and  by  glandular  shaggy  hairs  with  stalks  of  varying  length  (spedes 
of  Passiflora^  Fig.  84,  fi,  and  Malesherbia) ;  glandular  spots  on  tli^  leaf 
are  found  in  species  of  Adenia  and  Passi flora  ;  large  nectarial  glands  occur  on 
the  petiole  in  many  species.  Intercelltdar  secretory  receptacles  with  brown 
contents  are  present  in  the  leaf  of  species  of  Ojbhiocaulon^  elongated  tannin-sacs 
in  the  branches  of  species  of  the  genera  Passiflara^  HoUtungia^  and  Ophiocauhn. 
Oxalate  of  lime  is  excreted  in  the  form  of  ordinary  solitary  and  clustered  crystals. 
A  series  of  anatomical  features  of  the  leaf,  such  as  a  two-layered  eradermis 
(Adenia^  HoUrungia^  Stnealhmannia)^  a  mucilaginous  epidermis  (Barierim 
Par(>^sfa),papillosediiierentiationof  the  lower  epidermis (i4i^ia,  Echinotkamnms, 
Opkiocaidon\  cuticular  protuberances  (Passiflora)^  spicular  cells  in  the  mesophyll 
{Passi flora),  crystal-idioblasts  and  enlarged  mesophyll-cells  with  brown  contents, 
are  of  value  for  specific  diagnosis. 

2.  Structure  of  the  Leaf  ^  The  leaves  of  most  of  the  Passifloraceae  are 
bifacial  in  structure.  The  following  species  have  centric  or  almost  centric 
structure :  TryphosUmma  nummmarium,  Engl.,  Echinoihamnus  PechuHiu 
Engl.,  Adenia  glauca,  Schinz.,  A.  repanda,  Engl.,  Passiflora  Mooreana^  Hook., 
Paropsia  grewioides,  Welw.,  and  P.  reticulata,  Engl.,  as  well  as  the  two  genera 
Malesherbia  and  Gynopleura  of  the  Malesherbieae.  The  mesophyll  shows  only 
a  few  special  features.  The  middle  layers  of  the  spongy  tissue  of  Miiosiemma 
GUtzioviiy  Mart.,contain  thickened  and  pitted  cells;  inPassiflora  arborea,  Spreng., 
and  in  a  plant  probably  identical  with  P.  citrifolia.  Mast.,  numerous  spicular 
cells,  with  an  irregular  course,  are  stated  by  Harms  to  occur  in  the  mesopn)dl. 

The  epidermal  cells  have  straight  or  undulated  lateral  walls.  According 
to  Harms,  a  '  two-layered  epidermis '  (the  lower  layer  containing  numerous 
solitary  and  chistered  crystals)  occurs  on  the  upper  side  of  the  leaf  in  HoU- 
rungia  aurantioides,  K.  Schum.,  Smeathmannia  pubescens,  R.  Br.,  and  Biuieria 
fisiulosa.  Mast.',  while  an  epidermis  consisting  almost  throughout  of  two 
layers  is  found  in  Adenia  populifolia,  Engl.  In  Paropsia  obscura^  Ho£Em.\ 
and  Barieria  fistulosa,  according  to  my  own  observations,  the  epidermis  on 
the  upper  side  of  the  leaf  includes  cells  with  mucilaginous  inner  membranes. 
According  to  Harms,  papillose  differentiation  of  the  lower  epidermis  is  widely 
distributed  in  the  genera  A  denia,  Ophiocaulon,  and  Echinotkamnus.  FinaUy,  the 
epidermis  of  the  leaf  and  stem  in  many  species  of  Passiflora  belonging  to  the 
sections  Cieca,  Decaloba,  and  Eumurucuya  is  characterized  by  cuticmar  pro- 
tuberances, whilst  in  other  sections  these  structures  are  only  of  isolated  occur- 
rence, e.  g.  within  the  subgenus  Astrophea  in  Passiflora  spinosa.  Mast. 

The  stomata  usually  occur  only  on  the  lower  side  of  the  leaf ;  they  are 
present  on  both  sides  of  the  leaf  in  Keramanthus  Kirkii,  Hook,  fil.,  and  in  the 


*  The  most   important  work  it :    Hanns,  loc  cit.     He  inveftiptted  the  followiof 
I.  Malesherbieae :   Afaieshtrbia,  CynofUura ;    II.  Pamfloreae :    PasstM§ra,  Tusoma,  Mum 

Tryphostemmay  Faropsia^  Parofsiopsts,  Stma/Amamma,  SarUn'a,  H^lrungia\    III.  Moc 

Moaecca  Adenia'^  Echinathamnus,  A'tramamtkus^  Opkiocaulom\  IV.  Acharicme :  MAsrm,  C^rwH^ 
sicycs ;  f^enera  anomala :  Physena^  Soyauxia.  \Vtthr  wferenoe  to  this  we  may  remark  that  tbe 
genera  I\uvpsia^  ParopiUpsis^  Smeathmannia^  and  Barttria  are  separated  by  Iiarms  as  the  fnmp 
I'aropsieae,  while  he  unites  the  rest  of  the  Passifloraceae  with  the  Modccceae  to  ocMUtitate  ibe 
Passifloreae. 

'  In  a  specimen  of  Barteria  fistulosa  sent  to  me  from  Berlin  I  find  only  a  ooe-laycfed  i*|*VfT*"^ 
which,  however,  incladcs  mocilaginons  cells. 

*  Harms  interpreted  the  mocilaginons  cells  of  Paropsia  ohscura  incorrectly;  fovlblytlua  may 
to  some  extent  also  apply  to  the  two-layered  epidermis  of  Smea/kmamm'm  pnUsiwms,  ftc 
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Maksberbieae.  In  the  mature  leaf  no  spedaUy  characteristic  arrangement  of 
the  neighboiiring  cells  around  the  guard-<^lls  can  be  recognized. 

The  systems  of  vascular  bundles  in  the  smaller  veins,  so  far  as  is  known«  are 
embedded.  They  may  or  may  not  be  accompanied  by  sderencbraia,  which, 
according  to  Harms,  is  usually  absent  in  the  members  of  his  Pasdfloreae, 
as  also  in  Acharia  and  Ceratiosicyos^  while  the  Paropsieae  of  Harms 
contain  sderenchyma  in  the  veins.  In  Soyauxia  ^abanensis^  Oliv.  and 
Pkysena  madagascariensis^  Steud.  the  bundle-system  is  enclosed  by  a  ring 
of  sderenchyma. 

Oxalate  of  lime  is  present  in  the  tissue  of  the  leaf  and  axis  in  the  form 
of  rhombohedra  and  of  clustered  crystals.  Special  crystal-sacs  are  stated  by 
Harms  to  occur  in  the  mesophyll  of  certain  species  of  Aienia^  Opkiocaulon^ 
and  Soyauxia.  In  Adenia  they  usuaUy  (^4.  australis,  £n{[l.»  A.  cardiopkyUa^ 
Engl.,  A.  panduraeformis^  En^l.,  A.J>opuiifolia^  Engl.,  A.  Schweinfurihi^  Engl., 
A.  tnlohaia^  Engl.,  A,  Wighixana^  Ensl.)  contain  solitary,  rarely  (A.  repanda^ 
Engl.)  clustered  crystals.  In  Adenia  the  solitary  crystals  are  as  a  rule  enclosed 
in  a  ceUulose-sheath,  which  is  in  connexion  with  the  longitudinal  walk  of  the 
crystal-cells.  In  A.  lanuolata^  Engl,  and  A,  Wdwitschii^  Engl,  the  entire 
mesophyll  is  filled  with  clustered  crystals.  Crystal-idioblasts,  identical  with 
those  of  Adenia^  are  also  met  with  in  Ophiocaulon  lanceoUUum^  Engl,  and  O. 
Poggei^  Engl.,  while  the  crystal-cells  of  Soyauxia  gabontnsis^  Oliv.  contain 


Fio.  lU.    A,  Cry«al^ll  fron  tlw  pttKMde-ciMM  of  j4demim  oUim,  Bof L    ■,  GUadilar  ■bafO  ^^^  ^  /Wf/* 
0t^m  eiaiJkrmM,  Mml  Hi  losfitsdiaal  tectioa.— A  Original,  B  after  Hanss. 

clustered  crystals,  which  are  embedded  in  a  thickening  of  the  waU  of  the  (usually 
spherical)  idioblasts ;  the  thickening  lies  on  that  wall  which  is  directed 
towards  the  interior  of  the  leaf.  In  connexion  with  the  crystals  we  may 
mention  the  fact  that  Zimmermann  has  observed  spindle-shaped  bodies  in  the 
mesophyll-celLs  of  Passifiora  caerulea  ;  these  bodies  are  situated  in  the  cell- 
^p,  and  are  probably  of  the  nature  of  crj^talloids.  In  the  epidermis  of  the 
leaf  of  Passiflora  rotundifolia,  L.  and  P.  ichthyura^  Mast.,  sphaero-crystalline 
masses  of  unknown  nature  occur,  according  to  Harms. 

Among  internal  secretory  organs  the  most  noteworthy  are  the  intercellular, 
spherical  and  apparently  schizogenous  secretory  receptacles  in  the  interior  of 
the  leaf  in  the  species  of  Ophiocaulon  (O.  cissampeloides.  Mast.,  O.  gummiferum^ 
Mast.,  O.  Poggei^  Engl,  and  O.  lanceolaium,  Engl.) ;  they  are  filled  with  blackish- 
bro^Ti  tanniniferous  contents,  and  give  rise  to  a  black  dotting  of  the  leaf. 
Cells  filled  with  the  same  brown,  tanniniferous  contents,  and  usually  distinguished 
from  the  neighbouring  cells  by  larger  lumina,  are  found  in  the  palisade-tissue 
of  the  three  first-named  species  of  Ophiocaidon^  and  in  the  spongy  tissue  of 
O.  ianceoiaium^  Engl  and  Adenia  Schweinfurtki,  Engl.  The  axis  resembles 
the  leaf  in  containing  tanniniferous  cells,  which  in  certain  Passifloraceae  are 
developed  as  tannin-sacs  ;  these  mostly  have  uide  lumina,  often  have  thick 
walls  and  are  frequently  considerably  elongated  in  the  vertical  direction  : 
f.g.  according  to  Harms  in  the  pith  and  cortex  of  Passifiora  holosericea^  L. 
m  the  pith  of  Hoiirungia  auraniioides^  K.  Schum.,  and  lastly  in  the  pith  of 
Opkiocauhn  Poggei^  Engl,  where  they  are  spindle-shaped  and  sclerenchymatous. 
■  cc 
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The  hairy  covering  is  formed  by  nnkrlhilar  or  uniseriate  ^■'^^^■"g  htun, 
and  by  glandular  sbag^  hairs.  In  the  species  of  Pamllo^  both  foms  of 
clothing  hair  occur,  with  walls  of  varying  thickness ;  acoompaiiying  tboe 
hairs  in  certain  species  (P.  acenfoUa^  Cham,  et  Schlecht,  P.  htyomyni^  H.B.K^ 
P.  ifutmoenoj  A.  Gray,  P.  sicyoides^  ChauL  et  Schlecht.)  tboe  are  imioeDiilar 
trichomes,  which  are  curved  in  the  form  of  a  hook  at  the  apex.  In  Aeham 
tragiaidts^  Thunb.  ordinary  uniseriate  hairs  have  been  observed,  in  Pm^opm 
ordinary  unicellular  hairs,  while  in  many  species  of  Tmcwmim  there  are  very 
long  uniseriate  hairs,  which  are  occasionally  (7*.  lanaia^  Juss.)  interwoven  hkr 
felt ;  lastly,  in  the  Malesherbieae  stifif  unicellular  trichomes  are  found.  Glaiidnlar 
shaggy  hairs  (Fig.  84,  B)  are  found  only  in  Passifiora  and  MMhihifbim,  In 
the  genus  Passifiora^  in  which  they  are  restricted  to  certain  species  of  the  aectioo 
Dysosmia  (P.  claihrata.  Mast.,  P.  foetiia^  L.,  P.  UpisUda,  Hast^  P.  villom. 
Veil.),  the  glandular  shaggy  hairs  have  a  multiseriate  stalk,  which  is  of  variable 
length  and,  when  long,  sometimes  contains  a  vascular  bundle.  The  giawwjnir 
head  itself  consists  of  a  multiseriate  core  of  elongated  cells,  which,  as  it  were, 
forms  the  continuation  of  the  stalk,  and  of  a  secretory  palisade*like  epidennis. 
The  glandular  shaggy  hairs  of  Malesherbia  have  a  diflerent  type  of  stiuttuic : 
they  are  long,  iihform,  multiseriate  bodies,  which  are  pointed  or  {M.  ikyni* 
flora,  R.  et  F.)  rounded  off  at  the  apex ;  their  secretion  produces  the  wcD- 
known  disagreeable  smell  of  the  Malesherbieae.  In  addition  to  the  glandnbr 
shaggy  hairs,  glandular  spots  are  met  with  on  the  lower  side  of  the  leaf  in  some 
members  of  the  Order,  namely  in  the  genus  Passifiora  and  in  Ademm  cmriuh 
phylla,  Engl.  Within  the  ^enus  Passifiora  these  spots  are  restricted  to  spedes 
of  the  sections  Cieca,  Decaioba,  and  Eumurucuya^  whilst  in  other  sectioiis  they 
are  either  absent  (Astrophea,  Psilanthus)  or  only  occur  in  relatively  smaD 
numbers  (P.  pukheUa,  H.B.K.  belonging  to  the  subgenus  GrensulilU).  Ex- 
ternally these  glandular  spots  appear  as  round  brown  specks  00  the  lower 
side  of  the  leaf.  According  to  Harms,  their  structure  is  as  follows  in  P. 
rotundifolia^  L.  In  a  superficial  section  radiaUy  elongated  epidermal  ceDs 
are  to  be  observed  at  the  periphery  of  the  glandular  spot ;  nearer  the 
centre  these  are  adjoined  by  cells,  the  walls  of  which  become  more  and 
more  thickened  and  their  lumina  narrower,  so  that  the  actual  dandnlar 
spot  is  enclosed  by  a  rampart  of  thick-waUed  cells.  These  ceUs  Uien  pass 
over  into  the  secretory  tissue,  the  cells  of  which  have  a  pdygonal  oatline 
in  surface-view,  but  are  seen  to  be  moderately  elongatea  in  a  transvene 
section  of  the  leaf.  Several  layers  of  these  prismatic  cells  lie  one  above 
another ;  finally,  towards  the  interior  of  the  leaf,  they  merge  into  a 
small-celled  tissue  filled  with  clustered  cr^'stals  (compare  also  Morini). 
The  large  sessile  or  shortly  stalked  glands,  which  occur  so  frequentlv  on  the 
petioles  in  this  Order  (in  Passifiora,  Tacsonia,  Deidamia,  ^memmmmmim^ 
Crossostemma,  Modecca,  and  Ophiocaulon,  according  to  Bentham  and  Hooker), 
are  merely  a  modification  of  these  glandular  spots.  In  P.  brasUianm^  accord* 
ing  to  Martinet,  they  possess  a  glandular  epithelium  similar  to  that  of  the 
glandular  spots,  and  the  multiseriate  stalk  contains  a  vascular  bundle. 

3.  Structure  of  the  Axis  *.  The  axis,  even  in  the  climbing  forms, 
has  normal  structure '. 

The  epidermis  in  the  young  shoots  of  several  sjpecies  of  Adenia^  Opkidh 
catilon  (especially  O.  gummiferum.  Mast.),  and  Echinoikamnus  possesses  a 
deposit  of  an  incnisting  wax-like  substance.  The  formation  of  cork  usoaDy 
takes  place  superficially,  in  the  epidermis  or  in  the  subepidennal  layer  of 


'  Moft  imporUnt  litentore :  Solereder  and  Harms,  II.  cc. 

'  The  correctncH  of  the  iUtement  (made  by  Schwendener,  Mcch.  Prinx.,  1874,  p.  Ifp)  M  to  the 
occurrence  of  medullary  vaicnlar  bundles  in  PissiJUra  trifasiiata  is  dosbdiiL 
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cells.  Transformation  of  the  outermost  layer  of  cortical  cells  into  the  cork- 
cambium  is  stated  by  Harms  to  occur  in  Passiflora^  the  Paropsieae  and  Sayuuxia. 
Id  Acharia  tragioides^  which  is  characterized  by  the  five-angled  cross-section 
of  the  stem,  tbe  formation  of  phellogen  begins  immediately  on  the  inner  side 
of  the  strands  of  collenchyma,  which  occupy  the  angles,  and  is  continued 
subepidermallv  in  the  parts  of  the  stem  situated  between  the  angles.  In 
MaUsherhia  the  cork  arises  either  in  the  epidermis  itself  (M.  pulckra^  Ph.), 
or  subepidermally  {M.  densiflota^  Ph.),  or  in  a  cell-layer  situated  at  a  depth 
of  8-10  layers  below  the  epidermis  (M.  tkyrsiflora^  R.  et  P.).  The  cork-cells  are 
in  all  cases  described  as  having  thin  walls.  The  spon^  cork  of  Passiflota  subcrosa 
specially  deser\'es  mention  ;  it  consists  of  cells,  which  are  strongly  elongated 
radially,  and,  according;  to  Hdhnel,  are  not  suberized.  The  primary  cortex 
frequently  contains  coUenchymatous  tissue ;  in  Malfskerbia  fascicuiata^  Don, 
a  many-layered  palisade- tissue  is  developed  below  the  epidermis.  The  peri- 
cycle  includes  isolated  groups  of  bast-fibres  or  a  sclerenchvmatous  ring.  Isolated 
grou[)s  of  bast-fibres  occur  in  species  of  Passiflora^  Aicnia^  Keramanlhus^  in 
Ackaria  and  Ceraiiosicyos,  in  Parotsia  obscura^  Hofifm.  and  Barteria  Braunii, 
Eng).,  a<;  well  as  in  GynopUura  ana  MaUsherhia  ;  a  composite  and  continuous 
sclerenchymatous  ring  is  found  in  Mitosiemma  Glazioviiy  Hast.,  in  the  older 
branches  of  BarUria  Braunii^  in  Smeaihmannia  laevigata^  R.  Br.,  S.  pabescens, 
R.  Br.,  Parobsiopsis  africana^  Engl.,  and  Soyauxia  ;  a  sclerenchymatous  ring 
composed  solely  of  short  or  elongated  parenchyma-shaped  sclerenchymatous 
cells  Ls  present  in  Physena.  Secondary  hard  bast  occurs  (species  of  Passiflora  ; 
Soyauxia).  The  structure  of  the  wall  of  the  bast-fibres  in  many  species  of 
Passiflora  (especially  in  those  belon^ng  to  the  sections  Cieca,  DecaJoba  and 
EumurucuyA,  but  also  in  P.  aceri folia  Cham,  et  Schlecht.,  and  P.  pukhella^ 
H.B.K.),  which  is  distinctly  seen  on  treating  a  transverse  section  with  chlor- 
zinc-iodine,  may  also  be  mentioned  ;  the  strongly  thickened  walls  of  the  bast- 
fibres  become  violet,  while  the  network  of  middle-lamellae  is  stained  yellowish 
(Sanio,  Harms). 

The  following  points  may  be  mentioned  in  the  structure  of  the  wood* 
The  breadth  of  the  medullary  rays  varies.  Broad  meduUary  rays  occur  both 
in  climbing  species  and  in  those  which  do  not  cUmb  {Passiflora  arborea^  Spruce, 
P.  caeruUa,  L.,  Keramantkus  Kirkii^  Hook,  f.,  Eckinotkamnus  Pechuelii^  Engl., 
Adenia  globosa^  Engl.,  TryphosUmma  liUoraU^  Engl.,  CeraUosicyos  Eckkmi^ 
Nees).  In  other  species  the  medullary  rays  are  not  more  than  four  cells  in 
breadth.  As  regards  the  shape  of  the  cells  of  the  medullary  rays  a  remarkable 
feature  is  that  in  TryphosUmma  liUoraU^  Echinothamnus  Pechudii  and  Ophio- 
caulon  Poggei^  Engl,  they  are  often  elongated  more  in  the  tangential  than  in 
the  radial  chrection.  The  size  of  the  lumina  of  the  vessels  likewise  varies  greatly 
in  this  Order.  In  the  genus  Passiflora^  which  climbs  by  means  of  tendrils, 
especially  in  P.  spicaiOy  Hart.,  the  diameter  of  the  vessels  attains  -22  mm., 
while  in  Acharia  tragioides  (fruticulus !)  it  only  reaches  024  nun.  The  per- 
forations of  the  vessels  are  usually  simf^e ;  in  certain  Passifloraceae,  bow- 
ever,  accompanying  the  simple  periorations,  others  of  the  scalariform  type, 
with  a  variable  number  of  bars,  are  present  in  different  proportions ;  the 
anomaloiLs  genus  Soyauxia  alone  possesses  exclusively  scalariform  perforations. 

The  following  special  details  regarding  the  manner  of  perforation  of  the  vessels  are 
derived  from  Harms'  work.  The  Pasiiiloreae  of  Harms  have  simple  perforations  only, 
with  the  exception  of  Miiostmmmm  Gtaiiovii,  Hast.,  in  which  scaiarilonn  perforations 
also  occur.  The  veweli  of  droHosicyot  Echloni^  which  are  provided  witn  very  wide 
lumina,  have  simple  perforatioiis  oniy,  while  in  Achmria  irmgioidis^  tcalarifonn jper- 
foratioQs  with  one  or  two  bars  have  been  observed  in  the  netghboorhood  ofthe 
phmar\'  wood.  The  Paropsieae  of  Harms  are  in  general  characterized  by  the  joint 
occurrence  of  both  forms  of  perforation  (the  scalariform  type  having  1-20  bars) ; 
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only  in  Paropsia  reticulata,  EngL  are  simple  perforations  stated  to  occur  throachovt 
In  the  Malesherbieae,  simple  perforations  predominate*  scaUrifbnn  perforatioas 
with  i>3  bars  being  also  present,  emdaUy  in  the  ncdghboorhood  of  toe  primary 
wood.     Physena,  again,  possesses  only  simple  perforations. 

The  structure  of  the  waU  of  the  vessel,  where  it  is  in  contact  with  the 
parenchyma  of  the  medullary  rays,  varies.  At  these  places  fairiy  large  roonded 
pits  are  stated  to  occur  in  Mitostemma  Glaziovii,  Mast,  and  Passi/hra  arborm^ 
Sprang.  ;  in  Adenia  venenata^  Forsk.  and  Keramanthus  KirkU^  Hook.  fiL  aD 
transitions  from  simple  to  bordered  pits  are  found;  in  HoUfungia  auramHcHn^ 
K.  Schum.  chiefly  bordered  pits  ;  in  Passifiora  Vespertilio^  L.,  Adenia  iriklmlm^ 
Engl.,  in  the  Malesherbieae  and  in  Soyauxia  bordered  pits  only.  Wood*pues- 
ch3rma  is  for  the  most  part  scantily  developed,  but  is  fairly  abundant  in  SaymwM. 
The  wood-prosenchyma  may  have  either  distinctly  bordered  or  simple  pits ; 
amon£  the  simple  pits  I  include  those  cases  in  which  the  pits  are  ixt>vided  with 
a  small  and  often  indistinct  border.  The  wood-prosenchyma  with  simpk  pits 
is  occasionally  (Acharia^  Ceratiosicyos,  Gynopleura)  septate  by  means  of  ddicate 
division-walls. 

Wood-prosenchyma  with  bordered  pits  occurs  in :  Passifiora^  Tacsomia^ 
HoUrungia  aurantioides,  K.  Schum.,  Tryfhostemma  niloticumt  EngL,  7*.  iiUormU^  Ea^ 
r.  Hanningtonianum,  Mast.,  Adenia  lanceolata,  EngL,  A,  triMaia^  En|^  Opmo- 
caulon  gummiferum,  Mast.,  and  Soyauxia  ;  on  the  other  hand,  wood-proMUchynu 
with  simple  pits  is  found  in :  Keramanthus  Kirkii,  Hook.  fiL,  Eckimoikmmmmt 
Pechuelii,  EngL,  Adenia  aculeata,  EngL,  A.  globosa,  EngL,  A.  venmmim^  Foak^ 
Acharia,  Ceratiosicyos,  the  Paropsieae  and  Malesherbieae. 

Literature :   Sanio,  in  Bot.  Zeit.  i860,  p.  309  et  leq.— MutincC,  Org.  de  itoftfao.  Am.  ib. 
nat,  i^r.  5,  t.  xiv,  1873,  pp.  191,  19a  and  pL  19.— Reinke,  in  Pringibeim  Jabrb.,  Bd.  s,  187^,11.  iM, 


169.— De  Bary,  Vergl.  Anat.,  i877.--Soleredef,  Holzatr.,  1885,  p.  i|9.— Tuner,  YcffL  AmL  d. 
Bixaccae  etc.,  Diis.,  Gbttingen,  1885.— Morini,  Nett.  ettrannz.,  Mem.  Aocad.  Bolq^Hi  i88i, 
p.  349  and  Tab.  ti,  tii. — 2^mmennann,  Pflanxenzdle,  a.  Heft,  1891,  p.  157. — Harms^  Vcrw.  d«  mmL 
Banei  fur  die  Umgr.  u.  EinteiL  d.  P.,  Engler,  Bot  Jahrb.,  Bd.  xw,  1893,  p.  548  to  6^  nd  Tab. 
\xi.— H.  Schenck,  Anat.  d.  Lianen,  18^93,  p.  148.— -Hanntjin  Natiirl.  Pflanienfaw.,  Hi.  *M,  Abt6t« 
1893,  pp.  66  and  71 

PAPAYACEAE. 

The  Papayaceae\  which  must  certainly  be  sepsirated  from  the 
Passifloraceae,  are  especially  characterized  by  the  possession  of  articulated 
laticiferous  tubes,  which  occur  in  all  parts  of  the  plant.  In  the  axis  of 
Carica  they  occur  in  the  pith,  wood  and  cortex,  and  in  the  same  positioD  in 
the  root ;  in  the  latter  the  laticiferous  tubes  situated  on  the  inner  side  of  the 
endodermis  are  in  connexion  with  those  on  the  outer  side.  In  the  leaf  of 
Carica  and  Jacaratia  laticiferous  tubes  are  principally  to  be  found  aooom- 
{)anying  the  vascular  bundles  ;  they  are,  however,  freauently  ixt>longed  for 
a  certain  distance  beyond  the  ends  of  the  vascular  bundles  and  penetrate  into 
the  mesophyll,  in  Carica  Papaya  even  as  far  as  the  ejndermts.  The  latici- 
ferous tubes  of  the  Papayaceae,  as  Riiger  has  shown  m  the  case  of  Cmricm^ 
do  not  form  a  dead  framework  of  cells  filled  with  secretion,  but  remain  per- 
manently in  the  condition  of  hving  cells,  owing  to  the  presence  of  a  ixt>toplasmic 
lining  and  of  well-differentiated  nuclei.  The  secretion  itself  is  findy  granular 
and  is  stained  yellow  by  iodine-solution.  As  is  well  known,  it  contains  a 
ferment — papain — ^which  peptonizes  proteids  (Wittmack,  Wurt<»  Boocbut, 
&c.).  We  may  add  that  Guignard  has  recently  discoverai  a  second  ferment 
in  the  Papayaceae,  identical  with  myrosin,  and  a  ^lucoside»  agreeing  with 
m>Tonate  of  potash.   Contrary  to  the  case  of  the  Cruciferae  (q.v.),  the  myrosin 

*  Carica  if  the  only  jgeaviM  which  hai  been  tnveitigaled  io  detafl. 
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in  the  Papayaceae  is  not  localized  in  special  cells.  The  cells  observed  in  the 
latter  Order  which  are  distinguished  by  their  shape,  and  are  filled  with 
special  contents*  have  nothing  to  do  with  myrosin-ceUs,  but  some  of  them 
are  tanniniferous»  while  others  are  latidferous  cells ;  the  latter  occur  in 
relation  to  the  latidferous  tubes. 

In  transverse  section  the  axis  of  Carica  shows  a  ring  of  vascular  bundles, 
which  are  separated  from  one  another  by  broad,  radially  placed  strips  of  paren- 
chyma, corresponding  to  medullary  rays.  The  vascular  bunoles  become 
further  divided  up  by  similarly  constituted  secondary  medullary  rays.  The 
xylem-mass  consists  of  unlignined  tissue,  in  which  the  vessels  are  embedded ; 
the  vessels  bear  simple  pits,  are  thickened  in  a  reticulate  or  scalariform 
manner,  and  have  simple  periforations.  Wood-OTosenchyma  is  wanting.  The 
pericyde  contains  isolated  groups  of  hard  bast.  The  secondary  phloem  is  strati- 
fied into  hard  and  soft  zones.  The  primary  cortex  is  in  part  differentiated  as 
coDenchyma.  The  sweUing,  which  is  apparent  at  the  oase  of  the  stem  of 
CtrioL^  is  due  to  dilatation  of  the  primary  cortical  tissue  and  of  the  pith. 

In  Carica  Papaya  the  leaf  is  bifadal  in  structure ;  the  spongy  tissue  is 
lacunar.  In  this  species  and  also  in  Jacaratia  Soltnsii^  Urb.,  the  stomata 
occur  only  on  the  lower  side  of  the  leaf,  and  are  surrounded  by  several  ordinary 
epidermal  cells.  In  the  leaf,  oxalate  of  lime  is  excreted  in  the  form  of  clustered 
crystals* 

Finally  it  may  be  mentioned  that,  in  the  parenchymatous  tissues  of  all 
parts  of  the  plant,  Rilger  has  observed  peculiar,  strongly  refractive  grains  of 
rather  large  size  and  of  rounded  or  irregular  shape ;  these,  in  view  of  thdr 
chemical  reactions,  are  supposed  to  consist  of  a  substance  of  the  nature 
•f  an  aldehyde. 

LtefBtare:  Schacht,  in  MoiuUsber.  Berliner  Aknd.,  13.  Not.  1856,  pp.  515-534  and  j  Tab.— 
Hanrtcin,  Milchiaftgcf.,  1864,  p.  61  ct  teq.— DippeU  Entsteh.  d.  MilchsaftgcC,  Rotterdam,  1865.— 
De  Btry,  Vergl.  Anat,  1877.— Wtttmadc,  in  BoC.  Zeitnng  1878,  p.  53J  ct  teq.— E.  Schmidt,  Plasmak. 
d.  fefL  Milchr..  Bot  Zdt.  i88f,  pp.  451-4.— Solereder,  Holiitr.,  1885,  p.  139.— FirotU  e  Marca- 
tili,  Ancora  ni  rapporti  tra  i  vasl  latidferi  coc..  Ana.  K.  1st.  bot  di  Roma,  Anno  ii,  1886,  n.  a : 
abttr.  in  loft  1886,  i,  p.  933— Riiger,  Beitr.  1.  Kenntn.  d.  Gatt.  Carua,  Dim.,  Erlangen,  1887.— 
Groom,  Fonct  oi  latidf.  tnbet,  AnnaU  of  hot.,  toI.  iii,  1889,  pp.  164.  165. — Gni^nard,  Princ. 
actiii  cbci  let  P.,  Joom.  de  hot.,  t.  viii,  1894,  pp.  67  and  85  et  leq.— Sol n»-Lan bach,  in  Natari. 
Pfjaniffim.,  iii  Teil,  Abt.  6  a,  1894,  p.  97. 

CUCURBITACEAE. 

I.  Review  of  the  Anatomical  Features.  This  Order  is  well  charac- 
teriied  anatomically.  In  almost  all  Cucurbitaceae  the  vascular  bundles  are 
bicoUateral  in  structure  ;  the  only  exception  to  this  is  afforded  by  members 
of  the  tribes  Gynostemmeae,  Zanonieae,  and  Feuilleae.  The  vascular  bundles 
are  always  separated  from  one  another  by  broad  strips  of  ground-tissue.  In 
the  herbaceous  species  a  sclerenchymatous  ring,  which  is  usually  continuous, 
is  developed  in  the  cortex  ;  in  these  forms  the  vascular  bundles  are  also  as 
a  rule  arranged  in  two  rings,  but  these  may  be  referred  to  a  single  ring  in  which 
the  alternate  bundles  project  more  strongly.  In  the  species  with  secondary 
thickening  broad  secondary  medullary  rays  arise  in  the  vascular  bundles, 
dividing  the  latter  dichotomously,  and  in  these  plants  the  external  strengthen- 
ing ring  Is  reduced  to  isolated  groups  of  scierenchyma-fibres.  Tlie  wood- 
vessels  which  as  a  rule  have  very  vride  lumina,  j^kjsscss  simple  |x.»rforations. 
The  occurrence  of  sieve-tubes  in  the  stem  outside  the  fibro- vascular  s>'stem 
is  a  wide-spread  phenomenon.  A  definite  type  of  stoma  does  not  apjjcar  in 
the  Order.  Oxalate  of  lime  has  hitherto  been  rarely  observed,  and  only  in 
the  form  of  soUtary  crystals.     Internal  secretory  receptacles  are  wanting. 
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The  hairy  covering  consists  of  (a)  simple  uniceUular  or  uniseriate  hairss  ti 
base  of  which  is  sometimes  surrounded  by  subsidiary  cells,  {b)  wart-like  or 
spiny  trichomes,  and  (c)  shortly  stalked  glandular  hairs  composed  of  in 
cells.  A  very  common  feature  m  the  Order  is  the  occurrence  of  cystohtk- 
like  structures,  which  are  found  in  the  cells  of  the  hairs  and  in  the  neighboo- 
ing  cells,  whether  belonging  to  the  epidermis  or  the  mesoph^  ;  these  stnc 
tures  are  connected  by  transitional  forms,  on  the  one  hand  with  merely  cakifcc 
and  thickened  cell-membranes  (see  also  Fic^.  86),  and  on  the  other  hand  wm 
true  cystoliths,  which  (as  double  cystoliths  or  larger  groups.  Fie.  ^f 
have  been  observed  in  the  genera  Mamardica  and  Coccinta  only.  Lasth 
silicified  cell-membranes  are  not  rare  in  the  Order. 

Anomalous  stem-structure  has  only  been  observed  in  Wilbrandu  :^ 
iicillata,  Cogn.,  where  the  cambium  of  the  inner  phloem-bundles  produo^ 
wood-elements  locally.  Anomalous  root-structure  is  more  frequent  ;  in  Ckw- 
biia  and  Thladiantha  the  wood  of  the  root  contains  phloem-islands  ;  in  Bryvm 
dioica  concentric  vascular  bundles  arise  secondarily  in  the  wood  of  the  roo: . 
the  root  of  EcbaUium  Elaterium  forms  extrafascicular  rin^  of  growth. 

2.  Structure  of  the  Leaf.  A  comprehensive  investigation  o:  :ac 
leaf-structure  in  this  Order  has  not  yet  been  made.  My  own  general  prh 
liminary  investigations  have  shown  that  bifacial  as  well  as  centric  leaf-stnirrj^ 
occurs,  and  that  stomata  may  either  be  present  on  both  sides  of  the  ki: 
or  only  on  the  lower  surface.  No  specisd  type  of  stoma  cha^acteriIe^  t^ 
Cucurbitaceae.  The  pair  of  guard-cells  is  surrounded  without  special  onrsu- 
tion  by  an  indefinite  number  of  ordinary  epidermal  cells  or  by  ceU>  i^ 
tinguished  only  by  their  smaU  size  ^  I  have  not  met  with  a  mucilagi:xe 
epidermis  in  any  case.  In  FeuiUea  cordifolia^  L.  a  one-layered  hype* 
derm  is  developed  beneath  the  upper  epidermis.  Oxalate  of  lime  apprir^ 
to  be  but  rarely  present  in  the  Cucurbitaceae.  I  have  not  observed  it  in :» 
leaf  in  any  case,  and  in  the  axis  in  Zanonia  indica^  L.  only,  where  it  is  depoatiC 
within  stone-cells,  and  has  the  ordinary  rhombohednd  form.  The  faaj 
covering  of  the  vegetative  organs,  as  far  as  is  known,  consists  of  (i)  sic:;<. 
unicellular  or  uniseriate  hairs,  not  unconmionly  accompanied  by  suhsidilr* 
cells,  which  are  sometimes  raised  above  the  base  of  the  hair  like  a  pedetii . 
(2)  wart-like  or  spiny  trichomes,  in  the  formation  of  which  the  penhifs 
is  concerned  to  a  varying  extent,  in  addition  to  the  integumental  tissue  (s^k:^ 
of  Bryonia,  Cucumis,  Cucurbita,  and  EcbaUium) ;  and  (3)  glandular  bi:.'^ 
The  glandidar  hairs,  which  I  have  seen  on  the  led  in  FeuiUea  cordifolu.  L 
Zanonia  indica,  L.,  Abobra  ienuifolia^  Cogn.,  CydanAera  explodens^  Nisi. 
and  GynosUmma  inUgrifolia,  Cogn.,  consist  of  a  fairly  short  uniseriate,  rt^* 
celled  stalk  and  a  spherical  or  ellipsoid,  glandular  head  composed  of  a  icul 
number  of  cells.  Similar  capitate  hairs  have  been  met  with  by  UhlwDn:  ' 
Ciicurbita  Pepo  and  EcbaUium  agreste^  and  hy  Volkens  in  CiinMus  Colocyidki. 
Schrad.  Martinet  has  figured  glandular  hiurs  with  a  longer  uniseriate  >ui 
and  a  disc-shaped  head,  divided  by  vertical  walls  into  four  cells,  in  Cu:^^ 
Mela.  We  may  also  mention  that  the  leaf- teeth  of  the  voung  leaves  occasicnaTy 
produce  a  mucilaginous  secretion  ;  e.g.  according  to  Keinke  in  Cucumis  Mei. 
where  the  tip)s  of  the  leaves  consist  of  a  thin-v^ed  parenchyma,  filled  »^- 
dense  contents,  and  are  clothed  with  a  small-celled  epidermis^  which  include^  i 
few  stomata  on  the  upper  side  of  the  leaf  above  the  termination  of  the  v«a' 


*  The  mach-elevated  stomata  on  high  pedeiUb  foand  on  the  firvit-ctalk  of  CmfmHdts  /^ 
maj  be  mentioned  here,  because  they  potsiblj  occnr  00  the  leavci  alio  [cf.  Fig.  169  ui  HabcrW  • 
Phystolog.  Pflanzenanatomie,  ii  Auff.). 

'  We  may  also  mention  here  the  vermiform  trichomet  (conslstiiig  of  a  row  of  riMMt  oiUi)  m  ^ 
as  the  branched  bain  with  a  oniseriate  axis  and  a  few  imicellnUr  onndhH^  oliHrwBd  by  UhhM* 
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The  occurrence  of  C3r»toHthi  or  C]rstolitli-like  stmctares  is  very  charac- 
teristic of  many  members  of  the  Order.  True  c^toliths,  in  the  form  of  double 
cystohths,  are  known  only  in  the  genera  Mamordica  (Fig.  85,  A-C)  and  Cocdnia. 
Penxig  first  observed  them  in  Momoriica  CharatUia^  L.  and  in  a  plant  described 
as  Momofdica  eckinata^  W. ;  the  latter  plant,  however,  according  to  Radlkofer, 
certainly  does  not  belong  to  M.  echinaia^  W.  ->  EMnocysHs  MnUa^  Torr.  et 


Fig  85.     Dcmble  cj«oiiUn  wid  gram^  of  cyvtoUtlM  in  Mttrntrdim :  A,  B«  Mttrntrdim  sp^ ; 
CJUrmmttm,  L.- After  Franc. 


(iray,  but  is  another  species  of  Mamordica ;  the  true  ystoliths  were  sub- 
Ni^uently  also  observed  by  Radlkofer  in  At.  tierocarpa^  Hochst.  The  cystoliths 
of  Momofdica  to  which  we  refer  are  founa  in  the  epidermis  on  the  lower 
side  of  the  leaf,  two  or  more  (3-^)  epidermal  cells,  situated  side  by  side,  and 
extending  into  the  mesophyll  to  a  considerable  depth,  containing  the  cysto- 


rin  thr  prtalft  of  Cmtur^a  Ptf§  and  in  BtkmUimm  mgnsU 
also  00  the  vcfcudTc  orgmni  o^  tbcM  or  other  mcmbcn  o^  the 


for  poMtbly  hairs  of  this  type  may  oocv 
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liths.  Each  cell  encloses  a  cystolith,  which  is  provided  with  a  distinct  stalk 
incrusted  with  a  siliceous  substance,  while  the  principal  part  is  stroo^y 
calcified,  and  after  decalcification  shows  neither  the  reaction  of  ceDolose  nor 
of  wood  nor  of  cork.  The  stalks  of  the  cystoliths  are  attached  at  corrcspoiid- 
inff  points  to  the  common  wall  of  contact.  In  the  plant  described  as  Afofwcrrfici 
echinata,  Penzi^  chiefly  met  with  double  cystoliths,  more  rarely  with  croaps 
of  3-4  cells  (hthocysts)  containing  them.  In  Momardica  ChiurtmHa  double 
cystoliths  are  only  rarely  present,  there  being  usuaUy  groups  of  3-4  litbo- 
cysts ;  here  cystoUth-formation  occasionaUy  appears  secondarily  in  the 
ordinary  epidermal  cells,  adjoining  these  groups.  These  secondary  cystoliths 
are  smaller,  narrowly  dub-snaped  structures,  mserted  singly  and  by  a  broad 
base  on  that  vertical  wall  (of  the  epidermal  Uthocyst),  which  »  turned 
towards  the  group.  In  Afamordica  Charantia^  and  still  more  dearly  in 
M.  pterocarpa^  Radlkofer  observed  regular  sieve-fields  on  the  cdls  cootain- 
ing  the  large  cystoliths ;  the  sieve-areas  dearly  facilitate  conamiionicatioQ 
between  these  ceUs  and  the  neighbouring  mesoph^-cells,  and  are  often  de* 
vdoped  in  connexion  with  a  whole  ring  of  these  adjacent  cells.  This  fact  b 
in  agreement  with  Fellerer's  observation  that  the  conunon  waU  between  the 
cystolith-cells  of  Afamordica  also  has  a  structure  resembling  that  of  sieve- 
fidds.  The  cystoliths  of  Coccinia^  which  Avetta  discovered  in  C«  p^UmaU^ 
Cogn.,  agree  essentially  with  those  of  Momardica.  Those  groups,  yiftdch  con- 
sist of  four  cystolith-cells,  differ  from  those  of  Afamordica  in  two  ways  :  they 
are  present  in  the  epidermis  on  the  upper  side  of  the  leaf,  and  are  as  a  ruk 
considerably  larger.  In  Coccinia^  as  m  Afamordica  CharanHa,  the  formation 
of  cystoliths  is  continued  in  the  adjacent  epidermal  cells. 

The  cystoUth-like  structures,  which  are  widdy  distributed  in  the  Cucur- 
bitaceae,  are  usually  restricted  to  the  cells  of  the  luurs  and  to  the  neighbouring 
cells  ;  the  latter  either  belong  to  the  epidermis  only,  or  to  the  mesophyD  also. 
They  are  often  so  much  reduced  in  size  that  they  can  no  longer  be  spoken  of 
as  cystoliths.  Those  most  resembling  cystoliths  are  protuberances  of  the  cell- 
waU,  variable  in  shape  and  without  a  stalk ;  they  are  mosUy  impregnated 
with  carbonate  of  lime,  and  project  convexly  into  the  cell-lumen ;  tbky  are 
similar  to  the  smaller  cystohths  described  above  as  occurring  in  the  cdk 
adjacent  to  the  large  cystolith-ceUs  in  Afamordica  Charaniia  and  in  Coccinia. 
From  these  structures  aU  transitions  to  a  mere  caldfied  thickening  of  the 
wall  are  found.  The  hair-cells  themsdves  rardy  contain  cystolitnic  pro- 
tuberances, which  are  of  much  more  frequent  occurrence  in  the  cells  adjacent 
to  the  hairs,  but  the  hair  always  appears  as  the  centre  of  calcification  and 
cystolith-formation,  and  therefore  the  points  of  attachment  of  the  cystolithic 
protuberances  in  the  subsidiary  ceUs  are  directed  towards  it.  Very  frequenUy 
the  formation  of  cystoUth-like  structures  extends  to  a  considerable  distance 
from  the  hair  along  the  surface  of  the  leaf,  so  that  the  groups  of  cells  in  which 
these  structures  occur  become  visible  to  the  naked  eye  as  small  round  white 
areas — false  scales — e.g.  in  Bryonia  alba  or  Cacdnia  quinqueloba^  Cogn. 
It  is  also  noteworthy  that  in  the  cystolith-like  structures  under  consideration 
(as  in  the  cystoliths  themselves),  silica  occurs  as  an  infiltration  accompanying 
the  lime  and  sometimes  exceeding  the  latter  in  amount,  e.g.  in  the  false  scaJes 
of  Coccinia  cordifolia^  Cogn.  /3  Wightiana  (according  to  Radlkofer). 

The  cystolith-like  structures  have  been  investigated  in  detail  by  Kohl  in  a 
relatively  large  number  of  Cucurbitaceae  (spedes  of  the  genera  Benincasa^  Bryonis, 
Coccinia,  Cucurbita,  Cucumis,  CycJanihera,  Luffa,  Momardica,  Prasopepon,  Sicyos, 
and  Thladiantha),  as  well  as  by  Radlkofer.  In  Luffa  marylandica  *  and  Thiadimmtkm 
dubia  cystolith-like  bodies  are  completely  absent,  according  to  Kohl,  and  the  wmDs  of 
the  hairs  are  only  slightiy  caldfied.  Prasopepon  Duriasi  only  shows  orrawonal 
slight  thickenings  of  the  membrane  in  the  basal  portion  of  the  hair.    CocctiM 
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indica,  on  the  other  hand,  has  a  more  strongly  thickened  and  calcified  hair-base ; 
in  this  plant  there  also  occur  groups  of  ordinary  epidermal  cells  having  their  common 
walls  strongly  thickened  and  calcified.  The  white  scale-like  structures  on  the  upper 
side  of  the  leaf  of  Coccinis  Moghadd^  Aschers.,  are  due  to  groups  of  epidermal  cdls, 
the  central  cells  of  which  penetrate  fairly  deep  into  the  mesophyll,  whilst  the  external 
walls  and  the  common  ¥ral]s  of  contact  are  thickened  and  calcified.  Cyclanthmra 
expi<HUns,  Sicyos  anguiatus,  5.  hryoniaefoiius^  Cucumis,  and  Benincasa  cylindrica 
agree  rather  closely  as  regards  the  formation  of  cystc^ths.  In  these  plants  the  cdb 
l)ring  around  the  base  of  the  hair  (in  part  also  belonging  to  the  mesophyll)  are  pro- 
vided with  calcified  thickening  of  their  cell-walls,  having  the  form  oi  pegs  in  Stcyos 
angulaius  and  Benincasa  cylindrical  while  they  are  less  prominent  in  'CyclanUUra 
explodens  and  Sicyos  l>ryoniaefoiius.  In  the  cells  of  the  short,  multicellular,  wart-hke 
tnchomes  on  both  sides  of  the  leaf  in  Bryonia  alba  the  waUs  possess  thickenings 
which  become  calcified ;  in  some  cases  one  can  recognize,  by  the  presence  of  a  short 
stalk,  that  the  thickenings  are  distinctly  of  the  nature  of  cystoUtna.  Radlkofer  met 
with  similar  more  or  less  distinct  cystoUth-formations  in  the  cells  adjoining  the 
hairs  in  the  species  of  Coccinia  and  Momordica  mentioned  above ;  here  they  give 
rise  to  false  scales  as  in  Bryonia, 


FicMu    I>epo>it>  or  cartxwMtte  of  Ha»  mKhtUaivt  Nmmbmrimtmx^tmm^Sfmm.    A, 
la  a  trana^ppTK  kcctioo  ol  tbr  leaf:    •,  ia  wrface-virw  (before  decaJdicatMM ;   \ht  ccacral 
abuvr  the  cell-fro«p  are  oo(  ffmred);  C,  ia  •affaca'View  after  <lecaki&caUott.<— Orifiaal. 
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Before  lea\'inp  the  subject  of  cystolithic  formations,  we  may  mention 
a  sfKHrial  case  of  calcareous  incrustation  of  the  cell-wall  occurring  independently 
oi  the  hairs,  and  obser\'ed  by  me  in  Hanburia  mexicana^  Seem.  (Bourgeau, 
No.  242().  Mexico) ;  it  belongs  to  the  same  category  as  the  structure  found 
in  Coccinia  Moghadd,  and  referred  to  above.  This  calcareous  incrustation 
(l-'i^.  86)  extends  to  groups  of  three  to  four  epidermal  cells  situated  side  by 
si(lf  on  the  upi)er  surface  of  the  leaf.  Like  the  cystolith-cells  of  Momordica^ 
thf  ci'lls  in  question  are  distinguished  from  the  rest  of  the  epidermal  cells  by 
tluir  considerable  size ;  only  a  small  portion  of  each  cell  is  exposed  on  the 
surface  of  the  leaf,  but  they  penetrate  proportionately  deep  into  the  palisade- 
tisMie,  together  forming  an  approximately  spherical  group.  The  conunon 
walls  of  contact  of  these  cells  are  only  slightly  thicken^  and  are  completely 
covered  by  an  incrustation  of  rhombohediral  crystals  of  carbonate  of  lime.  In 
Nuix»rficial  aspect  (Fig.  86,  B)  the  incnisted  cell-walls  of  each  group  ai^pear  like 
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a  cystolith  composed  of  four  or  more  rays,  similar  to  those  which  occur  in  the 
Gynocarpean  genus  SparaUanthelium,  In  a  dried  leaf  the  cdl-groaps  are 
visible  to  the  naked  eye  as  granular  dots. 

deification,  besides  occurring  in  the  cystohths  and  cystolith-like 
formations  and  in  the  cells  containing  them,  is  also  met  with  in  the 
mesophyll  in  some  members  of  the  Order,  as  I  have  observed  in  ZmtHmu 
indicOf  L.  and  FeuUUa  cordifolia^  L.  In  Zanama  indica  the  rilicified  ceOs 
are  arranged  in  the  form  of  a  sphere,  and  the  walls  which  abut  oo  one  mnother 
at  the  centre  of  the  sphore,  as  well  as  those  which  run  radially,  are  more 
strongly  thickened  and  siUcified  ;  more  rardy  the  siUdficatioo  also  ezteods  to 
ordinary  ceUs  of  the  palisade-tissue.  In  FeuiUea  coriifcUa  groups  of  cdk, 
belonging  as  a  rule  to  the  palisade-tissue,  are  found  to  differ  from  the  remain- 
ing ceUs  of  this  tissue  in  their  greater  elongation,  and  in  hemming  wlirifiwl ; 
occasionally  the  spongy  tissue  situated  below  these  celb  also  takes  part  in  the 
formation  of  the  silidned  group. 

The  petiole  of  the  Cucuroitaceae  contains  isdated  vascular  bundles  in 
the  spnnes  investigated  by  Petit,  belonging  to  the  genera  Bryamm,  Cmcmms^ 
Cucurbita^  Cyclantkcra^  EcbaUium^  Lagenaria^  Luffa^  Mdotkna^  and  SUya%\ 
these  bundles  are  arranged  in  the  form  of  a  horse-shoe  or  a  drck  in  trans- 
verse section,  those  of  larger  size  having  bicoUateral  structure.  The  mmiber 
of  the  bundles  varies  both  in  the  initial  and  in  the  characteristic  regioii. 

3.  Structure  of  the  Axis.  The  characteristic  features  oommoo  to  the 
Order,  viz.  the  bicoUateral  structure  of  the  vascular  bundles,  to  which  there 
are  few  exceptions,  the  arrangement  of  the  isolated  vascular  bundles  in  two 
rings  (this  arrangement,  however,  becoming  subsequently  obliterated  in  the 
axis  of  those  species  which  have  secondary  thickening),  the  presence  of  a 
usually  ccHitinuous  strengthening  ring  in  the  cortex  and  the  smiple  perfora- 
tions of  the  vessels,  have  already  been  duly  emphasized  above.  We  will 
now  refer  to  these  features  and  some  others  in  greater  detail. 

The  bicoUateral  nature  *  of  the  vascular  bundles  in  this  Order  has  been 
demonstrated  in  a  fairly  large  number  of  spedes '  by  Petersen,  Lotar,  A.  Fischer, 
Potter,  and  Schenck,  since  this  character  was  first  discovered  by  Th.  Haitic 
in  Cucurbita  Pepo.  A  remarkable  point  is  the  absence  of  this  anatomical 
feature  in  two  or  three  genera,  which  are  very  naturally  included  within  the 
limits  of  the  Order  on  account  of  their  exomor^^c  and  endomorphic  diaiac- 
ters;  these  genera  are  Alsomitra^  GerrardaiUkus^  and  AnisospemuL  Petersen, 
as  also  A.  Fischer  and  HdraiU  were  unable,  in  spite  of  very  careful  examina- 
tion, to  discover  any  groups  of  phloem  at  the  inner  margin  of  the  vascular 
bundles  in  Alsomitra  satcophyUa^  Roem. ;  H.  Schenck  also  feuled  to  find  them 
in  Anisosperma  Passiflara^  Mar^,  and  A.  Fischer  in  a  species  of  G^nrni- 
anihus^  the  name  of  which  is  not  given.  According  to  my  own  observation^ 
FeuUUa  cardifolia^  L.  and  GynosUmtma  inUghfolia^  Cogn.,  which,  however, 
were  only  examined  in  dried  material,  also  appear  to  be  without  internal 
soft  bast,  and  in  Zanonia  indica^  L.,  IncollateraJ  structure  does  not,  at  any 


■  According  to  H^riil  the  Cvcnrbitaceae  alone.  Among  the  Ordcfi  in  which  intrmzykry  phlof 
ift  known,  potMS  tree  btcolUtenl  bondlcft.  For  only  in  this  Order  b  the  inner  phloem  iffmwed  ■• 
primary  in  origin,  i.  e.  as  proceeding  from  the  same  strand  of  mcrtstem  as  the  primary  wood  and 
bast  That  the  intrazylary  phloem  belongs  to  the  Tascnlar  handle  is  also  indicated  by  the  hfA  Chnt 
the  inner  soft  bast  borders  directly  on  the  groop  of  primary  wood. 

*  These  belong  to  the  following  genera,  which  are  here  taken  as  defined  br  Cognlan  in  kit 
Monogimph:  T^uhasmttUs,  U^gmaria^  TlUadumtkm^  Mmmrdk^  Utf^  EMHmm^  Brtwrnim^ 
Bfy^mfns,  Cmnumis^  CitruUm,  BanmasA,  Csfdmim^  CmcmrMm,  tVi/hnamJim,  MthtkHm^  Kmrw&Ht^ 
Mmxitmmnctim^  Cucur^eUm^  AMrm^  E€kim§€yttis^  Cyelmmilurm^  Sitys^  Siejuftrmm  and  Mierm- 
MritmH.  To  these  I  am  able  to  add  Afti$mUmmm  timermm,  GriC  (Uiht  Gomphogynent)  horn  mtf 
own  iniefltigation. 
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rate,  extend  to  all  the  bundles.  The  genera  mentioned  above,  which  have 
or  appear  to  have  simple  collateral  bundles,  belong  to  the  tribes  Gynostem- 
meae,  Zanonieae,  and  Feuilleae. 

The  vascular  bundles  are  inserted  as  isolated  strands  in  the  ground- 
tissue  of  the  stem  and  are  separated  from  one  another  by  broad  radial  stnps 
of  groimd-tissue,  which  may  be  described  as  primary  medullary  rays.  The 
bundles  are,  as  a  rule,  arranged  in  two  rings,  but  may  be  referred  to  a 
single  ring  of  bundles,  which  usually  project  alternately  towards  the 
exterior  and  interior.  Typically  each  of  the  two  rings  contains  five  vas- 
cular bundles  corresponding  to  the  cross-section  of  the  stem,  which  usually 
has  five  angles.  Occasionally,  however,  a  different  number  of  bundles 
may  occur,  as  is  shown  by  the  following  statements  of  Petersen  (cf.  next 
paragraph)  and  others  of  a  similar  kind  in  Lotar's  work.  Great  systematic 
value  should  not,  however,  be  attributed  to  the  number  of  the  vascular 
bundles,  because  various  deviations  occur  in  the  different  intemodes  of  the 
same  shoot. 

Bryonia  alba  has  seven  outer  and  five  inner  vascular  bundles.  Cucutrbiia  Ptpo^ 
C.  Melopepo,  CitruUus  $duiis,  EchinocysHs  lobata,  Momordic0  Charantia,  Lmgenans 
vulgaris,  Eopepon  vitifoiius,  Benincasa  c^rifera,  Cucumis  Colocynikis  have  five  outer 
and  five  inner  bundles  ;  the  plants  last  mentioned,  however,  have  some  extremely 
small  bundles  in  addition  to  the  ten  normally  present.  Cucumis  praphsUmmit 
C.  nuduUifera,  Sicyosptrmum  graciU^  TlUadiantka  dubia^  Rkynckocarpa  afncmu^  and 
Trichosanikes  ovigera  have  five  bundles  in  the  outer  and  four  in  the  inner  ring. 
AUomitra  sarcophyUa  has  four  bundles  in  each  of  the  two  rings.  Bryonopsis  eryikro- 
carpa,  Cyclantkera  elastica,  C,  p§daU^  Sicyos  anruiaius^  Luffa  atnarm^  Conumdra 
dissecta,  Momordica  Balsamina^  M,  Hub^,  Frasopip<m  Duria^,  M$loikfia 
C%uumis,  Af .  pendula^  Mukia  scabreUa^  and  Zskneria  sutnns  have  five  outer  and  three 
inner  bundles  ;  some  of  these  plants  have  one  or  two  additional  bundles  of  soft 
bast.  Cucumis  perennis  has  9  or  10  bundles  arranged  in  two  rixigs  ;  each  bundle, 
however,  is  accompanied  by  two  smaUer  strands,  which  run  on  either  side  of  and 
parallel  to  the  larger  bundles,  and  now  and  then  fuse  with  the  latter,  especially  in  the 
neighbourhood  of  the  nodes. 

Wliile  the  species,  so  far  cited,  show  the  vascular  bundles  arranged  in 
two  rings  (at  least  in  the  young  axis)  the  bundles  in  the  round  stem  oiEcbal- 
Hum  agresU  are  disposed  in  one  ring  only  (De  Bary).  It  has  already  been 
indicated  above  that  the  arrangement  of  the  bundles  in  two  rings  becomes 
obliterated  in  those  genera  the  bundles  of  which  possess  considerable  secondary 
growth  in  thickness,  such  as  Potter  has  described  in  Cepkalandra  indica,  Naud., 
TrichosafUhts  viliosa^  Bl.  and  T.  anamalayana^  Bedd. ;  to  these  we  may  add 
the  stems  of  WUbrandia  veriiceUata^  Cogn.  and  Anisosperma  Passiflora^  Manso 
investigated  by  H.  Schenck,  as  well  as  Alsomitra  sarcopkyUa  according  to 
H^ail.  In  these  species  an  interfascicular  cambium  is  present,  and  by  means 
of  it  the  primary  medullary  rays  are  enabled  to  keep  pace  with  the  growth 
in  thickness  of  the  bundles.  Interfascicular  formation  of  wood  and  bast, 
however,  does  not  take  place  in  the  plants  (mentioned  above)  examined  by 
Potter  and  H.  Schenck.  On  the  other  hand,  interfascicular  development  of 
wood  and  bast  was  observed  by  Hdrail  to  occur  locally  in  the  herbaceous  stem 
of  Lagcnaria,  As  regards  the  growth  in  thickness  of  the  xylem  in  WUbrandia 
and  Anisosperma,  it  may  be  mentioned  that  in  the  thickened  stems  the  seg- 
ments of  the  wood  form  longitudinal  plates,  broadening  outwards,  and,  together 
vTiXh  their  respective  phloem-groups,  become  divided  dichotomously  by 
secondary  meduUary  rays,  which  are  similar  to  and  of  the  same  breadth  as 
the  primary  rays. 

The  wood  contains  vessels  with  very  wide  lumina  (reaching  -38  mm,  in 
diameter)  and  simple  perforations;  in  WHbraniia  and  Anisosperma  there 
arc   also    tracheidcs,  as   well  as  simple  wood-fibres.     The   phloem-groups 
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are  characterized  by  sieve-tubes  with  wide  lumina ;  the  structure  of  these 
elements  has  repeatedly  formed  the  subject  of  investigatioiis  (Th.  Hartig, 
Nageli,  Wilhelm,  A.  Fischer,  &c.)*  1^^  internal  soft  ba^t  sometimes  sbofws 
secondary  thickening,  and  in  Wilbrandia  verticellaia^  according  to  H.  Schenck, 
it  presents  a  peculiarity  which,  in  older  stems  than  those  hitherto  examined, 
may  perhaps  lead  to  a  complicated  anomalous  structure ;  in  two  of  the 
inner  strands  of  phloem,  in  a  piece  of  the  stem  of  this  spedes,  H.  Schenck 
observed  a  small  strand  of  xylem ;  these  two  xylem-strands  are  of  seccmdary 
origin,  and  arise  through  the  activity  of  the  cambium  belonging  to  the  inner 
phloem. 

In  the  outer  cortex:,  Petersen  first  described  the  occurrence,  in  the  species 
investigated  by  him,  of  a  sclerenchymatous  ring  consisting  of  prosenchymatous 
elements.  This  ring  of  sclerenchyma,  which  is  usually  contmuous  and  often 
has  an  undulating  course  in  the  transverse  section  of  the  branch  (corre- 
sponding to  the  projecting  vascular  bundles),  appears  to  be  present  in  all 
the  herbiaceous  members  of  the  Order  which  do  not  exhibit  any  considerable 
amount  of  growth  in  thickness.  In  those  spedes,  on  the  other  hand,  which 
form  a  woody  stem,  the  sclerenchymatous  nng  is  wanting,  since  in  this  case 
mechanical  support  is  afforded  by  the  ring  of  wood  ;  e.g.  in  the  species  investi- 
gated by  Potter  and  H.  Schenck,  already  quoted  several  times.  In  these 
species  the  sclerenchymatous  ring  is  replaced  by  small  isolated  bundles  of 
sclerenchyma-fibres.  The  ring  of  sclerenchyma  in  the  herbaceous  species  etther 
borders  directly  on  the  phloem  or  is  separated  from  the  latter  by  a  variable 
number  of  cell-layers  belonging  to  the  pericyde. 

Formation  of  cork  is  rare  (Zanonia  iniica^  L.),  and  has  only  been  observed 
in  relatively  thick  stems ;  the  cork  arises  in  the  primary  cortex. 

The  sieve-tubes  which  occur  outside  the  vascular  bcmdles  are  of  special 
interest  to  systematists  and  others.  They  were  first  observed  by  Suuo,  and 
subsequently  by  certain  other  investigators ;  thus  De  Bary  described  the  occur- 
rence of  sieve-tubes  situated  in  the  cortical  parenchyma  outside  the  ring  of 
vascular  bundles,  as  a  constant  feature  in  thick  stems  of  members  of  this  Oraer 
{Cucufbiia^  Lagtnaria^  Cucumis^  EcbaUium) ;  again  in  CucurbUa^  LagemmnM^ 
and  Zehneria  Petersen  recognized  the  series  of  sieve-tubes  uniting  the  phloem- 
groups  of  neighbouring  bundles  ;  and  lastly,  J.  E.  Weiss  has  given  an  account 
of  the  occurrence  of  scattered  groups  of  phloem  in  the  stem  of  Cucu$iiis  permmis. 
We  owe  an  accurate  investigation  of  the  features  in  question  to  A.  Fischer. 
Apart  from  the  sieve-tubes  of  the  vascular  bundles,  A.  Fischer  distinguishes : 
fi^tly,  '  hypodermal  or  ectocyclic  '  sieve-tubes,  that  is  those  which  are  present 
between  the  epidermis  and  the  ring  of  sclerenchyma ;  secondlv,  '  entocydic ' 
sieve- tubes,  situated  on  the  inner  side  of  the  ring  of  sderenchyma,  but  not 
bdonging  to  the  inner  or  outer  sieve-tubes  of  the  vascular  bundles  ;  and  lastly, 
'  commissural  sieve-tubes,'  which  unite  the  different  lands  of  sieve-tubes  wiUi 
one  another. 

A.  Fischer  investigated  twenty-eight  spedes  of  Cucurbitaceae  with  regard  to 
the  distribution  of  sieve-tubes,  ana  distinguishes  the  following  six  types : 

1.  Alsomitra-tyipei  vascular  bundles  of  the  simple  collateral  type,  without 
commissural  sieve-tubes  and  without  ectocyclic  or  entocyclic  sieve-tubes  (AUotmU^m. 
Gerrardanthus), 

2.  Luffa-type :  vascular  bundles  bicollateral ;  protophloem-sieve-tubes  akxhe 
occur,  appearing  at  the  outer  limit  of  the  procambial  strands,  situated  opposite  the 
angles  of  the  intcmode,  and  lying  on  the  inner  side  of  the  rudiment  of  the  scleren- 
chymatous ring  ;  they  may  be  referred  to  the  vascular  bundle-system,  or  may  be 
described  as  entocychc  sieve- tubes  {Luff a,  Mamordica,  Trichosanthss,  TklaiinUhm^ 
Bryonopsis), 

3.  Bryonta-type :    vascular  bundles  bicollateral ;    numerous  entocyclic 
tubes  present ;  ectocyclic  and  commissural  sieve-tubes  are  absent  {Bryonim)* 
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4.  Cycianthsra'type :  vascular  bundles  bicoUateral ;  numerous  entocydic 
sieve- tubes,  connected  with  one  another  and  with  the  sieve-tubes  of  the  vascular 
bundles  by  means  of  few  commissures  ;  no  ectocydic  sieve-tubes  {Melothria^  Cyclan- 
ihera,  Coniandra^  Rhynckocarpa,  Cepkalandra^  Ahobra^  Maximowicxia^  EcbaUium^ 
Colocynihis). 

5.  Lagenaria-typt :  vascular  bundles  bicoUateral ;  numerous  entocydic  sieve- 
tubes  and  an  abundant  network  of  commissures ;  no  ectocydic  sieve-tubes  (CitruUas^ 
Benincasa,  Coccinia^  Sicyos,  Sicyosterma^  Microsechium^  Cucumis^  Lagenaria), 

6.  Cuc«r6tYa-type :  vascular  bundles  bicoUateral ;  ectocydic  and  entocydic 
sieve- tubes  as  weU  as  an  abundant  network  of  commisures  {CucurbiteUa^  WUbrandia^ 
Cucurhita), 

3.  Struoture  of  the  root.  Some  members  of  the  Order  have  roots  with  anoma- 
lous structure.  These  are :  Cucurhita,  according  to  Van  Tieghem  and  Fischer ; 
Thladiantha  dubia,  Bge.,  according  to  DutaiUv,  and  Scott  and  Brebner;  Bryonia, 
according  to  Stahl  and  J.  £.  Weiss ;  and  EciaUium  ElaUrium,  according  to  Van 
Tieghem,  Morot,  and  Avetta.  Cucurbita  is  distinguished  by  the  occurrence  of 
islands  of  soft  bast  situated  in  the  wood  and  connect^  with  the  intraxylary  phloem 
of  the  axis.  In  Thladianiha  dubia,  bundles  of  phloem  (i.  e.  interxylary  phloem)  occur 
in  the  radial  rays  of  unhgnified  parenchyma,  which  characterize  the  wood  of  the  root 
in  this  species  ;  some  of  these  phloem-bundles  are  formed  by  the  cambium  on  its 
inner  side,  but  others  arise  secondarily  as  new  formations  ;  there  is  every  probability 
that  they  arc  also  in  part  connected  with  the  intraxylary  phloem  of  tne  stem.  In 
Bryonia  dioica  cambial  tissue  is  formed  around  individual  groups  of  secondary 
vessels  belonging  to  the  wood  of  the  root ;  this  tissue  produces  xylem  (without 
vesseb)  towards  the  centre,  and  phloem  on  the  side  away  from  the  centre  of  the  group 
of  vessels  concerned  ;  hence  concentric  vascular  bundles  are  formed  in  the  wooo. 
Ecballium  Elaterium  possesses  quite  a  different  anomaly,  namely,  successive  rings 
of  growth  ;  the  secondary  zones  of  growth  arise  in  an  extra-tasdcular  position 
in  the  pericycle ;  in  addition  to  this  a  secondary  pith  is  formed  in  this  plant 
by  dilatation,  and  inversely  orientated  vascular  bundles  are  devdoped  at  the 
margin  of  this  pith.  Finally,  it  may  be  mentioned  that  the  thicker  roots  of  the 
Cucurbitaceae  freaucntly  possess  a  pith  containing  intraxylary  groups  of  soft  bast, 
wliich  subsequently  may  become  converted  into  inverady  orientated  vascular 
bundles  (Van  Tieghem). 

Literature :  [I^eatibudoit,  £t.  »ur  Tanat  et  la  phyt.  dcs  t^..  UUe,  18^]— Th.  Hartig,  in  Bot. 
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S>c.,  vol.  vit,  pt.  I,  1889.  PP*  14-16  <^  pl-  it  ii>  ^  ^^  loc  dt.,  pC.  J,  1890.— Radlkofer,  GUed.  d. 
Kam.  d.  Sapindac,  Sttx.-Ber.  Miinch.  Akad.  1890.  p.  117  et  seq. — Scott  and  Brebner,  Internal 
iihK>em  in  the  root  etc,  Annals  of  bot,  toL  t,  1891,  p.  373  et  seq.  and  pi.  xTitt. — Strasborger, 
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1.  Review  of  the  Anatomical  Features.  In  all  cases  the  stomau 
are  found  exclusively  on  the  lower  side  of  the  leaf ;  the  guard-cells  arc  in- 
variably surrounded  by  3-6  subsidiary  cells,  which  are  arranged  in  one  or 
two  circles.  The  association  of  several  stomata,  together  with  their  subsidiary 
cells,  to  form  groups  (Fig.  87,  ^4)  is  characteristic  of  certain  species  only.  The 
vascular  bundles  of  the  axis  are  isolated^  being  separated  from  one  another 
by  strif)s  of  lignified  prosenchymatous  tissue  or  thin-walled  parenchyma. 
The  xylem  contains  wood-prosenchyma  with  simple  pits,  wood-paren- 
chyma and  vessels  having  a  kind  of  scalariform  bordered  pitting.  The  per- 
forations of  the  vessels  are  simple  as  well  as  scalariform,  and  in  the  latter 
case  have  numerous  bars ;  scalariform  and  simple  perforations  are  sonae- 
times  found  combined  on  the  same  division-wall  of  the  vessel  (Fig.  89,  A-B), 
The  epidermis  of  the  axis,  like  that  of  the  leaf,  is  usually  many-layered.  In 
the  veins  of  the  leaf,  in  the  petiole  and  in  the  outer  cortex  of  the  axis  typical 
coUenchyma  is  of  frequent  occurrence.  Medullary  or  cortical  vascular  bund]e5 
are  only  present  in  certain  cases.  In  the  same  way  the  occurrence  of  branched 
spicular  cells  in  the  leaf  (Fig.  87,  B)  and  of  mechanical  elements  accompanying 
the  vascular  bundles  in  the  axis  and  leaf  are  only  of  importance  for  specific 
diagnosis.  Oxalate  of  lime  is  excreted  in  forms  belonging  to  the  tetragonal 
system,  and  occurs  as  solitary  crystals  of  various  shapes  and  also  as  clustered 
crystals.  Cystohth-Hke  structures  (cystotyles  and  cystospheres.  Fig.  87,  C-E). 
which  occur  in  pairs  corresponding  to  the  well-known  double  cystoliths,  are 
for  the  most  part  of  systematic  importance  for  certain  sections  of  genera. 
Lastly,  the  structure  of  the  hairs  (Fig.  88)  is  exceptionally  varied.  The  foBowinc 
types  occur :  ordinary  uniseriate  hairs,  multiseriate  shaggy  hairs  with  varied 
structure,  two-armed  shaggy  hairs,  stellate  hairs,  tufted  hairs,  small  scales, 
as  well  as  short-  and  long-stalked  glandular  hairs  with  various  types  ot 
structure  in  the  stalk  and  head. 

2.  Structure  of  the  Leaf.  The  leaf-structure  was  very  thoroughly 
examined  by  Fellerer ;  his  statements,  which  I  repeat  briefly  below,  air 
based  on  the  investigation  of  no  less  than  282  species.  It  is  impossibk 
in  this  book,  owing  to  limited  space,  to  enumerate  all  the  species  in  which 
the  individual  anatomical  characters  occur,  and  I  must  therefore  let  a  fev 
examples  suffice,  referring  the  reader  to  Fellerer's  treatise  for  further  informa- 
tion. 

The  epidermal  cells  of  the  leaf  have  relatively  large  lumina  (mean  super- 
ficial diam.  =  •06  mm.),  and  as  a  rule  possess  straight  lateral  walls,  in  rare 
cases  slightly,  but  never  strongly  undulated;  the  cells  have  approximately  the 
same  structure  on  both  sides  of  the  leaf.  The  siie  of  the  epidormal  ceUs,  or 
rather  their  superficial  diameter,  may  sometimes  be  employed  either  for  the 
recognition  of  certain  sections  of  genera  or  in  the  diagnosis  of  individual  species 
within  the  same  section.  Formation  of  papillae  on  the  epidermis  of  the  upper 
side  of  the  leaf  is  very  widely  distributed  ;  it  occurs  in  about  one-eighth  of  the 
species  examined  by  Fellerer,  but  it  is  not  of  systematic  value  for  large  groups 
of  species,  and  can  only  be  employed  with  caution  even  for  specific  diagnosis. 
since  papillae  may  sometimes  be  present  and  sometimes  absent  in  the  sane 
species.  The  presence  of  papillae  on  the  lower  epidermis  of  the  leaf  is  rdativdy 
rare  {Begonia  heracleifolia,  Cham,  et  Schlecht.  and  other  species).  The  walls  o! 
the  epidermal  cells  are  mostly  very  thin.  The  cutide  is  likewise  very  thin. 
mostly  granular  (e.g.  in  Begonta  Balmistana^  Ruix  and  other  species)  or  striate 
{B.  bulbiUifera^  Link  et  Otto)  or  with  irregular  vemicose  thickenii^  (B.  Kar- 
wiftskyana,  A.  DC.  and  other  species).    Tlie  vertical  angles  of  the  epidermal 
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cells  are  commonly  distinguished  by  collenchymatous  thickening  (e.g.  in  B. 
Cumingiana^  A.  DC.  or  B.  subvtUosa,  Kl.).  The  cell-sap  of  the  epidermal 
cells  is  most  commonly  colourless,  though  it  may  often  be  coloured  red  on  the 
lower  side  of  the  leaf  (in  species  inhabiting  virgin  forests). 

Beneath  the  epidermis  in  venr  many  cases  (in  121  species  among  the 
282)  a  one-  or  many-layered  hypoderm  occurs ;  it  is  usually  present  on  both 
sides,  as  for  example  in  the  section  Gireoudia^  more  rarely  only  on  one  side 
of  the  leaf ;  in  the  latter  case  it  occurs  much  more  frequently  on  the  upper 
(e.g.  in  the  section  SchtidweiUria)  than  on  the  lower  side  (in  the  section  tupe- 
talum),  Developmentally  this  hypoderm  belongs  to  the  integumental  tissue, 
according  to  Pfitzer's  investigation.  The  hypodermal  cells  as  seen  in  surface- 
view  are  mostly  distinguished  by  the  large  size  of  their  lumina  (diam.  -> 
•043—2  mm.) ;  in  consequence  of  this  the  hypoderm  may  often  be  recognized 
on  the  up))er  side  of  the  dried  leaf  as  a  delicate  network  with  distinct  meshes. 
The  vertical  angles  of  the  hypodermal  cells  are  commonly  thickened  like 
collenchyma. 

The  stomata  are  found  exclusively  on  the  lower  side  of  the  leaf,  and  are 
never  present  in  very  great  numbers.  In  this  Order  each  pair  of  guard-cells 
is  surrounded  by  3-6  subsidiary  cells,  which  are  mostly  thin-walled  ;  of  these, 
three  form  an  inner  ring,  around  which  the  remainder,  when  present,  are 
grouped.  According  to  Strasburger,  the  course  of  development  of  this  stomatal 
apparatas  is  the  same  as  in  the  Crassulaceae.  That  is  to  say,  the  initial  cell 
divides  by  successive  vertical  walls,  running  in  three  directions,  so  as  to 
produce,  besides  the  mother-cell  of  the  guard-cells,  a  single  or  double  belt  of 
subsidiary  cells  surrounding  it.  The  whole  stomatal  apparatus  consisting 
of  a  pair  of  guard-cells  with  its  subsidiary  cells  may  either  be  inserted  in 
the  epidermis,  or  may  have  the  whole  or  part  of  its  margin  resting  upon  it. 
On  the  basis  of  these  features  Fellerer  distinguishes  the  following  types  : 
a  flash  ('  eingeklemmt ')  stomatal  apparatus,  and  also  the  suspended 
(*  eingehangt '),  overlapping  ('  iibergreifend  '),  half-flush  ('  halbseitig  einge- 
klemmt '),  and  half-suspended  (*  halbseitig  eingehangt ')  types,  these 
l)eing  characteristic  of  certain  species.  The  stomata  are  either  solitary  or 
united  into  groups.  The  c^roups  of  stomata  (Fig.  87,  A)  are  mostly  recog- 
nizable even  with  the  naked  eye  as  white  dots  or  spots,  and  can  be  employed 
lor  systematic  purposes.  Fellerer  distinguishes  overlapping  (*  iibergreifende ') 
stomatal  group  from  such  as  do  not  overlap.  The  former  lie  with  their  margins 
u}X)n  the  epidermis  ;  the  latter  are  on  the  same  level  as  the  rest  of  the  epi- 
dermal cells.  Before  leaving  the  subject  of  stomata  the  water-pores  may  be 
mentioned.  They  occur  now  and  then  on  the  upper  side  of  the  leaf  near  the 
margin. 

The  mesophyll  of  the  leaves  is  usually  composed  of  palisade-tissue, 
which  is  invariably  one-layered,  and  of  spongy  tissue,  one  or  more  layers 
in  thickness.  In  rare  cases  {B.  alckemilioides^  A.  DC.  and  other  species)  the 
mesophyll  consists  of  ordinary  parenchymatous  tissue  only.  The  palisade- 
cells,  when  elongated,  conunonly  show  a  concertina-like  folding  of  the  lateral 
walls  ;  when  short,  they  become  narrower  inwards  and  have  a  conical  form. 
In  most  cases  the  palisade-cells  fit  closely  together.  The  'silver  spots*  on 
tho  leaves  of  the  Begoniaceae  are  due  to  the  fact  that  the  palisade-tissue  is 
locally  interrupted,  and  is  replaced  at  these  points  by  spherical  cells,  which 
have  the  characters  of  the  spongy  tissue,  and  are  surrounded  by  intercellular 
si>aces  containing  air.  A  differentiation,  which  is  especially  worthy  of  mention, 
is  shown  by  a  certain  number  of  the  palisade-cells  in  Casparya  grewiaefolia^ 
A.  DC'.,  C.  trachyptera.  A.  DC.,  and  C.  UrHcae,  A.  DC.  B.  his^a,  in  which 
t  hcse  cells  are  developed  like  stone-celk ;  in  those  of  Begonia  conchaefolia^  Dietr., 
the  upjRT  wall,  as  well  as  the  upper  half  of  the  lateral  walls,  is  thickened. 
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The  spongy  tissue  presents  no  special  features;  the  intercellular  space 
are  usually  smaU,  but  in  rare  cases  they  may  be  large.  As  special  dcmenc 
of  the  mesophyll  branched  spicular  cells  (Fig.  87,  B)  appear  in  certain  BeffmA^ 
which  are  very  closely  related  to  one  another ;  these  cells  are  of  variow 
shapes,  with  a  pitted  waU  of  varying  thickness,  and  their  lumen  sometimes 
contains  a  crystal  of  oxalate  of  Ume.  Spicular  cells  were  observed  by  Fellere: 
in  Begonia  angularis,  Raddi,  B.  arboresctns,  Raddi,  B,  sienapkylla,  A.  DC, 
B  paUaia,  A.  DC,  B.  patvipeUata,  A.  DC.,  and  B.  fnUicosa,  A.  DC. 

With  regard  to  the  structure  of  the  veins,  it  may  be  remarked  that  the 
ground-tissue  of  the  larger  veins  often  contains  strongly  developed  and  typically 
differentiated  coUenchyma  beneath  the  epidermis,  and  that  the  vascula: 
bundles  in  certain  species  are  accompanied  by  special  mechanical  tissue.  Tbr 
latter  consists  of  elongated  sclerenchyma,  which  is  either  of  the  nature  0: 


Pig.  87.  A,  StooiaUl  groap  of  Catfarym  fuektia^fUrm^  A.  DC  B.  Bimiicfaed  ipicalar  cell  fro«  tkr  Wv^ 
BtgonU  arbortctnt^  Raddi.  c,  Dooble  cjstocrle  of  B,  hucuriatts,  Hort.  Moose  tK  Domhkt  cjmmto  ti  J 
^akat^  A.  DC.  after  treotmeot  with  alcobol.  B,  Double  cyHoiphtre  of  A  htttvirtmM,  Vaa  HoMtte— After  TcBov 

prosenchyma  or  parenchyma.    Sometimes  also  wide-lumened  stone-cells  occn: 
in  the  neighbourhood  of  the  vascular  bundles. 

The  hairy  covering  is  exceptionally  varied  and  is  suitable  for  employmect 
in  specific  diagnosis.    Fellerer  distinguishes  two  main  classes  of  tnchomes 
(i)  hairs  in  which  a  head  is  not  present,  and  (2)  capitate  hairs. 

The  hairs  of  the  first  type  are  always  multiceUular,  and  in  the  simples: 
case  are  ordinary  uniseriate  hairs.  The  latter  are  connected  with  the  main- 
seriate  shaggy  hairs  by  transitional  forms.  A  special  form  of  shaggy  hair  ^ 
that  in  which  the  outermost  cells  of  the  hair  have  free  mammilliform  tips,  an-: 
stand  out  from  the  hair  like  the  scales  of  an  open  Coniferous  cone  (Fig.  88.  .4) 
Another  special  form  is  found  in  Begonia  monaddpha^  Ruiz  et  Pkv.,  B,  pam- 
flora,  Poepp.  ct  Endl.  (Fig.  88,  B),  a.  muricata^  Scheidw.  and  other  species,  ic 
which  the  shaggy  hair  is  reduced  to  a  few  cells  and  becomes  a  shortly  spinous 
star-like  structure.  Two-armed  shaggy  hairs  sometimes  occur  {BegammsoU- 
nanthera,  A.  DC,  Fig.  88,  C) ;  in  these  the  portion  forming  Uie  arras  consists  oi 
several  rows  of  cells.  If  wc  imagine  the  arm-portion  in  the  preceding  t>7« 
extended  to  form  a  one-layered  plate  of  cells,  we  can  associate  with  it  tliov 
superficially  extended  or  .scale-like  structures,  which  usually  have  a  hisiionn 
outline  and  occur  in  B,  xantkina^  Hook.,  B.  ovaHfolia^  A.  DC.  and  B.  solrac*- 
thera,  A.  DC.    Again,  the  transitions  from  sha^[y  hairs  to  true  emergences 
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are  interesting ;  the  parenchyma,  situated  beneath  the  epidermis,  contributes 
to  the  formation  of  these  haurs,  which  are  stiffened  by  sclerenchymatous  pros* 
cnchyma-cells.  The  emergences  in  question  were  first  described  by  Haber- 
landt  in  Begonia  imperialism  Lem.  var.  smaragdina^  and  were  also  demonstrated 
by  Fellerer  in  B.  tulumbiifolia,  Cham,  et  Schlecht.,  B,  pusiulaia^  Liebm.  and 
B.  violaefolia,  A.  DC.  Another  type  of  hair,  in  which  no  head  is  present,  has 
been  termed  by  Fellerer  a  whip-like  hair  (Fig.  88,  D),  He  means  by  this  tenn 
ver>*  long  (up  to  2  nrni.  or  more)  and  at  the  same  time  very  narrow  hairs 
(breadth  scarcely  above  -03  nmi.),  in  which  one  can  distinguish  a  kind  of  whip- 
handle,  a  basal  portion  and  a  long  lash-like  terminal  portion.  The  basal  and 
terminal  portions  may  consist  of  one  row  of  cells,  or  the  basal  portion  may  be 


Fig.  8S.  PoroM  of  tridMimei  of  tte  Befoai*c«M :  A,  BupmiM  kitpidm^  Sdntt ;  ■,  A  ^trviMtrm^  Po9P^  « 
tladL  ;  c.  B.  soiurnmUkerm.  A.  DC ;  D,B.  Mriemmru,  Uebflk  ;  B,  A  </»■■<»,  Wall :  P.  A  ^rwtmimnM, 
Moorv :  c,  A  mrthnimf^bm^  Reg.  t  ■,  B.  jcmmiAtm^  Hook. ;  I,  A  rkimmrpm^  Piodk— After  Fellerer. 

uiiiMTidte  and  the  terminal  portion  multiseriate.or  conversely  the  basal  portion 
niultiscriate  and  the  terminal  portion  uniseriate,  or  lastly  basal  and  terminal 
j)ortionN  may  both  be  multiseriate.  Besides  these  there  are  stellate  hairs  (Fig. 
i<S,  /:')  uith  a  stalk,  which  is  usually  unicellular  and  bears  four  arm-cells,  spread 
out  in  one  plane  and  placed  at  right  angles  to  one  another  {Begonia  sinuaia^ 
Wall),  and  there  are  also  shortly  stalked  tufted  hairs  with  a  uniseriate  stalk 
aiul  unicellular  rays  (B.  parvipeUaia.  A.  DC.,  and  B,  grisea.  A.  DC.). 

Amongst  the  capitate  hairs  (glandular  hairs.  Fig.  88,  F-/)  we  likewise  meet 
with  vaiious  types  of  differentiation,  due  to  the  diverse  structure  of  the  stalk 
and  hoad.  The  head  may  consist  of  few  or  many  cells,  and  may  be  spherical^ 
elli}>^oi(iaU  club-  or  hammer-shaped.  The  stalk  of  the  glandular  hairs  is 
ntluT  short  and  uniseriate  or  consists  of  a  shaggy  hair,  which  varies  in  length 
and  structure.    With  the  glandolar  hairs  we  must  also  class  the  curious  pearl- 
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glands,  which  were  discovered  by  Heyen  in  Begonia  plaianifolia  and  B. 
t(dia,  and  which  also  occur  in  B.  rcticulaia.  They  are  relatively  large,  spherkalv 
multicellular  vesicles,  with  quite  a  short  stalk ;  they  appear  of  an  aqueous 
clearness,  and  fall  off  at  the  least  touch  ;  according  to  Penxig  and  Warburg, 
this  latter  feature  sufi;gests  an  investigation  of  a  possible  relation  of  these 
glands  to  ants  (namely,  as  food-bodies).  In  consequence  of  their  falling  oi 
so  easily  Meyen's  glands  are  only  exceptionally  to  be  met  with  on  herbanum 
material. 

Amongst  the  contents  of  the  cells  in  the  tissues  of  the  Begoniaceae,  the 
crystals  of  oxalate  of  lime  and  the  cystoUth-like  structures  principally  require 
mention.  The  crystals  belong  to  the  quadratic  system,  and  either  appear 
singly  as  octahedra,  the  shape  of  which  may  be  like  that  of  an  envelope,  or 
as  quadratic  prisms,  combined  with  the  octahedron.  Now  and  then  (e.g.  in 
Begonia  cucuUata^  Willd.,  B.  martinicensis^  A.  DC.,  &c.)  a  kind  of  crystal* 
sand  is  found,  in  which  larger  soUtary  crystals  are  embedded.  Side  by  ade 
with  the  solitary  crystals,  clustered  crystals  occur,  which  are  apparentiy 
composed  of  individuals  of  the  quadratic  system ;  transitional  forms  are  also 
to  be  met  with. 

The  cystolith-like  structures  (Fie.  87,  C-£),  occurring  in  certain  members 
of  the  Order,  require  a  more  detailed  discussion ;  thev  were  first  met  witb 
by  Hildebrand  in  the  pith  of  some  Begoniaceae,  and  later  on,  especially  by 
Radlkofer,  in  the  leaf-parenchvma  of  certain  species.  They  are  difierentiated 
in  two  adjoining  cells  as  a  kind  of  double-cystoUth,  each  half  having  an 
approximately  hemispherical  shape,  and  they  commonly  give  rise  to  trans- 
parent dots  in  the  leaf.  In  accordance  with  their  diverse  appearance,  which 
corresponds  to  variations  in  structure  and  chemical  composition,  FeDbrer 
distinguishes  three  forms  : 

I.  Cystolith-like  structures  (Fig.  87,  C),  which  appear  as  white,  translucent 
bodies  in  dry  sections  exposed  to  the  air,  and  swell  up  in  water  into  a  trans- 
parent, apparentiy  structureless  mass.  If  the  swollen  masses  are  treated  with 
alcohol,  they  contract  and  come  to  resemble  the  decalcified  double<ystoiitl» 
of  '  Momordica  eckinata  '  (see  Penzig,  in  Bot.  Centralblatt,  viii.  1881,  Tab.  ii. 
Figs.  3  and  5),  showing  distinct  concentric  stratification  about  the  centre  of  the 
common  division-wall  of  the  containing-cells  as  well  as  radial  striation ;  in 
the  middle  of  the  division-wall  a  refractive  body  is  discernible,  which  on 
closer  observation  proves  to  be  a  pit,  into  which  the  mass  of  the  ^stolith 
extends  like  a  stalk.  On  fresh  addition  of  water  these  stratified  cystoUth-like 
masses  can  again  be  made  to  swell  up  and  thus  to  apparentiy  disappear ;  renewed 
treatment  with  alcohol  once  more  makes  them  stand  out  clearly.  In  the  first 
form  of  the  cystolith-like  bodies  of  the  Begoniaceae  (which  Fellerer,  f<dlowing 
Radlkofer's  example,  comprises  together  with  the  second  form  to  be  discussed 
below,  under  the  name  of  cystotyles),  judging  only  by  appearance  and 
reactions,  we  are  thus  concerned  with  double  cystohths,  which  possess  no 
crystalline  infiltration,  but  consist  solely  of  a  framework,  metamorphosed 
into  mucilaginous  substance.  The  supposition  which  suggests  itself,  that  the 
form  of  cystolith  under  discussion  develops  in  the  same  way  as  the  cellulose 
framework  of  the  ordinary  cystoliths,  and  that  the  transtormation  of  the 
cellulose  substance  into  mucilage  may  only  take  place  subsequentiy,  has 
not  been  confirmed  by  Fellerer's  investigations  of  the  development,  into  which 
we  cannot  enter  further  here  ;  according  to  him  the  appearance  of  the  mucilage 
is  a  primary  phenomenon. 

il.  The  second  form  of  the  cystolith-like  bodies,  which  Fellerer,  as  already 
stated,  also  describes  as  cystotyles,  and  which  correspond  to  the '  resinocysts  * 
of  Schoenett,  exhibits  a  finely  granular  structure  and  yellowish  refraction  of 
the  light  in  dry  sections  exposed  to  the  air ;  they  become  grey  on  the  addition 
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of  water,  and  at  the  same  time  the  gramdar  stiuctuie  and  stxalificatioii  appear 
distinctly.  The  latter  appearance  is  also  presented  by  these  stfuclures  in  the 
living  plant.  So  far  as  oatward  appearance  is  concerned  these  bodies  recall  the 
spbencal  thickenings  of  the  cdl-wall  in  the  root-cap  of  ScbfdUm  and  other 
(Achideae,  which  were  described  hy  Leitgeb  (Sits.-Ber.  der  IX^en.  Akad^ 
Bd  XLIX.  I.  i864»  p.  275  et  seq.).  Alcohol  deprives  this  second  form  of 
cystotyle  of  the  infiltrated  sobstances,  iriiich,  according  to  the  vmrioos  re- 
actions employed  by  FeDerer,  are  of  a  resinous  nature.  Aooordiiig  to  FeOeref, 
the  structure  remamtng  after  treatment  widi  alcohol  *  is»  to  pot  it  shorthf, 
a  land  of  cystotyle  of  the  first  type^  which  shows  the  stratificatiofi,  hot,  fim 
the  foTDier^swelbap  with  water,  so  that  it  apparently  disappears^  itcanagain 
be  obtained  in  the  stratified  form  bv  a  fresn  eaqxMnre  to  akcdwl. 

III.  nnally»  the  third  form  of  the  cystolith-lilBe  structures  occurrini  in 
the  Order,  termed  cyslonphoron  (R^.  87,  £)  by  Fdkrer,  appears  as  wfaitidi* 
yellow  or  brownish,  stroQ^y  refractive,  brittle,  gelatinous  masses  in  sections 
mounted  dry  or  in  water,  and,  in  the  fivios  plant,  as  liquid»  bri|^tly  shining, 
dull  white  or  yellow  masses  of  secretion,  vmich  are  enclosed  in  a  special  sac. 
The  secretion  is  of  a  resinous  nature,  but  does  not  appear  to  consist  of  a  uniform 
substance. 

With  regard  to  the  course  of  devekmment  of  the  structures  in  qoestaoo, 
reference  sb<^d  be  made  to  the  works  of  FeDerer  and  Schoenett. 

Fellerer  has  shown  by  a  study  of  the  devdopment  of  the  three  forms 
discussed  above  that  they  may  be  classed  together  and  interpreted  as  cystoKth- 
fike  structures,  and  that  they  may  be  regaraed  as  corresponding  to  the  double 
cystoliths  of  Momoriica.  This  conclusicm  is  of  importance  fnmi  a  systematic 
point  of  view,  because  it  casts  new  light  on  the  ruationships  of  this  Order  to 
the  Cucurbitaceae. 

With  regard  to  the  occurrence  of  the  cystotyles  and  cystospheres  in  the 
various  vegetative  and  reproductive  oigans  of  any  one  plant,  there  is  a  great 
degree  of  variation,  as  Fellerer  has  shown.  The  investigations  on  this  point 
have  nevertheless  demonstrated  the  fact  that,  when  no  q^tolith-like  structures 
occur  in  the  leaf,  they  are  altogether  wanting  in  the  plant,  and  therefore  con- 


versely that,  when  cystoKth-lIke  structuies^aie  pn^t  in  any  member  of 
the  Order,  they  are  mvariaUy  met  with  in  the  leaf-tissoe.  the  cystotyles 
and  cystosi^ieres  have  been  observed  in  the  leaf  both  in  the  naliwlf  and 
spon^  tissue  of  the  mesoph^ ;  they  are  occasionally  found  in  tne  hypodenn 
and  m  the  shaggy  hairs,  rat  never  in  the  epidermis  itaeH 

With  respect  to  the  distribution  and  systematic  value  of  the  structures 
in  question,  we  may  first  mention  that  Fdlerer  met  with  them  in  39  qieciak 
Their  detailed  difimntiation  is  of  specific  valne.  StiD  more  inqwrtant,  how- 
ever, is  the  fact  that  the  occurrence  <rf  cystolith-Hke  structures  is  in  most 
cases  a  sectional  duuracter,  and  thus  serves  as  a  test  for  a  natural  group  of 
species.  The  only  nsmtial  exception  is  afforded  by  the  section  Rmgefmamim, 
which  includes  species  with  aiia  withrat  cystehths^  and  aHqgethcr  forms 
a  very  questionable  natural  specific  group.  It  further  appears  that  the  sections 
which  possess  cystolith*like  structures  are  also  doody  rdated  to  one  another. 
Thus,  lor  fxample,  the  sections  JViteiis,  IF«|WMm,  PkiUppommiu^  Sckrii 
weiUria^  Ewdiu^  TfttMrnAmpm  and  ^rimnm.  whidi  are  regarded  as  very 
closely  related  by  De  CandoDe  on  the  ground  of  his  exomorphic  studies,  without 
exception  possess  cystotyles  or  cystospheres. 

The  cy^olith-like  stroctaraa  of  the  Bqgooiaoeaa  have  been  oboenred  by  Fdlerer 
in  the  foUowing  sections  and  wciss  of  the  genus  Bynia  (in  this  enumefatinn,iiAkh 
fdkms  the  syrtem  of  A,  De  omdoHi,  Cs,»cystospnefes,  Ct.»cyttotylea)  t  Smmim^ 

'  The  retinoqrvlB  oltktflpedM  gdnwi  by  SeliBniB  ta B^gmdu  S9mrimn(fU  gHt  a  wlMeii 
RftcdoB  after  the  iciiB  ii  nuMMd. 

Dda 
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Cs.  (B.  sulcata,  Scheidw.) ;  Beganiastrum  pro  parte, Ct  {B.  pauUnsis,  A.  DC,  B.  mftfo- 
pilosa,  A.  DC.,  and  B.  Hilariana,  A.  DC.) ;  RutMOpavania  pro  parte,  Ca.  (B.  gimmes, 
tL  et  P.,  B.  carpinifotia,  Liebm.) ;  Gireaudia  pro  parte,  Cs.  (B.  urophyiim.  Hook.,  B. 
glandulosa,  A.  uC.,  B.  involucrata,  Liebm.,  B.  laciniosa.  A,  DC.,  B.  6rofisfOfi#li««;f0lM, 

A.  DC.,  B.  mulHnervia,  Liebm.) ;  Pritseiia,  Ct.  (B.  ram^iitofM,  Pftxt.,  B.  pwimc^pu 
Hort  BeroL,  B.  san/wtnea,  Raddi,B.  Riedelii,\.  DC.,  B.  anfuiaris,  Raddi, B. mmgmimim, 
VelL,  B.  coccinea.  Hook.,  B.  Fischeri,  Otto  et  Dietr.,  B.  doAMiMis,  A,  DC) ;  iKof  #Hm«, 
Ct.  +  Cs.  (B.  stenophylla,  A.  DC,  Ct,  B.  poiyfonifolia,  A.  DC,  Cs.,  B.  0p%bmUnwm, 
Mart.,  Cs.,  B.  fagifolia,  Fisch.,  Cs.,  B.  smilactna,  A.  DC,  Cs.,  B.  Mca9uUns,  Sw.,  Cs.. 

B.  hispida,  Schott  Ct,  B.  palcata,  A.  DC,  Ct,  B.  neocom^fuiuiii,  A.  DC,  Cs.,  B. 
dk;iia.  Mart,  Ct,  B.  Gardneri,  A.  DC,  Cs.,  B.  Hiigeiii,  Hort  BeroL,  Cs.,  B.  syhmiUm, 

A.  DC,  Ct,  B.  convolvulacea,  A.  DC,  Cs.,  B.  lonpjbes.  Hook.,  Cs.,  B.  viiifoiim.  Schott 
Cs.,  B.  dichotoma,  Jacq.,  Cs.,  B.  scabrida,  A.  DC,  Cs.,  B.  Saxiftaga,  A.  DC,  Ca.. 

B.  pelkUa,  A.  DC,  Cs.,  B.  parvipelUUa,  A.  DC,  Ct ;  cystoUth-bodiet  have  not  beeo 
observed  in  Begonia  domintcalis,  A.  DC,  B.  ^Ma,  A.  DC  and  B.  pamnf^Mm,  A.  DC 
var.  bahiensis  ;  according  to  Fellerer,  B.  dominicalis  must,  however,  be  tranafenred 
to  the  section  Beganiastrum  and  is  perhaps  identical  with  B.  dominic^mtis.  Herb. 
Monac.,  B.  ^*5M  has  already  been  recognized  by  A.  De  CandoUe  as  bdongiiiff  dooM- 
f  ully  to  the  section  IVagenerta  ;  B.  parvipelkUa,  var.  bahiensis,  is,  according  to  FeUerer. 
certainly  no  variety  of  B.  parvipeltata,  and  perhaps  forms  a  new  section  together  with 
B.  grisea) ;  Philippomartia  Ct  (B.  neglecta,  A.  DC,  B.  f»i«fn6raii4K#a,  A.  DC) ; 
Scheidweileria,  Ct.  (B.  parviflora,  Poepp.  et  EndL,  B.  mtfrtcoto,  Scheidw.,  B,  /iim* 
rians,  Lem.,  B.  digitata,  Raddi,  B.  inctso-serrata,  A.  DC.) ;  Ewaidia  Ct  (B.  lo6flte. 
Schott,  B.  tomentosa,  Schott,  B.  rt/uta,  Reg.,  B.  Boucheana,  A.  DC,  B.  ruHlam,  Hort. 
van  Houtte) ;  Trendelenburgia,  Ct  (B.  fruHcosa,  A.  DC.) ;  Steineria,  Ct  (B.  «r6o- 
f»5Ctfii5,  Raddi,  B.  Hookeriana,  Gardn.,  B.  oxyphyiia,  A.  DC,  B.  dsntaiilcba,  A.  DC.« 
B.  sylvestris,  A.  DC,  B.  bidentata,  Raddi,  B.  Schottiana,  A.  DC) ;  Species  dnbia  : 
B.  parvifolia,  Schott  Ct 

Regarding  the  structure  of  the  petiole  it  may  be  briefly  mentioned  that 
its  vascular  bundles  are  isolated,  and  that  the  occurrence  of  medullary  bundles 
in  the  petiole  together  with  other  features,  such  as  the  occurrence  or  absence 
of  mecnanical  tissue-elements,  may,  according  to  Duchartre  and  Fellerer,  be 
employed  in  specific  diagnosis. 

3.  Structure  of  the  Axis.  For  our  knowledge  of  the  structure  of  the 
axis  in  this  Order  we  are  chiefly  indebted  to  the  investigations  of  Hildebrand. 
The  epidermis  of  the  axis  consists  of  1-4  layers.  Where  cork  occurs,  it  arises, 
accoroing  to  Hildebrand,  inunediately  below  the  epidermis,  according  to 
Duchartre  sometimes  in  the  epidermis  itself.  Internal  to  the  epidermis  and 
the  hypoderm  one  meets  with  3-^  ceU-layers  of  more  or  less  typicafly 
differentiated  coUenchyma.  This  is  foUowed  by  thin-walled  tissue  containing 
crystab  and  chlorophyll,  or  sometimes  with  red  cell-sap.  The  vmKolar 
bundles  of  the  normal  rine  are  either  isolated,  being  separated  by  ground- 
tissue,  or  form  a  more  or  less  closed  ring.  In  the  uprignt,  shrubby  species 
the  ground-tissue,  running  between  the  vascular  bundles  in  the  radial  direction, 
consists  of  elongated  cells  which  have  lignified  walls  and  slit-shaped  pits,  and 
belong  rather  to  the  prosenchymatous  type,  whilst  in  some  root-dimbers  (B. 
fruiicosa,  A.  DC.,  B.  convolvulacea,  A.  DC.,  and  B.  calharinensis,  Taub.),  according 
to  H.  Schenck,  the  cells  of  this  tissue  are  radially  elongated  in  the  ordinary 
way  or  are  isodiametric  and  thin-walled,  forming  broad  medullary  rays  of  thie 
AristolochiaceoiLs  type.  The  xylem  of  the  vascular  bundles,  apart  from  the 
primary  vessels,  is  composed  of  simple-pitted,  sometimes  dielicately  septate 
wood-prosenchyma,  of  wood-parenchyma  and  pitted  vessels,  wiere  the 
latter  come  into  mutual  contact,  they  bear  scalariform  bordered  pits.  The 
perforations  of  the  vessels  vary  greatly ;  thus  simple  circular  perforations 
occur,  as  well  as  others  which  are  scalariform  with  many  bars,  and  thirdly 
combinations  of  the  two  forms  (Fig.  So,  A-B).  Two  of  th«e  forms  may 
occasionally  be  present  at  the  ends  of  the  same  component  cell  of  a  vessel — 
a  different  t)^  occurring  at  either  end.     The  mechanical  tissue  commonly 
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accompanying  the  bast  of  the  bundles  on  its  outer  side»  consists  both  of 
dongated  parenchymatous  elements  and  of  prosenchymatous  cells  with  slit- 
shai^  pits.  The  pith  is  formed  of  large,  parenchymatous  cdls  with  thin, 
{»tted  walls. 

The  occurrence  of  cortical  and  medullary  vascular  bundles  is  a  note* 
worthy  feature  in  certain  members  of  the 
Order.  The  cortical  bnndles  are  confined  to 
a  few  species  (Wa^eneria  iomeniosa^  Kl.  and 
Pnizelia  xebrina^  Kl.) ;  according  to  Hilde- 
brand  they  arise  in  each  node  from  the 
normal  ring  of  bundles*  run  vertically  up- 
wards through  the  cortex  as  isolated  strands, 
and  usually  pass  out  into  the  leaf  at  the 
next  node  above.  The  medullary  vascular 
boodlea  are  more  widely  distributed.  Hilde- 
brand  met  with  them  in  28  of  the  128  species 
which  he  examined.  Hildebrand's  investiga- 
tions have  shown  that  the  occurrence  of  these 
meduUary  bundles  is  only  of  importance  in 
specific  (hagnosis,  and  that  it  cannot  be  em- 
ployed in  the  deUmitation  of  natural  groups 
of  species.  Westermaier  attempted  to  give 
a  phvsiological  explanation  of  Hildebrand's 
and  his  own  results  regarding  the  occurrence 
or  absence  of  medullary  vascular  bundles  in 
this  Order,  but  did  not  meet  with  success 
<see  loc.  cit.).  In  dealing  with  the  course  of 
the  medullary  bundles  of  the  Begoniaceae, 
Hildebrand,  sanio,  and  Westermaier  came 
to  the  conclusion  that  these  bundles  are  in 

rat  Dart  cauline.  On  the  other  hand« 
E.  Weiss  supports  the  leaf-trace  nature  of 
the  meduUary  imndles,  basing  his  view  on 
Westermaier's  work.  He  shows  that  the 
bundles  which  have  been  stated  to  be  cauline, 
enter  the  ring  of  bundles  at  the  node  and  at 
a  stiU  higher  node  bend  out  into  the  leaf. 
The  structure  of  these  bundles  is  collateral 
in  some  cases,  in  others  it  sihovrs  a  tendency  towards  concentric  differentiation 
with  central  phloem  (Mdbias). 

The  species  with  meduUary  bundles  may  be  enumerated  here  lor  the  use  of 
the  systematist.  Klotzsch's  nomenclature,  which  was  adopted  by  Hildebrand,  is 
employed :  Ktusibeckia  discolor,  KL,  K.  igma^  KL ;  Gurliia  BouckMna^  KL ; 
N^pkromisckus  rutiians,  Kl. :  Sckeidweileria  mttricata,  Kl..  5.  luxurums^  KL,  5.  diri" 
iaia,  KL,  5.  inciso-strraia,  KL  ;  SUineria  tertufinea^  KL,  5.  fmUhsUm^  KL  ;  Girtcudia 
trnvoiucraia^  KL,  G.  laciniata,  KL,  G.  crassicaulis,  KL,  G.  caroliniasfolU,  KL ;  Priiuiia 
i#6rtfui,  Kl. ;  Waggneria  Umuniosa^  KL  ;  Plaiycsntrum  rubroventum^  KL,  P.  xaniku 
num,  KL  ;  Cladomisckus  annulatus,  KL,  C.  RoyUi,  KL  ;  Spkenamikera  rotmsU^ 
Hassk. ;  Begonia  aurifoiia^  Hort.  BeroL,  B.  glaucesuns,  Hort.  BeroL,  B,  Htigeiiip 
Hort.  BeroL,  B.  pUUanifolia,  Hort.  BeroL,  B.  R$x,  Hort.,  B.  Sinumiii^  Hort.  Low. 

Literature:  McNeil,  Sekictiooiorg.,  Berlin,  1837,  p.  45. — Hildcbrmad,  AaAt.  Uoten.  iib.  dit 
Scamme  d.  R,  BctUd,  1850,  34  pp.  and  8  Tab. — Sanio,  in  Bot.  Zdt.  1864,  u.  aJ4.^Strasb«rfer, 
Spaltolb,  Prtofibcin  Jahrb.,  Bd.  ▼,  1866-1867,   p.  jaj.— Pfitaer,  MehrtcL   Ep.  etc,  Primp- 

hcifli  Jahrb.,  Bd.  viii,  187s,  p.  31  et  leq.  and  Tab.  vi De  Bary,  VcrgL  AnaL,  i877.~Wcrtcrmaier, 

Marint  BandebyeL  d.  6.,  Flora  1879,  14  pp.  with  a  Tab.— J.  £.  Wdai,  Marlut  BflndelsyiL, 
BoL  CcDtrmlbl.  1883,  iii.  p.  J87  et  Kq.  and  Tab.  L— Solcreder,  Holistr.,  1885,  pp.  ifo,  141.— 
Habtflandt,  Znr  Anat  d.  B.,  MittciL  natww.  Ver.  L  Striemark,  Grat,  1887,  it  pp.  and  1  Tab.— 


PlO.  89.     ScgoMBtoorjmel.  wamt  of 
wMdi  haw  coroporilc  perforaiipas :  a,  Gtw^ 

Hilifabraad. 
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Mobint,  Kooxentr.  GefMtb.,  Ber.  deatidL  bot  Gcsdlich.  1887, pp.  la,  13.— PttU;  Mciolc^ 
Soc  ic  phri.  et  daL,  i^r.  $,  L  iii,  1887,  p.  325  and  pL  ▼.— Mchaitre,  Obt.  mu  le 


Limainm^  £.  Foam.,  Pam,  1889,  Twop.  Gastoo  N^  100  pp.  and  a  pL— RadDcoier,  la  8feL-te. 
Milnch.  Akad.  1890,  pp.  115-18.— Felierer,  Beitr.  x.  Anat  «.  Sjnt  i  B.,  DIh.,  Mftietiw,  tin* 
a39  pp.  and  3  Tab.— Benecke,  Nebenx.  d.  SpaltoAi.,  Bot  Zdt.  189a,  pp.  554,  (m.— f^n^ 
PerldrUien,  Atti  del  Coogr.  bot  intemas.  di  Gcnova,  189a,  p.  a40  and  Tab.  wr.^V  "  ' 


Anat  d.  Lianen,  1893,  pp.  1^51.— WarUuv,  in  Nat&t  Pflanaenfiim.,  iii  TeO,  Abt  6  a,  1I94, 
pp.  IJ5-7  and  Fig.  46.— Stahl,  Bante  LaubbLJ  Ann.  Jard.  bot  de  BoitcnaofSf  toL  zUL,  a«  p.  itr 
et  ieq.  and   pi.  xriL— Wittlin,  Kalkoxalattaacb.,  Bot  CartralbL   1896,  ill,  p.   inn.     7aliwJi, 


Scfaoenett'i  Rcsinocyiten,  Bot  Ccntralbl.  1897,  ii,  pp.  50-3  (dkcoriofi  of  Sdiococttli  ticatiM  ia 
Koonot,  Org.  d.  poln.  Natnrf.  Ver.  Kopenlk  in  Lenibetg,  Bd.  zYiii,  p.  38a). 

DATISCEAE. 

Of  this  small  Order,  which  includes  three  genera  with  five  species,  only 
Datisca  cannabina^  L.  and  OdomcUs  sumairana,  Mig.*  were  ayailaUe  for 
investigation. 

Regarding  the  structure  of  the  leaf^  the  following  points  should  be  mentioiied. 
The  leaf-structure  is  bifacial  in  both  species.  The  stomata,  whidi  only  in  the 
case  of  OdomcUs  sunuUrana  occur  on  both  sides  (though  in  small  nmnbers  on 
the  upper  side)  are  surrounded  by  several  epidermal  cells.  In  Odomdes  smmt- 
if  ana  a  one-layered  hypoderm  is  developed  beneath  the  upper  epidomis ; 
the  mesophyll  of  this  plant  contains  spicular  cells,  which  are  approximately 
H-shaped,  and  traverse  the  entire  thickness  of  the  leaf,  whilst  some  of  their 
arms  penetrate  as  far  as  the  cuticle  on  both  sides.  The  vascular  bundles  of 
the  veins  are  accompanied  by  mechanical  tissue  in  Odomdes  sumatmnm  otdy. 
Oxalate  of  Ume  has  been  oteerved  in  the  form  of  small  prismatic  or  needle- 
shaped  crystab,  especially  in  the  leaf  of  Odomdes.  The  trichomes  oocorring 
in  Datisca  are  glandular  shaggy  hairs,  which  are  composed  of  a  mnltiseriate 
stalk  of  variable  length  and  ofa  spherical  or  ellipsoidal,  multicellular,  pBndaiMr 
head  ;  the  scale-hairs,  which  are  found  in  Odomdes^  have  a  quadrisenate  stalk 
and  a  rather  large,  one-layered,  circular  shield  with  an  entire  margin ;  the  oeDs 
of  the  shield  have  an  approximately  Quadrangular  shape  in  surface*view, 
and  are  arranged  for  the  most  part  radially. 

In  the  structure  of  the  wood  the  two  species  investi^ted  agree  in  the 
possession  {a)  of  vessels  with  rather  wide  lumina  and  horizontal,  transverae 
walls  with  simple  perforations,  (6)  of  wood-prosenchyma  with  wide  lamina 
and  simple  pits,  and  (c)  of  narrow  medullary  rays.  The  vessel-walk,  iriiere 
they  are  in  contact  with  parenchyma  of  the  medullary  rays,  show  transitioos 
to  simple  pitting  in  Datisca ;  in  Odomeles  bordered  pitting  is,  at  knst  in 
some  cases,  found  in  these  regions,  while  the  adjacent  wall  of  the  medullary 
ray  is  thickened  in  a  weU-marked  reticulate  manner.  In  DaHsca  the  pen- 
cycle  contains  isolated  bands  of  bast-fibres  with  wide  lumina,  in  Ockmdes 
a  composite  and  continuous  ring  of  sclerenchyma.  Secondary  groups  of  bast- 
fibres  are  present  in  Odomdes.  In  Odomeles  stwuUrana  groups  of  stone<clls 
are  found  in  the  pith,  and  branched  sclerenchymatous  cells  m  the  pith  a^d 
primary  cortex.  The  cork  of  Odomdes  consists  of  cells  with  wide  lumina  and 
relatively  thin  walls. 

CACTEAE. 

The  Cacteae,  as  is  well  known,  constitute  an  Order  which  is  distinguished 
from  all  others  by  its  habit.  Except  in  the  species  of  the  genus  Peresktm^ 
which  have  thick  and  fleshy  leaves,  foliage  leaves  of  the  orcunary  form  are 
wanting ;  for  in  the  other  genera  a  fleshy  shoot,  the  structure  of  which  is 
adapted  to  a  desert-climate,  appears  immediately  after  the  two  nonnaDy 
developed  cotyledons  ;  this  shoot  takes  over  the  function  of  the  folia^  leaves, 

^  For  (kioimiUs  tee  alto  Warborg,  in  Natiirl.  Pfltnicnfam.,  ilL  Tdl,  Abt  6  a,  1894,  p.  iff. 
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and  only  bears  very  small  foliar  structures,  some  of  which  are  transformed  into 
thorns.  The  anatomical  features  of  the  Order,  which  will  be  described  in 
the  following  passes  from  statements  in  the  literature,  present  many  points  of 
interest,  especially  to  the  physiologist,  who  can  readily  correlate  the  structured 
features  with  their  physiological  causes  in  an  Order  of  plants  which  (like  the 
Cacteae)  is  adapted  to  quite  special  and  uniform  conditions  of  existence  ;  the 


anatomical  features,however,arealsoof 
interest  to  the  s>'stematist,  since  all  the 
investigations  hit  hertocarried  out  have 
shown  that  many  an  anatomical  fea- 
ture can  be  employed  in  the  grouping 
and  diagnosis  of  the  genera  and  species. 
The  stomatal  apparatus  is  cha- 
racteristic  of  the  entire  Order,  as 
Schleiden  first  pointed  out,  and  as 
has  l>een  confirmed  by  all  the  later 
authors.  The  guard-cells  are  accom- 
panied on  both  sides  by  one  or  more 
sul>sidiary  cells,  parallel  to  the  pore  '. 
The  occasional  occurrence  of  a  second- 
ary division-wall, placed  at  right  angles 
or  obliquely  to  the  pore  in  tne  one  or 
the  other  subsidiary  cell  (as  Benecke 
and  others  have  remarked),  is  of  course 
not  to  be  regarded  as  an  exception  to 
the  general  type  ;  the  same  applies 
to  the  complete  suppression  of  the 
sul>sidiary  cells  on  one  side  of  the 
Ruard-cells  ;  according  to  Caspari,  this 
sometimes  occurs  in  species  of  Pereskia 
and  MammiUaria.  The  stomata  are 
iound  in  large  numbers  on  the  shoots 
of  tlio  Cacteae  and  also  on  the  leaves 
in  the  sjxHries  of  PereskU.  The  small 
rudimentary  leaves  in  OpunHa,  which  fall  oflf  at  an  early  date,  also  bear 
stomata  ;  the  latter,  however,  are  abortive  or  anomalously  developed.  The 
Ntomata  are  commonly  found  at  the  base  of  saucer-like  depressbns  on  the 

'  DcTclonmental  loYcitigmtioiit  have  thovB  that  in  PnmiHm  the  pair  of  cw^-CiU*  nd  tht 
tQbttdury  celU  arite  by  tab^TWoo  of  tha  initial  odl  (Sbiibwgcr). 
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surface  of  the  shoot,  a  feature  evidently  of  advantage  to  desert-plants,  wfaid 
have  to  diminish  transpiration  as  far  as  possible.  Caspari  mentions  this 
as  being  quite  general,  and  Vochting  records  it  in  a  few  species  of  RhipstUis, 
The  direction  of  the  pore  of  the  guard-cells  with  reference  to  the  longitudinai 
axis  of  the  shoot  is  very  noteworthy,  and  appears  to  be  characteristic  io 
certain  genera.  Thus  in  some  of  the  genera  {Pfetffera  and  Rkipsalis  according 
to  Vochting,  Echinopsis  and  Cereus  according  to  Lauterbach)  the  pore  is 
placed  at  right  angles  to  the  longitudinal  axis  of  the  shoot,  and  is  con- 
sequently horizontsd ;  in  another  group  of  genera  {Lepismium  according  to 
Vochting,  EpiphyUum  and  Opuntia  according  to  Lauterbach)  it  is  parallel  to 
the  longitudinal  axis  of  the  shoot,  and  is  thus  vertical,  while  in  a  third  grocp 
{Mammillaria  Echinocactus  and  PhyUocadus  according  to  Lauterbach)  the  pcrr 
is  irregularly  orientated. 

The  epidermal  cells  of  the  shoots  of  the  Cacteae,  as  Schleiden  first  noticed, 
have  sometimes  straight,  sometimes  undulated  lateral  walls.  The  cuticle,  as  also 
the  entire  external  wall,  varies  in  thickness  ;  the  former  is  often  continued  from 
the  pore  of  the  guard-cells  over  the  entire  wall  of  the  respiratory  cavity  (Mohl). 
The  cuticle  is  strengthened  by  the  formation  of  cuticular  ridges  (EdUnocadui 
according  to  Lauterbach)  and  thickened  by  a  deposition  of  wax  (in  the  fonn  of 
a  covering,  which  is  either  loose  and  readily  rubbed  off  or  firm  and  continuous. 
the  former,  e.g.  in  Pilocereus  HoulUHi^  Lem.  or  Cereus  pruinosHs^  S.  E^k,  the 
latter  in  Rkipsalis  paradoxa^  S.  Dyck  or  Opuntia^  according  to  Schumann).  Tie 
following  special  structural  features  of  the  epidermis  remain  to  be  mentioned : 
(a)  the  formation  of  furrows  and  ridges  on  the  epidermis  (species  of  RkipsaOi 
of  the  group  Teretes^  according  to  VdchtinR),  the  stomata  either  occurring  on 
the  surface  of  the  ridges  {R.  conferta^  S.  Dyck,  R.  Cassytha,  Gaertn.,  R.  penMidtj 
Vocht.)  or  in  the  furrows  {R.  floccosa^  b.  Dyck,  R.  funidis^  S.  D}^) ;  and 
(6)  the  appearance  of  relatively  thin  seconda^  division-walls  in  the  epidermal 
cells  (species  of  Rkipsalis  according  to  Vochting ;  Echinopsis^  PhyUocadus  and 
Pereskia  according  to  Lauterbach).  Beneath  the  epidermis  there  is  a  h]mderni 
(Fig.  90,  A-B),  which  consists  of  one  or  more  layers,  and  is  mostly  colienchy* 
matous ;  it  does  not  originate  from  the  dermatoeen,  and  must  therefore  be 
referred  to  the  cortical  tissue.  According  to  Schleiden,  the  hypoderm  either 
consists  of  a  single  row  of  cells  (in  Cereus  (uurtisi  and  probably  m  all  MammSr 
larias)  or  of  two  rows  of  cells  {Cereus  variabilis)  or  of  three  or  more  {OpumU 
monacantha^  Echinocactus  Eyriesii^  Melocacius  macrocanihus,  Cereus  serpentinui 
and  C.  grandiflorus).  It  is  sometimes  sharply  marked  off  from  the  lemaining 
tissue  {Cereus  tetragonus  and  C.  phyllanihoiaes),  sometimes  not  very  distinctly 
deUmited.  The  v^  of  the  hypodermal  ceUs  is  gelatinous  and  traversed  by 
abundant,  often  branched  pit-canals,  which  radiate  out  from  the  small  hnaes 
of  the  hypodermal  cells  and  are  sometimes  enlarged  into  a  narrow  border  at 
their  extremity.  The  lumen  of  the  coUenchymatous  hypodermal  cells  commonly 
contains  crystals  :  for  example  clustered  crystals,  showing  varied  distributioo 
in  Opuntia  monacantka,  0.  brasUiensis,  and  O.  '  peruviana^'  solitary  crystals  in 
Melocactus  macrocantkus  and  Cereus  Curtisi. 

In  connexion  with  Schldden's  statements  regarding  the  hypoderm  oi  tbe 
Cacteae,  it  may  be  pointed  out  that  Vochting  describes  a  one-layered  hypodena. 
which  shows  stronger  thickenings  at  the  comers,  as  occurring  in  Pfeiffarm  c#mi/opwhs. 
S.  Dyck;  a  one-layered,  somewhat  thickened  hypoderm  in  Z.#^tffntiim;  and  a  tvo-. 
rarely  one-layered  hypoderm  in  the  species  of  Rhtpsaiis.  Aoconling  toLan terbech,  tbe 
hypoderm  is  one-layered  and  collencnymatous,or  entirely  snppreiied  in  MmtmmittmU^ 
2-5  layered  and  collcnchymatous  in  Echinocacius^  2-3  layered  and  ooQnichyniatoasia 
Echinopsis,  2-3  layered,  but  less  coUenchymatous  in  dermis^  two-layered  in  PMo- 
cactus,  one-layerea  and  coUenchymatous  in  EpiphyUum^  i-a  lajrered  and  digiidly 
coUenchymatous  in  Rkipsalis^  2-4  layered  and  strongly  ooUeacfaymatoas  in  OpmOiB^ 
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but  absent  in  Pefcskta,  The  strongly  developed  collenchymatous  hypoderm  of 
Meloc actus,  which  contains  crystals,  has  been  describ<xl  in  detail  and  bgured  by 
Van  Breda  dc  Haan.     See  also  Michachs'  statements  regarding  this  feature. 

Cork-formatioii,  so  far  as  is  knoi^n,  is  superficial  in  this  Order.  According 
to  Schleiden,  the  cork  originates  in  the  epidermis  or  subepidermally,  and  con- 
sists (in  Opuntia  monacantha  and  Echinocactus  Eyriesii)  of  alternating  layers 
of  cork-celLs  uith  thin  and  thick  walls. 

The  grotind-tissue  of  the  stem  Ls  principally  composed  of  ellipsoidal  cclk, 
which  arr  separated  by  intercellular  spaces  of  corresponding  dimensions. 
In  the  neighbourhood  of  the  epidermis  and  in  the  primary  medullary 
rays  the  ground-tissue  consists  of  more  closely  packed  celk.  In  many 
species  of  Rhipsalis  (for  details  see  Vochting)  parenchymatoiLS  cells  with 
thick  walls  are  included  in  the  ground-tissue.  The  cell-contents  of  the 
ground-ti>sue  vn\\  be  referred  to  below.  The  vascular  bundles  are  in  general 
arranged  in  a  ring,  quite  in  the  normal  way ;  in  addition  medulla^  or 
cortical  bundles  occur  in  certain  Cacteae.  According  to  Mohl  and  De  Bary, 
medullary  bundles  are  only  present  in  a  few  Mammularias  (e.g.  Mammillaria 
angtiJdris,  but  not  in  A/,  pusilla^  M.  glockidiala  and  others),  in  Echinocactus^ 
in  a  few  sjxries  of  Cereus  with  thick  shoots  (e.g.  C.  candicans?)^  and  according 
to  Lauterbach  also  in  Echinopsis ;  according  to  Vochting,  cortical  bundles 
<xTur  in  sjxnries  of  Rhipsalis,  Letismium  and  Pfeiffera^  and  according  to 
K .  Schumann  also  in  Phyliocactus.  The  cortical  vascular  bundles  have  a  cambium^ 
and  thus  grow  in  thickness  like  the  bundles  of  the  normal  ring ;  they  are 
essentially  distinguished  from  the  latter  by  the  fact  that  prosenchymatoas 
cells  never  occur  in  them.  They  form  a  dense  network  in  the  longitudinal 
direction,  owing  to  numerous  anastomoses. 

A  transverse  section  through  the  shoot  of  Rhipsalis  rkombea,  Pfr.,  shows  a 
narrow  band-shaped  outline,  the  central  portion  being  occupied  by  the  normal 
va5scular  ring,  while  numerous  cortical  bunales,  in  groups  of  two  or  more,  are  found 
in  the  two  wings.  Almost  all  the  Alatae  in  Rhipsalis  {R.  crispata,  Pfr.,  R.  hachyptera, 
IMr..  and  R.  Swartziana,  Pfr.,  according  to  Vochting)  and  the  forms  of  Letnsmium, 
characterized  by  their  sharp  angles,  resemble  R.  rhombea  ;  in  the  wings  of  all  these 
plants  the  cortical  vascular  bundles  lie  in  two  rows,  the  bast-i)ortions  being  directed 
towards  the  exterior.  Amongst  the  .\latae,  Rhipsalis  camosa,  Vocht.  forms  the 
sole  exception,  and  only  in  so  far  as  the  cortical  bundles  occur  not  only  in  the  wings, 
but  also  around  the  normal  ring  of  bundles.  When  more  than  two  wings  are  present, 
as  IS  the  case  in  many  of  the  segments  of  the  shoot  in  species  of  Rhipsalis,  belongine 
to  the  sections  Alatae  and  Angulosae  (/?.  paradoxa,  S.  Dyck,  R.  pentatteta,  Pfr.,  and 
R.  fnicrantha^  DC.),  in  some  shoots  of  '  Lepismium,  radicans  '  ana  all  shoots  of 
Leptsmtum  Knightti  and  Pteiffera  ceteiformis,  the  position  of  the  bundles  remains  the 
same  as  in  shoots  with  two  wings,  except  that  the  outline  then  becomes  three-,  four-, 
or  many-angled.  In  these  cases  cortical  bundles  are  sometimes  {R.  paradoxa),  as  in 
R.  carn'osa  amongst  the  Alatae,  also  found  in  the  portions  alternating  with  the  wings. 
A*,  funahx  mav  serve  as  the  t>'pe  of  the  species  of  Rhipsalis  belonging  to  the  section 
leretes  {R.  floccosa,  S.  I>>'ck,  R,  funalis,  S.  Dvck,  /?.  conferta,  S.  iJyck,  R.  Cassytha^ 
( iaerin.,  /?.  pendula,  Vocht.,  R.  Saglionis,  Otto,  R.  misembrvanthoidis.  Haw.,  R, 
>,iIwornotdr$,  Haw.,  R.  Lagenarta,  \'6cht,) :  the  cortical  bundles  here  lie  in  small 
•:rou]is,  and  form  small  rings  of  bundles  among  themselves. 

The  bundles  of  the  normal  vascular  ring  are  concerned  to  a  very  varied 
extent  m  the  formation  of  the  axis.  Beginning  with  Pereskia,  in  which  the 
w<K)<lv  tissue  of  the  vascular  bundles  forms  the  chief  portion  of  the  axis,  all 
transitions  are  found  to  those  species  which  possess  weakly  developed  vascular 
bundle^,  and  show  an  enonnous  development  of  the  ground-tissue.  In  corre- 
>|x>ndenre  with  the  different  degrees  of  development  of  the  vascular  bundles 
the  coni}K»sition  of  their  xylem  varies.  In  Peteskia^  Rhipsalis,  most  species 
of  (^rreuK,  and  some  OpunHas  the  compact  wood  consists  of  {a)  wood-fibres 
with  thick  walls  and  simple  slit-shaped  pits;  according  to  H.  Schenck,  they 
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are  occasionally  septate  in  Pereskia  acuUaia^  Plum. ;  (b)  pitted  vessels. 
which  are  sometimes  accompanied  by  spirally  thickened  vessels  in  tbt 
middle  of  the  secondary  wood;  (c)  wood-parenchyma,  which  accompanies 
the  vessels ;  and  (d)  lignified  medullary  rays.  According  to  H.  Schenck,  the 
vessels  attain  a  diameter  of  -23  to  -25  nun.  m  Pereskia  aculeata^  Plum,  (wfaid 
is  a  high  climber),  and  have  simple  perforations.  According  to  Schleiden.  tbe 
structure  of  the  wood  in  most  of  the  Opuntias,  in  Eckinocactus^  MamrniUam 
and  Melocactus  is  quite  different.  In  these  cases  elementary  oi^gans  of  quit; 
a  special  nature  (Fig.  91)  occur  in  the  wood  ;  they  are  generaUy  describe  as 
tracheideSy  but  Van  Tieghem,  who  demonstrated  a  protoi^asinic  sac  and  a 
nucleus  in  their  contents,  speaks  of  them  as  parenchymatous  cells.  Tbry 
are  broad  ceUs  with  very  thin  walls,  and  in  form  are  midway  between  the 
shape  of  a  barrel  and  that  of  a  spindle ;  they  are  provided  with  local  annular 
or  spiral  thickening  ridges,  which  are  inserted  on  the  thin  wall  by  their  narrov 
edge,  and  project  far  into  the  cell-lumen. 

These  cells  seem  to  be  entirely  wanting  in  the  species  of  Pereskia  and  Rkipsslu, 
and  also  in  the  stem  of  the  species  of  Cereus.  In  the  genus  Ofmniia  they  are  abo 
absent  in  some  of  the  species,  especially  in  all  those  which  have  nat  oval  shoots  of  the 
type  of  Opuntia  Ficus  indica,  e.  g.  OpunHa  numacafUha^  O.  hrasHiensis^  O.  amdiaU, 
&c     In  other  species  of  Opuntia  they  appear  sparingly  in  the  articulations  betveca 

the  segments,  either  in  the  tissue  of  the  medullary 
rays  lying  between  the  bundles,  or  at  the  mann 
of  the  pith,  and  in  no  way  enter  into  the  vaacvU: 
bundles  themselves,  e.  ff.  in  Of>utUia  cyiindrua.  0. 
ramulifera,  and  O.  anaicola ;  in  other  cases  tbry 
themselves  become  an  integral  part  of  the  vaKoiv 
bundles,  as  in  Opuntia  iunicaia^  O.  irmhricaU^  kt. 
They  are  found  in  still  larger  quantities  in  Eckimt- 
cactus  and  Melocactue^  where  except  in  iCbtt  lovea 
intemodes — they  alr^uiy  form  the  most  important 
partofthexylem.  Finally,  in  Mmmmiiiawia  simpUx, 
M .  rkodantha^  M. '  stelligera,'  ftc,  all  other  dememsL 
with  the  exception  of  the  tracheae  of  the  pnmary 

Slem,  disappear  and  the  peculiar  trachetoes  focm 
e  bulk  of  the  xyltm.  Generally  these  tracbodes 
are  also  distin^^uished  from  the  actual  vesseb  bv 
lack  of  perforations.  In  Eckinocadms  and  MamMoi' 
iariat  however,  rows  of  tracheides  occur,  in  vfaicb 
the  individual  elements  are  connected  by  meaze 
of  perforations. 

The  bast  of  the  vascular  bundles  is  strength- 
ened by  hard  bast  in  certain  members  of  tbe 
Order  (species  of  Pereskia^  RkipuUiSy  Cmrss. 
and  PkyUocactus^  according  to  ScUeiden  and 
Lauterbach).  Similar  groups  of  hard  bast, 
arranged  in  a  ring,  are  found  in  the  priman 
cortex  of  Lepismium  sarmentosum^  Voecht.  (Vdchtinff). 

In  the  follo>\ing  paragraphs  I  shall  speak  firstly  of  the  hairy  covering. 
then  of  the  thorns,  and  finally  of  the  excretory  and  secretory  stnacturts 
The  hairs  are  (rarely)  unicellular  {Eckinocadus^  according  to  Michadis),  uu- 
seriate,  bisenate  or  multiseriate.  According  to  Caspari,  the  multioelhilar  tn- 
chomes  are  composed  of  cells  which  are  short  and  narrow  in  the  basal 
|)ortion  of  the  hair,  whilst  they  are  broader  and  longer  towards  its  terminatioo: 
the  cells  are  sometimes  provided  with  pits  or  with  superficial  striatioD 
Glandular  hairs  have  not  been  observed  in  the  Order.  The  extrannptial  wo 
taries,  which  have  been  found  by  Delpino  and  others  in  some  Cacteae  (spedtf 
of  Cereus^  Mammillaria^  Opuntia,  and  Rkipsalis)^  have  nothing  to  dD  with 
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epidermal  structures,  but  are  cushion -shaped  bodies,  arising  in  the  same 
way  as  the  thorns,  which  will  be  described  immediately,  and  excreting  a  fluid 
containing  sugar. 

The  structure  of  the  thorns  (Fig.  92),  the  determination  of  the  morpho- 
K^cal  value  of  which  has  occupied  a  number  of  investigators,  has  been  nwst 
thoroughly  examined  by  Caspari.  His  observations  extend  to  more  than 
a  hundred  species  of  the  genera  MammiUaria,  AnMalonium,  Melocacius^  EchifUh 
cactus,  Piloceteus^  Echim^sis,  Certus^  Rhipsalis,  Lepismium,  Pfeiffera^  Pereskia^ 
and  Opuniia.  This  is  not  the  place  for  a  detaUed  discussion  of  the  reasons 
for  regarding  these  structures  as  foliar  organs.  It  must  suffice  to  refer  to 
the  interpretation  of  Delbrouck.  who  regards  the  thorns  of  the  Cacteae  as 
a  transition  between  *  leaf-prickles'  (PhyUomstacheln)  and  *  trichome-prickles,' 
to  the  views  of  Caspari  and  K.  Schumann,  who  consider  the  structures  in 
question  as  being  of  the  nature  of  emergences,  and  to  the  works  of 
iuccarini,  Kauffmann,  Goebel,  WetterwaJd,  and  Ganong,  who  support 
the  theory  of  the  foliar  nature  of  the  thorns. 

X'ascular  bundles  generally  take  no  part  in  the  formation  of  the 
thoras  '.    The  latter  consist  of  a  bundle  of  sclerenchymatous  cells 
with  thick  walls  and  devoid  of  pits,  and  immediately  surrounded 
by  pitted  sclerenchyma-cells  nith  relatively  thin  ^-alls.    The  outer 
covering  is  comjx>sed  of  epidermal  cells,  which  have  wide  lumina, 
and  invariably  show  a  different  structure  at  the  apex  from  that  at 
the  luse  of  the  thorn.    This  difference  is  most  clearly  marked  in 
the  thorns  of  all  the  sj)ecies  of  Opuniia  (with  the  single  exception 
of  *  Opuntia  clavarioides  crisiala,'  which  perhaps  belongs  to  Cfreus)^ 
and  in  the  thorns  of  some  Pereskias  (viz.  in  tne  two  species  of  the 
Ik'roup  Subcamosae,  Foerst. :   i.e.  P.  spathulata.  Link,  and  P.  subu- 
idUu  Muhlenpf..  which  should  perhaps  be  united  with  Opuntia,  but 
not   in   the  sjx^ies  of   the  section  Frutescentes,  Foerst.,  with  P. 
acuUata,  Plum..  P.  grandifolia.  Haw.  and  P.  Bi€0,  DC.),     In  the 
Opuntias  (see  Fig.  92)  and  the  two  first-named  species  of  Peteskia  the 
integumental  cells  of  the  tip  of  the  thorn  are  scaly ;  they  are  flat 
ami  lie  in  an  imbricate  manner  over  one  another,  whilst  the  apex 
ut  each  cell  is  covered  by  the  freely  projecting  end  of  the  preccaing 
tell,  which  is  more  or  le>^  distinctly  produced  into  three  points. 
The  free  ends  of  the  scale-cells  are  directed  backwards  towards  the 
l)ase  of  the  thorn,  and  serve  as  hooks.    The  structure  of  the  thorns 
ju'-t  described  had  previously  been  pointed  out  by  Engelmann  as 
hit^hly  characteristic  of  the  genus  Opuntia^  and  as  forming  a  point 
«)f  difference  from  the  other  members  of  the  Order.     In  the  Latter      iSit?' 
a  difference  in  the  structure  of  the  apex  and  base  of  the  thorn  is  also     froaciK 
noticeable,  but  is  due  to  the  fact  that  the  cells  of  the  apex  are    cJumoT 
I  luefiy  prosenchymatoiLs,  while  those  of  the  base  are  mainly  paren-     ^^SS?* 
chymatous.     In  addition  to  this  the  basal  cells  sometimes  exhibit      AnA^m 
markings  or  prominences  on  their  membrane  (as  in  MammiUaria,    rUS^tlt 
l\kinocaciu$,  Piloccreus,  Cereas,  Pfeiffera,  and  Rkipsalis).  According 
to  Ca>pari»  the  last-mentioned  features  can  only  be  employed  in  specific 
'iia;;nt»>i>. 

.■Kn  regards  the  structure  of  the  thorns  the  following  general  statements 
may  U*  ailded.  Their  epidermal  cells  invariably  possess  straight  and  never 
iiri<iul.ited  lateral  walls.  They  are  arranged  on  the  thorn  in  longitudinal 
r.»u-  with  a  spiral  course  (from  right  to  left  in  the  botanical  sense).    The 

*  The  tnntitional  forms  between  thomi  and  leftvet,  which  KAdTmam  fim  obeenwl  forty  ycwi 
x^o  Hull.  Sh:.  imn.  de  Nat.  de  Moeom,  cuW,  1859)  and  which  have  moie  recently  again  bm  met 
with  by  GanoQi:.  aJooe  contain  a  Tascnlar  handle  in  their  baaal  portion. 
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angle  of  inclination  of  this  spiral  line  with  reference  to  the  longitudinal  axis 
of  the  thorn  sometimes  varies  in  the  same  thorn,  and  is  therefore  not  of  sys- 
tematic importance.  The  coloration  of  the  thorns  is  caused  by  the  deposition 
of  colouring-matter  in  the  membrane  or  lumen  of  the  inner  sderenchymatoffi 
cells.  The  calyptra  of  the  prickles  of  some  OpunHas  {0.  tunicaia^  Hort.«  Berol^ 
&c.)  consists  of  thick-^led  cells,  under  the  protection  of  which  the  cells  o: 
the  thorn  gradually  undergo  sclerosis. 

The  excretory  and  secretory  structures  of  the  Cacteae  have  been  studied 
in  special  detail  by  Lauterbach.  Of  these  the  crystalline  excretions  of  oxalate 
of  lime  are  the  most  important,  but  laticiferous  canals  and  mudlage-cells  air 
also  found,  and  a  few  other  cases  of  rarer  occurrence  may  be  added.  Beforr 
entering  into  details  regarding  these  points  we  may  prefix  the  synopsis 
given  by  Lauterbach  of  the  occurrence  and  distribution  of  the  \*anoc> 
structures  in  question  : 

I.  Crystal-cells  alone  are  present:  (a) irregularly  distributed  in:  Ankaianiwm, 
Mammillariae  loneimammae  (M.  loneimamma,  DC),  Af.  crinitae  (Af.  BocasaMA, 
Poselg.,  Af.  glochiaiata^  Mart.,  Af.  multicepSt  S.  Dyck),  Af.  heUracanthae,  pro  partr 
(Af .  sanguinea,  Haage,  Af .  elegans^  DC.,  M*  Haafeana^  Pfr.,  M,  rhodantka^  Link  r. 
Otto,  Af.  pulcheila,  Hort.  BeroL,  Af.  /u/vts^'na.  Haw.),  Af.  subselosae  (A#.  dolickc- 
centra,  Lem.),  Af.  stelligerae  (Af.  subechinatat  S.  Dyck,  Af.  anguima.  Otto,  Af.  ffc- 
crocea,  S.  Dyck,  Af.  elongata,  DC.,  Af.  SieUa^urata^  Biart,  Af.  gracUis^  Pfr.),  Mtm- 
miliaria  elephatttidens,  Lem.,  Rhipsalis  paradoxa,  S.  Dyck  ;  (6)  forming  a  connected 
layer  beneath  the  epidermis,  owing  to  a  sinele  solitary  or  dustered  o^tal  occumo(C 
in  each  cell  of  the  hypoderm :  in  Pelecyphora^  Astrophyium^  and  ^chinoeacius.  in 
most  cases. 

II.  The  following  possess  laticiferous  canals  and  crystal-cells :  MammillanM 
centrispinae  (Af .  applanata,  Engelm.),  M.  angulares  (Af .  Webbiana.  Lem.,  Af .  crocidsU, 
Lem.,  M.  Emundtsiana,  Hort.,  Af .  Bockii,  Foerst.,  Af .  viridis,  S.  Dyck,  Af .  hyssnx. 
Mart,  Af.  FoersUri,  Muhlenpf.,  M,  pyrrhocephala^  Scheidw.,  Af.  c^niruirrhA,  Lem.. 
Af .  Hopferiana,  Linke,  M.  gfaucay  Dietr.,  Af .  cirrkiftrat  Mart.,  Af .  anguiawis.  Link  et 
Otto,  Af.  subangularis,  DC.,  Af.  megacantka,  S.  Dyck,  Af.  Newmanniana^  htau 
Af .  Krameriy  Muhlenpf.,  M,  peniacanthat  Pfr.,  M.  magnimamma.  Haw.,  Af .  gladiau. 
Mart,  Af .  Zuccariniana,  Mart.,  M,  tnacracantha^  DC),  Mammiliaria  nigra^  £hrenh^ 
Af .  rhaphidacanika,  Lem.,  and  M.  macromeris^  Engelm.,  also  Leuchienbetgia  prinaf^s. 
Fisch.  (here  the  laticiferous  canals  have  scanty  contents). 

III.  Mucilage-cells  and  crystal-cells  are  present:  (a)  crystal-cells  irregnkrh 
distributed :  Malacocarpus,  Echinacactus  OttaniSf  Lem.,  and  £.  Monviilei,  Lem.. 
Echinopsis,  Pilocereus,  Cereus,  Echinocereus^  Phyllocactus,  Epiphyiium^  Rkip%dii, 
Pfeiffera,  Lepismium,  and  Pereskia;  (6)  crystal-cells  farming  a  connected  b¥tr 
beneath  the  epidermis :  Mammiliaria  macroikeU^  Mart,  Mdocadus^  OpumHa^  Pewi^-* 
subulata,  Muhlenpf. 

The  mucilage-cells  are  found  in  the  whole  of  the  jnound-tissue ;  tbei! 
physiological  importance  as  water-reservoirs  is  evident.  Tne  maninal  portior. 
of  the  mucilage  exhibits  stratification,  running  parallel  to  the  cell-wall*  vtdki 
an  irregularly  shaped  mass  of  mucilage  usuaDy  occupies  the  middle  of  the 
cell.  Sometimes  crystals  occur  in  the  mudlage-ceUs.  It  has  not  yet  been 
definitely  determined  whether  the  contents  of  the  mudlage-ceUs  are  deriwd 
from  the  protoplasm  (according  to  Lauterbach),  or  from  the  ceU-raembfav 
(according  to  Dc  Bary  and  WalUczek),  or  from  both  (according  to  Longo  ?). 

In  addition  to  the  mucilage-ceUs  lysigenous  mudlage-canab  occur  in 
a  number  of  species  of  Opuntia  with  the  segments  of  their  shoots  flattened 
like  leaves,  such  as  0.  decumana^  Haw. ;  these  canals  are  situated  externally  tc 
the  bast  of  the  more  strongly  developed  vascular  bundles  (Schleiden^  De  Bary. 
and  Longo '). 

The  laticiferous  canals,  as  is  apparent  from  the  above  conspectus  w 
found  in  many,  but  not  in  all  species  of  MammiUofia,  as  wdl  as  in  Lemtinh 

*  LAuterbach  cariousljr  enough  did  not  obaent  theK  cuals,  nltho^gh  he 


CACTEAE 


413 


bergia  principis '.  They  axe  to  a  certain  extent  characteristic  of  groups 
of  species  in  MammiUaria,  In  this  genus  their  contents  consist  of  a  thick 
whitish  sap,  which  rapidly  hardens  on  exposure  to  the  air;  these  contents 
are  insoluble  in  water,  but  soluble  in  chloroform  after  long  exposure  to  this 
reagent,  and  also  soluble  in  ether ;  they  are  stained  bright  red  by  tincture  of 
alkanna,  and  may  therefore  be  considered  as  a  mixture  of  resin-  and  caoutchouc* 
like  substances.  The  diameter  of  the  canals  is  between  -042  and  -14  mm. 
With  regard  to  the  distribution  of  the  laticiferous  canals  the  foUowing  facts 
may  be  pointed  out  on  the  authority  of  Lauterbach.  In  the  interior  of  the 
plant  the  canals  are  isolated,  but  they  increase  in  abundance  towards  the 
periphery.  In  the  cortical  parenchyma  they  anastomose  with  one  another, 
and  send  numeroiLs  branches  into  the  superficial,  chlorophyll-containing  paren- 
chyma.  e5]>ecially  into  that  of  the  warts,  where  the  canals  extend  to  the 
region  just  beneath  the  hjrpoderm.  In  the  cortical  parenchyma  of  the  roots 
we  again  meet  with  these  canals  (with  a  diameter  »  "^"14  mm.),  but  they 
do  not  appear  to  extend  into  the  small  lateral  roots,  uutwinsld  in  his  paper 
lK)ints  out  the  fact  that  the  laticiferous  canals  of  MammiUaria  are  never  met 
with  in  the  pith  and  medullary  rays,  and  hence  occur  in  the  cortical  paren- 
chyma only.  The  mode  of  origin  of  the  laticiferous  canals  is  lysigenous,  accord- 
ing to  (iutwinski  and  Lauterbach. 

Oxalate  of  lime  is  sometimes  excreted  in  enormous  quantities  in  this  Order, 


(Hw> 


Fir.  vj 


A,  a,  Sphacritn  o(  f%yUoemeims  ip. ;  i 
A,  B  after  Kohl,  c-B  after  Molucfa 


cc.  Proieid-bodic«  of  E^pkjBmm  \  C,  £1  RmtmUmmmm^  d-b. 


>(>  that  it  forms  as  much  as  85  per  cent,  of  the  weight  of  the  ash  of  the  entire 
phiiit  (in  Cephalocereus  senilis^  according  to  Schleiden).  Both  solitary  and 
1  lastore<i  cr>'stals  occur,  and  the  latter  vary  in  shape.  According  to  Lauter- 
lucli,  the  most  \%idely  distributed  form  is  that  of  star-shaped  clustered  crystals, 
( omix.)>ed  of  monoclinic  prisms ;  they  are  especially  characteristic  of  the 
Opuniias.  Almost  as  abundant  as  these  arc  very  irregular  clustered  crystals, 
hkiwisf  consisting  of  monocUnic  prisms,  which,  however,  have  quite  a  short 
pnru'ipal  axis.  SoUtary  crystals  are  rare  in  this  Order ;  quadrate  octahedra, 
t('trai;«>nal  and  monoclinic  prisms  are  found.  Bundles  of  raphides,  composed 
(»t  niornniinic  prisms  with  a  very  long  principal  axis,  have  been  observed  by 

'  /;  '.tn^iufuj  iri7/tamstt\  Lem.  and  £,  Limimii,  Hcnn.  also  poiicai  UtidiSeRmi  canab  acoofd- 
11.^  t'>  K.  .vhnmano.  who  dewribcs  the  iccretory  elemcnU  to  ((vcttioo  as  *Iatcs-iaca,*  oootiaiy  to 
the  iivt'-mary  nomcDclatnrc,  and  inconcctlf  aicribci  a  idusogcDOOt  mode  of  origin  to  them  (lee 
lirli.u  :  ac.uidin)*  to  MichaelU,  on  the  oilier  hand,  laticUerou  canab  are  not  Ibnod  in  these  two 
•pecies. 
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Lauterbach  in  Opuntia  Ficus  indica  and   Echinocacius  OUonis.     AccorcLc^ 
to  Moebius  and  Kohl,  very  fine  sphaero-crystals  (Fig.  93,  A-B)  of  oxalate  0: 
lime  occur  in  some  species.    They  have  a  spherical  or  ellipsoidal  shape,  thej; 
diameter  varying  between  -0125  and  -02   mm.    Sometimes    they   resemb!- 
half-compound  starch-grains,  as  they  contain  several  centres,  about  whicL 
the  outer  layers  are  arranged.    According  to  Kohl,  it  is  doubtful  wheihe: 
these  sphaerites   are   of  systematic   value  for   the  species    in    which   th<ry 
occur.    Nevertheless  brief  reference  may  be  made  to  a  few  plants  contair.ir^ 
sphaero-crystals,  and  to  the  place  of  occurrence  of  the  latter,  on  the  l^^;* 
of  Kohl's  observations,  without  however  entering  into  the  special  structurr 
of  the  sphaerites  in  the  different  species  :    thus  sphaerites  are  found  m  ih- 
apices  of  the  mammillae  of  Mammillaria  WiUiana  and   A/,   macrothelc,  .r 
the  stem  of  Epiphyllum  sp.,  Cereus  rostratus^  C.  nycticalus  and  Phylloca.tu- 
grandiSy  and  in  the  root  of  Cereus  rostratus.    Finally,  the  idioblasts  of  Opur/.u 
Lemaireanay  which  contain  clustered  crystals  and  have  been  described  ':> 
Kasimir,  remain  to  be  mentioned ;  they  have  very  thin  walls  and  on  su;r:- 
ficial  observation  might  be  taken  for  clustered  crystals,  lying  in  intercelluli: 
spaces.     Crystals  of   oxalate  of  lime  are  excreted  in  the  cell-wall  01  :hi 
epidermis  and  of  the  subepidermal  cell-layer  in  Pereskia  BUo^  according  *■ 
the  same  author. 

To  complete  the  discussion  of  the  cell-contents  in  the  ground- tissur  ■ : 
the  Cacteae,  it  remains  to  mention  the  frequent  occurrence  of  sphaerocr>-sial!:r' 
masses  of  undetermined  nature,  which  Lauterbach  and  others  have  lour: 
deposited  in  alcohol  material.  It  is  also  necessary  to  say  a  few  words  on  ±' 
curiously-shaped  proteid-bodies  (Fig.  93,  C-£)  which  were  discovered  h> 
Molisch  in  the  branches  of  EpiphyUum.  In  all  species  of  this  genus  la:*:- 
proteid-bodies  are  found  in  every  cell  of  numerous,  island-like  areas,  whkr. 
occur  in  the  epidermis  and  the  neighbouring  cortical  parenchynia.  As  a  rj!- 
these  bodies  have  the  shape  of  a  straight  or  bent  spindle,  a  ring  or  a  vi". 
long,  thin  thread,  which  is  sometimes  rolled  up  ;  the  first  two  forms  arc  cir.- 
monly  stratified  to  such  an  extent  that  they  appear  to  be  composed  of  throailN 
which  are  united  by  a  substance  of  a  different  refractive  index  ;  the  thnuS 
are  found  either  singly  or  several  in  the  same  cell,  and  often  attain  con>ivi::. 
able  length.  Molisch  regards  these  structures  as  reserve-substances,  Chr:  • 
Icwsky  as  secretions '. 

Literature:  De  Candolle,  Fam.  des  C*,  M^m.  Mot.  d*hisL  naL,  t.  ztU,  i8jS. — Schle/xz 
Anat.  d.  C,  M^m.  Acad,  des  sc.  de  St-P^tenboug,  i^r.  6,  t.  W,  1839,  46  pp.  and  10  Ta^.- 
Harting,  Anat  d.  Cact.,  Tijdschrift  voor  natnorl.  Geachied.  en  Phys.,  184a,  pp.  181-243. — M:^:!. 
1)an  d.  Mclocacten,  Linnaea  184a,  p.  465  et  seq.— Mohl,  ia  Venn.  Schrift.  '8^5,  p.  115  note,  aai  Nr. 
Zeit.  1845,  p.  3. — Nik.  Kauffmami,  EntwickL-Geich.  d.  Cs^/ttJ-Stacheln,  BqiI.  Soc  imp.  d.  cit^n!. 
de  M0SCOUX850,  n.  2-3. — Engelmann,  Botanical  Works,  1887,  p.  J05  note. — Strmftbur|*er,  SpalM^. 
Pringsheim  Jahrb.,  Bd.  v,  1806-7,  P*  3^7* — ^Tr^cnl,  MudlagiMp  Adanionia,  L  vii,  1866-7,  P-  •** 
et  Bcq. — Vochting,  Morph.  tu  Anat.  d.  Rhipsalideen,  Prinffiheim  Jahrb.,  Bd.  is,  1873-4,  pp.  5:;- 
484  and  Tab.  xxxi-xlviii. — Delbronck,  Pflanzenstach.,  Hwutein,  Bot.  Abh.,  ii,  1875.  PP^  71-^-- 
Mbller,  Holzanat.,  Denkichr.  Wiener  Akad.  18^6,  pp.  74-5  and  37a — De  Bary/VersL  Sm. 
1877  (sec  here  the  older  literature,  in  part  not  cited  in  we  present  review,  and  detailed  ttaiemn^ 
abont  it).— Caspari.  Ilaatgew.  d.  Cact.  Din.,  Halle  a.  S.,  1883.— Mobini,  Sphaxokryttalle,  cl:- 
Bcr.  deutsch.  bot.  Gesellsch.,  Bd.  iii,  1885,  p.  178  et  icq.— Molisch,  Merkw.  gel  ProCeinkorpc?  J 


phyllum,  Bot  Ccntralbl.  1887,  iii,  p.  ii7.~Wittinann,  Anat  d.  Pfl.^knch.,  DisL,  iSk«^'- 
Gutwinski,  Bau  und  Kntw.  d.  Milchgange  bei  der  Gatt  Atummillana^  PoUsh,  with  Latin  absu. 
separate  copy  from  Jahrcsber.  Franz-Josef- Gymnas.  za  Lemberg,  1888,  is  pp.  and  I  Tab.-~LAi»^- 
bach,  Sckretbeh.  bei  den  C.  etc.,  liot  Centralbl.  1889,  i,  pp.  257,  289,  319,  369  and  409  et  sei;  «^ 

'  Similar  bodies  are  found  in  the  Orchid  Omidium  microchilum  (Mikoich,  Bcr.  deotach.  bot 
Gesellsch.  1S90),  in  TetophiUa  cyatwcrocus^  belonging  to  the  Haemadormoeae  (,\VakkGr.  in  Pra^ 
hcim  Jahrb.,  lid.  xxiii)  and  in  the  tentacles  of  Drosera  dichoioma  (Gardiner). 
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Tab.  li,  iii.— Kohl,  Kmlkf.  a.  Kicselt.,  1889,  P-  3)^— Van  Breda  de  Haan,  Anat  Yan  bet  ralacfat 
Meloccutus,  Haarlem,  1891,  113  pp.  and  3  Tab. — Benecke,  Nebenz.  d.  Spaltdfti,,  Bot.  TjcX.  189a, 
pp.  586-8.— H.  Schenck,  Anat.  d.  Lianen,  1893,  p.  148. — Schnmaim,  in  NatiirL  Ptflanienfiun., 
UL  Tdl,  Abt.  6a,  1894,  p.  164  et  leq. — Walliczdt,  Membnuuchleim,  Pringdieim  Jahrb.,  Bd.  zziii, 
1893,  p.  36J  et  leq.— ^anoog,  Morph.  n.  BioL  d.  C,  Dui^,  MiTnrhfn,  and  Flora  1894,  Erginmnga- 
band.— Kaaimir,  Cmuu  cbex  Opuntia  et  Ptreskia,  BolL  Hert>ier  BoUder,  L  ii,  1804,  pp.  490- 
JOG— [Loogo,  Muciliupne  dclle  Cactee,  Bull,  della  Soc  bot  Ital.  1896,  pp.  so-a.j— MichAdu, 
VergL  Anat.  d.  Gatt.  Eckinotactus,  Mammiltaria  d.  AnJkaUmum  etc,  IMn.,  Erlangcn  and  Halle  a. 
<1.  S.,  1896,  39  pp.  and  3  Tab. — Looco,  Idioblasti  mvdferi  delle  C,  Annoar.  R.  iM.  bot.  di  Roma, 
vol.  Tii,  1897,  14  pp.  and  1  Tab.,  and  Intonio  ai  canali  delle  Opnnzie,  loc  dt,  6  pp.  and  1  Tab. 

FICOIDEAE. 

1.  Review  of  the  Anatomical  Features.  According  to  the  existing 
investigations  the  foIlo>%ing  features  in  the  structure  of  the  axis  may  be 
regarded  as  characteristic  :  the  anomalous  stem-structure,  the  lack  of  paren- 
ch>Tnatous  medullary  ra>'s,  the  simple  pitting  of  the  prosenchymatous  ground- 
tissue,  and  of  the  wood-prosench>*ma,  and  the  simple  perforations  of  the  vessek. 
The  anomalous  structure  of  the  axis  is,  however,  only  present  in  the  sj)ecies 
uith  thick  stems  (exception  :  Polpoda) ;  in  these  the  transverse  section  of  the 
axis  either  shows  several  concentric  rings  of  vascular  bundles  (Tetragonia- 
t>l>e)  or  bundles,  which  may  be  concentrically  or  irregularly  arranged, 
embedded  in  a  prosenchymatous  or  partly  parenchymatous  ground-tissue 
{Mrscmbryanth^mum'type).  Cork- formation  is  (at  least  in  Mesembryanikc' 
mum)  internal.  In  the  leaf-structure,  the  occurrence  of  larse,  water-storing, 
bladder-like  cells  in  the  epidermis  (Fig.  94,  A-B)  and  of  aqueous  tissue 
in  the  interior  of  the  leaf  in  many  species  may  be  especially  pointed  out. 
A  constant  and  characteristic  type  of  stoma  is  not  found ;  in  some  of  the 
sjH'cies  of  Mesicmbryanthemum^  however,  subsidiary  cells  are  present,  which 
are  placed  jwirallel  to  the  pore.  With  the  exception  of  very  large  tannin- 
sacs  occurring  in  the  leaf-tLssue  of  some  species  of  MesembryanOiemum^  internal 
>ecretor>'  organs  are  wanting.  The  hairy  covering  consists  of  simple  uni- 
cellular hairs,  unicellular  two-armed  trichomes  (Aizoon^  GaUnia,  and  Plin- 
th us),  and  stellate  hairs  vrith  a  uniseriate  stalk  and  a  terminal  cell,  assuming 
the  form  of  a  star  (Glinus  and  Mollugo  respectively.  Fig.  94,  C).  Oxalate 
of  lime  is  excreted  in  the  form  of  raphides  {MesembryatUhemum  and  Gisekia)^ 
>tyloids  (axis  of  Aizoon  and  Tctragonia)  and  clustered  crystals  ;  in  Mesem- 
bryanthcmion  it  also  occurs  as  a  deposition  in  the  cell-wall  in  the  form  of  small 
crystalline  granules,  found  principally  in  the  outer  wall  of  the  epidermal  cells 
of  the  leaf. 

2.  Stricture  of  the  Leaf.  Only  a  relatively  small  numt)er  of  species 
has  been  investigated  uith  regard  to  their  leaf-structure,  which  shows  a  d&tioct 
adaptation  to  the  dry  desert- regions  where  the  members  of  this  Order  occur. 
Tlie  highly  characteristic  epidermal  differentiation  (Fig.  94,  i4-B),  which 
is  often  found  on  the  stem  as  welU  has  been  specially  pointed  out  in  many 
meml>ers  of  the  Order  by  the  various  observers  (bchrank,  Bfirbel,  De  CandoUe, 
Mtyen,  Martinet,  and  later  by  De  Bary,  Hagen,  Dannemann,  Heinricher, 
arui  X'olkens).  Large,  bladder-like  epidennal  cells,  sometimes  reaching  the 
si/e  of  peas,  are  found  intercalated  among  the  cells  of  ordinary  dimensions.  The 
former  must  be  regarded  from  a  physiological  point  of  view  as  water-reservoirs. 
When  completely  filled  with  water  they  give  a  peculiar  appearance  to  the 
plants  of  this  Order,  to  which  the  latter  owe  the  name  of  ice-(dants.  Some 
of  these  large  cells  occasionally  tend  to  form  hairs  ;  e.g.  in  Teiragania  expansa^ 
where  the  bladder-like  cells  are  attenuated  in  a  papillose  manner  at  the 
afx'x,  and  in  MesembryafUhemum  crystallinum^  L.  (rig.  94,  i4),  in  which 
the  bladders  on  the  upper  side  of  the  leaf  suddenly  narrow  down  at  the 
a{H'x  into  a  short  and  slender  hair-like  structure.    In  addition  to  the  two 
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genera  Teiragonia  and  Mesembryanthemum^  these  large  bladder-cells  an 
also  found  in  various  degrees  of  development  in  species  of  the  genera 
Aizoon  (e.g.  A.  canariense,  L.,  Fig.  94  B),  Galenia  (e.g.  C.  glauca^  Walp.), 
Sesuvium  (e.g.  S.  Portulacastrum,  L.),  Trianihema  (e.g.  T.  crysiallina,  Vahl), 
and  Telephium  (T.  sphaerospermum,  Boiss.).  In  the  stomatal  apparatns. 
according  to  Benecke  and  C.  Schulze,  special  subsidiary  cells  are  either 
wanting  {Mesembryanthemum  crystallinum,  Teiragonia  expansa  ;  also  in  Adeno- 
gramma,  Gisekia,  Limeum,  Polpoda  and  Psammotropha)  or,  when  present, 
are  situated  parallel  to  the  pore  (Af .  adscendens  and  Af.  uncinaium).  In  tk 
second  case  the  stoma ta,  moreover,  he  more  or  less  parallel  to  one  another  and 
transversely  to  the  longitudinal  axis  of  the  leaf.  The  stroctore  of  the  leaC  as 
far  as  it  has  been  investigated,  is  centric.  The  entire  mesophyll  may  consb! 
of  palisade-tissue,  or  the  latter  may  form  a  subepidermal  envelope  surrounding 
a  centrally  situated,  aqueous  tissue,  which  is  composed  of  large  cells  and  encloses 


Fig.  94.  A,  Transverae  tectioa  throogh  tbe  maqrin  of  the  leaf  of  M$m 
B,  Traiw^'cne  •ection  thnmsii  the  IcMtotAtMOom  ammrmmm^  L.  C^  SteDatc  bai 
—A,  B  after  Volkena,  c  Original. 

the  vascular  system  ^  In  some  members  of  the  Order  (species  of  Messm* 
hryanthemum,  according  to  Pax)  a  covering  of  wax  is  present  on  the  vegetative 
organs  in  order  to  diminish  transpiration,  in  others  a  hairy  covering  serves 
the  same  purpose.  This  latter  consists  of  simple  uniceUular  hairs  {Mesem- 
hryanthemum  Ecklonis  and  Af .  steUigerum,  according  to  Dannemann),  uniceUular 
two-armed  hairs  (species  of  the  very  clo^y  related  genera  Auotm^  GaUnia  and 
Plinthus)  and  stellate  hairs  with  a  unicellular  star  (species  of  GUnms).  Tbe 
two-armed  hairs  vary  in  the  thickness  of  their  walls  and  in  their  appearancf. 
In  Aizoon  glinoides,  L.  f .,  I  observed  relatively  short  trichomes  with  thin  walk 
and  equal  arms,  as  well  as  very  long  hairs  with  thick  walls  and  very  unequal 
arms ;  in  Galenia  secunda,  Sond.  the  two-armed  hairs  have  thin  walls,  «kW 
lumina,  and  equal  arms.  The  stellate  hairs  of  Glinus  Cmmbessedesii^  Fecil 
(Fig.  94,  C),  ]X)ssess  a  uniseriate  stalk,  formed  of  2-4  cells  and  bearing  a  ter- 
minal cell,  which  is  differentiated  in  the  form  of  a  star.  Internal  Mcn'  ~ 
organs  are  rare.    In  a  few  species  of  Afesembryanikemum  only  (Jf .  gfai 

*  The  anatomy  of  the  biologically  intemtiiig  foniu,  inch  as  Muemkrymmikgmmm  inmc 
1 1  aw.  and  other  species  of  the  section  SphaerouUm,  in  whidi  the  oppodte  Icavn  aie  Hmi 
a  hemispherical  body,  provided  with  an  opening  nt  tbe  apel^  has  boC  fet  bcm  iamticMid 
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Arc.)  tannin-sacs  of  large  size  are  present,  situated  at  a  depth  of  one  or  two  cell- 
layers  beneath  the  epidermis  of  the  leaf  (Dannemann  and  Hohnel).  Oxalate 
oi  lime  is  found  in  the  leaf  in  the  form  of  raphides  (in  the  genera  Mesem- 
hryanthemum  and  Gisekia)^  clustered  crystals  (m  SetnonvilUa  and  Limeum^ 
according  to  Blenk)  or  quite  small  crystalline  bodies  {Psammotropha^  accord- 
ing to  C.  Schulze).  In  connexion  with  the  occurrence  of  oxalate  of  lime  we 
may  briefly  mention  the  deposition  of  small  crystals  of  the  same  substance 
m  tlie  membranes  of  the  epidermal  cells  of  the  leaf  in  species  of  Mesembryan- 
tktmum  ;  this  feature  was  first  observed  by  Solms-Laubach.  It  gives  the 
leaves  a  characteristic,  chalky-white  appearance.  If  the  deposition  is  con- 
fined to  circumscribed  areas  on  the  epidermis,  they  become  noticeable  as 
wliite  sjx)ts.  This  deposition  of  oxalate  of  Ume  is  essentially  confined  to  the 
outer  wall  of  the  epiaermis;  it  is  entirely  wanting  or  only  takes  place  to  a 
slight  extent  (the  latter  in  M.  lacerum  and  M.  siramineum)  in  the  inner  and 
lateral  walls.  In  the  outer  wall  the  entire  ceUulose  portion  is  filled  by  the 
crystalline  granules,  except  for  a  narrow  lameUa  bordering  on  the  cell-lumen. 
These  granules  are  most  densely  crowded  in  MesembryatUhemum  Lekmannu 
where  the  lamella  of  the  wall  in  which  they  occur  appears  in  consequence 
to  be  almost  homogeneously  calcified ;  the  same  may  be  said  of  M.  laccrum. 
The  granules  of  calcium  oxalate  have  a  rounded  shape,  which  is  flattened  in 
the  direction  of  the  invisible  stratification  of  the  cell-wall,  the  flattening  being 
f^reater  in  proportion  as  the  granules  are  more  closely  placed.  Finally  we  may 
mention  the  occurrence  of  sphaero-crystals  in  alcohol-material  of  species  of 
Mesembryanihemum ;  this  was  first  observed  by  Kolderup-Rosenvinge.  Accord- 
mg  to  Hansen,  they  are  invariably  soluble  m  water  and  produce  needles  of 
gyi^sum  when  treated  with  concentrated  sulphuric  acid,  which  indicates  that 
they  contain  lime. 

3.  Structure  of  the  Axis.  The  axis  of  the  woody  species  is  charac- 
terized by  anomalous  stmctore.  R^ault  has  the  merit  of  being  the  first 
to  draw  attention  to  this  feature.  Tne  anomaly  is  the  same  as  occurs  in 
the  Amarantaceae  and  related  Orders.  Rings  or  arcs  of  meristem  appear 
successively  in  the  pericycle  of  the  stem,  giving  rise  to  secondary  vascular 
bundles  and  intermediate  tissue  (Morot). 

According  to  the  structure  of  the  intermediate  tissue  and  the  arrangement  of 
the  vascular  bundles  two  types  of  transverse  section  may  be  distingmshed.  The 
first  {Mesembryanthemum'ty^)  shows  a  prosenchymatous  ground-mass,  in  which 
numerous  vascular  bundles  are  embedded,  arranged  in  more  or  leas  distinct 
concentric  rings.  To  this  type  belong  :  Mesefmbfyantk^mum  crysUdiinttm^  M.  wttM- 
florum,  and  Af.  tuberosum^  according  to  R6gnault,  Af .  butbosum^  Haw.,  Af .  echinahmi^ 
Ait.,  Af.  filicauU,  Haw.,  Af.  fioribundum,li^w.,  Af.  Lsktmanni,  EckL  et  Zeyh.,  Af. 
iupinum.  Haw.,  Af .  rubricaule.  Haw.,  Af.  speciabile^  Haw.,  and  Af.  umb$Uah$m^  L.» 
.iccording  to  Faikenberg,  Af .  geminifiorum,  according  to  Dannemann,  M.  bracUahtm^ 
Ait,  and  Af .  gracile.  Haw.  (see  my  '  Holxstniktur ') ;  further,  GaUnia  africana, 
retragonsUa  *  ampUxicaulis  '  '  and  irianth$ma  ptniandra,  according  to  R^gnault* 
as  well  as  Acrosantkss  UreHfoiia,  EckL  et  Zeyh.  (see  my '  Holxstniktur '),  and  Sssuvium 
congense,  Welw.,  according  to  Pax.  The  second  tvpe  (T^^a^ofiui-type)  consists  in 
the  alternation  of  more  or  less  complete  rings  of  xylem  and  phloem  in  the  transverse 
section  of  the  stem,  i.  e.  secondary  vascular  rings  are  present.  This  second  tvpe 
has  been  met  with  by  R6ffnault  and  me  in  Aisoon  elongatum^  EckL  et  Zeyh.,  ana  M. 
propinauum,  EckL  et  Zeyh.,  Giinus  lotaidss,  L.,  Sssuvium  PorhUacastfum^  Tftragoma 
crystaUina,  T.  expansa^  T.  fruHcosa,  L.,  and  T.  spicaia,  L.  t  Pax  provistcuially 
mdudes  the  genera  Giinus,  AiMOon,  Triantksma,  Tetragonia,  Orygiat  Phamacstim, 
and  Macartkuria  in  this  type.  Between  the  two  types,  however,  transitions  occur. 
The  phloem-portions  of  the  secondary  vascular  bundles  are  not  always  rounded  in 
the  first  type,  especially  in  spedesof  hffs^mbryantk4mum,bnt  are  sometmiesekMigated 
m  the  tangentiau  direction  m  the  form  of  bands,  so  that  a  transition  to  the  second 

^  AnaoQ  ipbalmate  ex  '  mm^exifmmm  *  ? 
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type  is  indicated,  notably  when  the  bundles  show  a  well-marked  concentric  arra£;^ 
ment.  On  the  other  hand,  in  Aizoon  propinquum,  for  example*  which  belongs  to  & 
second  t3rpe,  the  phloem-rings  are  found  to  be  locally  interrupted  by  groups  of  proMo- 
chymatous  cells  uniting  the  rings  of  wood  in  a  radial  direction  ;  in  this  way  tiier: 
is  a  certain  approximation  to  the  appearance  of  the  transverse  section  in  the  &r 
type. 

According  to  C.  Schulze,  the  herbaceous  genera  Adenogramma,  Giseku. 
Limeunty  and  Psammotrophay  as  well  as  the  woody  genus  Polpoda^  (Ufier  froc 
most  of  the  woody  species  in  possessing  normal  stra^ore.  Some  of  the  genca 
named,  however,  are  referred  to  other  Orders  (Portulac^ae,  Phytolaaaceat 
&c.)  by  certain  systematists. 

The  following  points  may  be  mentioned  with  regard  to  the  stnicnx:; 
of  the  zylem.  Ray-parenchyma  of  the  normal  (parenchsrmatous)  typt 
is  wanting  in  both  groups  of  species.  The  spiral  tracheae  of  the  prinun 
xylem  are  only  found  in  the  innermost  bundles  (the  leaf- trace  bundles).  TV 
prosenchyma  always  bears  simple  pits,  whether  it  constitutes  part  of  the  ground- 
tissue  or  is  actual  wood-prosenchyma,  i.e.  such  as  belongs  to  the  vascuir 
bundles.  According  to  the  statements  of  Falkenber|;  and  Horot,  unligni&d 
parenchyma  may,  however,  take  part  in  the  formation  of  the  ground-tissiic 
in  Mesemhryanthemum  to  a  variable  extent.  Thus  in  M.  Lehmanni^  EckI 
et  Zeyh.  abundant  parenchyma  appears  side  by  side  with  the  prevalent  pn»- 
enchyma;  in  M.  lupinumy  Haw.  the  prosenchymatous  cel&  are  entiith 
wanting,  and  the  ground-tissue  consists  solely  of  thin-walled  parenchym 
The  vessels  have  walls  with  bordered  pits  and  simplet,  circular  or  ellipticai 
perforations.  I  have  observed  delicate  spiral  thickening  of  the  vessei-«i!I 
in  GaUnia  africanay  and  delicate  striation  in  Tetraamia  fruiicosa. 

Our  detailed  knowledge  of  the  structure  of  the  cortex  is  confined  to  the 
genus  Mesemhryanthemum.  The  bladder-like  water-storing  cells  arc  aI>o 
found  in  the  epidermis  of  the  stem.  The  outer  cortical  tissue  is  sometiiDe 
differentiated  as  more  or  less  typical  assimilatory  tissue.  Some  spedcs  (J/ 
crystallinum^  M.  imbricatumy  M.  splendens,  ftc.)  possess  cortical  om^'; 
these  consist  of  thin  branches  of  the  petiolar  bundles^  packing  into  the 
stem  at  the  nodes  and  dividing  into  small  ramifications,  which  ai*fcffwn<w 
in  a  reticulate  manner,  and  penetrate  downwards  into  the  cortex  irithcot 
reaching  the  next  node  below.  In  other  spedes  (M.  Haworihii^  Af.  ngm- 
caulcy  M.  umbellatum)  a  zone  of  collenchymatously  thickened  cells  is  present 
on  the  outer  side  of  the  ring  of  meristem.  Acccraing  to  Dannemann,  pexi- 
derm-formation  is  internal ;  the  phellogen  develops  from  one  of  the  inner- 
most ceU-layers  of  the  cortex  (Af.  sfUndens)^  or  the  outermost  ce]l«laycr  oi 
the  collenchymatous  zone  just  mentioned  (M.  rigiiicaule),  or  the  ootcnnost 
cell-layer  of  the  meristematic  ring. 

Oxalate  of  Lime  has  been  observed  (a)  in  the  ground-tissue  of  the  axis  ot 
Mesembryanihemum  in  the  form  of  raphides,  which  are  sometimes  contained 
in  suberized  sacs  (H5hnel,  Zacharias),  (o)  in  the  soft  bast  of  Ainan  prvpimaum 
in  the  form  of  styloids,  (c)  in  the  pith  of  Te^agania  spicmim  in  the  form  of  st^oid- 
like  crystals,  and  (d)  in  the  cortex  of  Tetragonia  expansa  (lUgnault)  and  Limew^ 
(C.  Schulze)  in  the  form  of  clustered  crystals. 

4.  Structure  of  the  Root.  The  anonudons  ■tmetnra  of  the  stem  b 
generally  repeated  in  the  root  {Mesembryatiikemum ;  TVCnurome  esteui. 
according  to  Lohrer  and  Morot ;  Aixoan  hispanicttm,  acccHrmng  to  Moroc ; 
MoUugo  radiala,  Ruiz,  et  Pav.,  according  to  my  own  observatkm).  Oo  tbe 
other  hand,  I  have  observed  the  wood  of  the  root  to  have  normal  stractnit 
in  Pharnaceum  incantim,  L.  and  Psammoiropka  ytw^ntngWaiu^  FensL 

'  Rusow's  sUtement  regarding  tbe  oocuncnce  of  mcdolluy 
strvctnre  in  Af.  crystalliMUm  is  incorrect. 
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1.  Review  of  the  Anatomical  Features.  Like  the  dosdy  related 
Araliaceae  the  members  of  this  Order  are  distinguished  by  the  possession  of 
schizogenous  resin-canals,  which  moreover  occur  in  the  same  position  as  in 
the  former  Order.  The  following  are  further  anatomical  features,  found  in 
most  or  all  of  the  Umbelliferae :  the  presence  of  coUenchymatous  strands 
in  the  primary  cortex,  corresponding  to  the  ribs  of  the  stem ;  the  ultimate 
disappearance  of  the  pith  in  the  intemodes ;  and  the  fact  that  the  fibro- 
vascular  strands  of  the  petiole  are  invariably  isolated.  The  type  of  stoma 
is  not  uniform.  The  perforations  of  the  vessels  are  chiefly  simple ;  the 
wood-prosenchyma  of  the  woody  species  is  provided  with  simple  pits,  either 
wholly  or  partially.  The  development  of  corlc  usuaUy  takes  place  superficially. 
With  regard  to  the  hairy  covering,  it  should  be  noted  that  glanaular  hairs 
have  not  been  observed  but  that  simple  unicellular  hairs  occur  occasionally, 
and  also  multiseriate  shaggy  hsurs  inydrocotyU)^  abietifonn  hairs  (XanAosM, 
Fig.  ^5,  A'B)^  and  stellate  hairs  {Bairiesia^  Fig.  05,  Q.  Oxalate  of  lime  is 
principally  found  in  the  form  of  clustered  crystals,  but  in  the  axis  it  also 
appears  in  the  form  of  solitary  crystals.  The  foUowing  anatomical  features, 
which  can  only  be  employed  in  specific  diagnosis,  are  especially  noteworthy : 
the  appearance  of  medullary  bundles  in  the  stem  witn  varied  orientation 
(see  also  Fig.  96) ;  the  very  variable  appearance  of  the  transverse  section 
of  the  petiole ;  the  occurrence  of  cortical  groo|»  of  vascular  bundles  in 
certain  Eryngia  having  a  monocotyledonous  habit ;  the  appearance  of  an 
extrafascicular  ring  of  growth  in  the  rhixome  of  Eryngium  LMSsawcii^  Decne. 
and  E.  Serra^  Cham,  et  Schlecht. ;  the  secondary  transformation  of  the 
vascular  system  of  the  root  into  concentric  vascular  bundles  (Fig.  97)  in  certain 
spedes  of  Oenantke^  Ac 

2.  Structure  of  the  Leaf.  Numerous  investigations  of  the  structure 
of  leaf  and  axis  in  this  Order  exist  in  the  Uterature ;  these,  however,  always 
take  only  a  smaU  number  of  the  genera  and  species  of  this  large  Order  into 
consideration,  while  special  attention  is  paid  to  one  or  other  of  the  anatomical 
features.  As  a  consequence  it  is  not  feasible  to  enter  into  all  the  detailed  state- 
ments of  the  authors  in  the  foUowing  sections,  the  object  of  which  is  to  give 
an  exact  review  of  the  anatomical  features  appearing  in  the  leaf  and  axis  of 
the  Umbelliferae. 

Eea 
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The  leaf-structure,  as  might  be  expected,  varies.  It  is  mostly  bifaciaL 
but  it  is  centric  in  those  leaves  which  only  have  very  narrow  or  terete  swmenti. 
as  for  example  in  Foeniculum  officinale^  AU.  and  in  the  leaves  of  BufUmmm. 
The  stomata  may  occur  on  both  sides  of  the  leaf  or  only  on  the  lower  side.  In 
the  species  of  Eryngium  with  a  monocotyledonous  habit  they  are  arraiiged 
fiarallel  to  one  another,  as  in  the  Monocotyledons,  and  are  accompanied  by 
subsidiary  cells,  paraUel  to  the  pore  (Moebius).  Subsidiary  cells  of  the  latter 
type  also  occur  in  Xanihosia  hirsuia,  DC.»  according  to  my  own  observatioo. 
while  in  Hydrocofyle  Chamaemorus^  Cham,  et  Schlecht.  afi  transitions  froo 
the  Rubiaceous  to  the  Acanthaceous  type  are  found,  vix.  subsidiary  cells 
which  are  placed  parallel,  as  well  as  transversely  or  obliquely  to  the  pore : 
in  the  representatives  of  the  other  tribes  which  I  have  examined  {Awmn 
Visnaga^  Lam.,  Bowlesia  tropaeolifolia^  Gill,  et  Hook.,  CaMcmUs  daucatdei. 
L.,  Laserpitium  latifolium,  L.,  Mulinum  cuneaium.  Hook,  et  Am.,  Peucedamm 
MlsaHcum,  L.,  Prangos  uhpUra^  DC.,  Sanicula  etirapaea,  L.  and  Seseli  peiraeum, 
Bieberst.)  the  stomata  are  surrounded  by  several  neighbouring  ceUs  of  tht- 
ordinary  kind,  sometimes  three  in  number  (Sanicula^  Peuceianum).  According 
to  Volkens,  the  stomata  on  the  stem  of  Deverra  iriradiaia,  Hochst.  and  D 
tortuosa^  DC.  he  in  basin-shaped  depressions,  which,  in  the  same  way  as  ir 
certain  Coniferae,  are  filled  with  a  resinous  or  wax-like  mass.  Hypodenn 
has  been  observed  in  the  leaf  in  Bupleumm  graminifoUum  (one-layered)  by 
Klausch,  in  Acipkylla  carnosula^  F.  von  Mtill.  (one-layered  beneath  thr 
entire  epidermis)  and  Eryngium  vesiculosum^  Labill.  ('  three-layered  epi- 
dermis ')  by  Diels,  and  in  the  Eryngiums  with  a  monocot^edonous  habit  (or. 
both  sides,  as  in  E.  paniculatum^  Cav.,  or  only  on  the  lower  side)  by  Mdbiu^ 
and  I^tzer. 

With  regard  to  the  general  leaf-structure,  Foeniculum  oMcinmU  and  the  species 
of  Erynpum  with  a  monocotyledonous  habit  may  be  fliicwwed  ia  somewhAt 
greater  detail.  The  circular  transverse  section  of  the  leaf  of  the  first-named  plant 
exhibits  beneath  the  epidermis  an  envelope  of  palisade-tissue,  locally  intemptsd  b> 
bundles  of  coUenchyma  ;  in  the  interior  of  the  leaf,  vascular  bundles^  arranged  in  a 
ling,  correspond  in  position  to  the  bundles  of  coUenchyma.  In  the  species  of 
Erynfrium  having  a  monocotyledonous  habit,  the  leaves,  which  are  provided  with 
parallel  veins,  are  in  some  cases  traversed  by  air-canab  in  the  longitiiduial  diiectioo. 
parallel  to  the  veins ;  these  air-canals  are  interrupted  by  diaphragms  at  certain 
latervals.  In  the  lonntudinal  septa,  separating  the  air-canab  from  one  another, 
run  the  vascular  bundles  of  the  veins  ;  these  bundles  are  mostly  in  twos,  of  which 
the  upper  one  is  inversely  orientated.  In  the  lamina  the  upper  and  lower  sides  of 
the  leaf  exhibit  almost  identical  structure,  except  that  in  many  species  the 
.sclerotic  hypoderm  is  confined  to  the  lower  side,  although  in  other  cases  it  oocois  oo 
both  sides  of  the  leaf.  Beneath  the  epidermis  or  the  hypodenn,  as  the  case  may  be, 
broad  strips  of  palisade-parenchyma  and  narrower  bands  of  fibre-like  sclerenchyma 
alternate  on  l>oth  sides  of  the  leaf ;  the  sclercnchvma-strands  are  fovad  above  sad 
below  the  vascular  bundles  of  the  veins,  and  aiso  between  them,  althoagh  they 
are  less  strongly  developed  in  the  latter  position.  Regarding  the  structure  of  the 
septate  leaves  ojf  species  of  Oiioa,  Crantzia,  and  Tiedmannia,  see  Briqoet. 

As  general  features  in  the  structure  of  the  petiole  it  nuy  be  mentioiied 
that  the  vascular  bundles  invariably  have  an  isolated  course  and  that,  as  in 
the  stem,  subepidermal  collenchymatous  strands  are  mostly  to  be  found  opposite 
the  peripheral  vascular  bundles.  The  Imndles  of  the  petiole  are  either  arrai^ed  in 
a  ring  or  in  an  arc;  medullary  bundles  are  not  uncommon,  and  vary  in  number. 
All  those  species  which  possess  medullary  vascular  bundhs  in  tne  stem  also 
exhibit  them  in  the  petiole.  The  converse  of  this  statement  is,  however,  not 
correct ;  for  in  many  species  which  have  no  medullary  bundles  in  the  stem,  such 
bundles  are  found  in  the  petiole.  Their  occurrence  in  the  petiok,  as  in  the  stem, 
is  only  a  specific  pecuUarity.    The  medullary  vascular  bundles  aie^  as  a  nik. 
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simply  collateral ;  bat  by  the  fusion  of  the  contigoous  xylem-portknis  of  two 
bumlies  apparent  biodlateral  bundles  ori^nate,  whilst  secoodaiy  development  oi 
woody  tissue  oa  the  bast-side  of  the  originally  sim|de  odlateraf  bundles,  results 
in  nx>re  or  less  completely  concentric  structure  with  central  phloem. 

Ozmlmte  of  liiM  is  found  in  the  leaf,  principally  in  the  form  of  clustered 
crystals  ;  in  many  cases  it  is  entirely  absent.  In  the  bast  of  XatUhosim  hinuiM 
solitary  crystals  are  also  present. 

With  regard  to  the  hairy  covering,  it  may  be  mentioned  that 
glandular  hau3  have  not  been  observed ;  species  of  Siebera  are.  however, 
described  by  Bentham  and  Hooker  as  '  frutices  .  .  .  tenuissime  glanduloso- 
puberuli/  a  point  which  requires  further  investigation  ^  Simple,  unicellular 
hairs  occur,  for  example,  in  CaucaUs  daucaides^  as  also  in  Tartlis  Aniknsau^ 
Ginel.,  in  which  the  wall  of  the  hair  is  thickened  in  a  verrucose  manner  and 


ralcifted  ;  the  leaf  of  I^angos  ulopura  bears  short  unicellular  bladder-bke 
trichomes  ;  XanUkosia  piicsa,  Kudge.  tias  hairs  coasisting  of  a  number  of  tiers 
and  resembling  a  ftr-trec.  these  hairs  being  com|)Osed  of  a  few  short  basal  cells 
with  thin,  yellow  walls,  whilst  the  ray-ceUs  in  the  tiers  are  pointed  and  have 
thick  walls  and  narrow  tumina  (Fig.  95.  A-B) ;  BawUsim  tropaeolifolia^  GiH. 
et  H<K>k.  has  stellate  hairs,  provided  with  a  l)lseriate  or  multiseriate  pedestal, 
and  four  or  more  ray-<:ells,  which  arc  spread  out  in  one  plane  on  the  lower  side 
of  the  leaf  (Fig.  95.  (\  whilst  they  are  directed  upwaros  on  the  upper  side  of 
the  leaf ;  HydrocoiyU  Chamacmorua  has  long,  conical,  multuenate  shaggy 
hairs,  ruunded  off  at  the  end '. 

Tlie  resincanmls  of  the  Umlielliferae  may  now  be  discussed  ;  they  occur 
in  all  the  vegetative  |)arts  of  the  plant,  and  sometimes  exhibit  a  characteristic 

■  Klirwbere  the  Icaf-tccth  lumciiMC*  feottioo  •■  oiactUciMWi  ■ccittofy  orfaat  oa  tiM 
IcAvet  ol  the  UrabcllUenic   mc  Kcmke.  loc  dl.'i. 

*  I  HikW  aUo  Bcstioni '  |mU  gloAtiHui  *  in  the  ccniu  lirum. 
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arrangement,  which  is,  however,  probably  in  all  cases  only  of  value  for  specific 
dia^osis.  In  the  stem,  resin-canals  have  been  observed  in  the  primary  cortex, 
pencycle  (Van  Tieghem)  and  pith,  and  sometimes  also  in  the  secondary  bast.  In 
the  primary  cortex  they  either  occur  subepidermally  or  in  the  middk  of 
the  strands  of  colienchyma  or  on  the  inner  side  of  the  grooved  adlenchjona- 
strands,  or  between  the  bast  and  the  strands  of  colienchyma.  In  the  seooodary 
bast  the  resin-canals  have  been  met  with  in  woody  species  {Heieromorpkm 
arborescens,  Cham,  et  Schlecht.,  and  Bupieurum  fruHcosum^  L.)  and  in  the 
'  Rhizoma  Imperatoriae.'  In  the  pith  the  lesin-canals  are  found  in  most 
members  of  the  Order  (exceptions  :  Bupieurum  Gerardi  and  B,  ranuttculoides. 
according  to  Trdcul,  and  HydrocotyU  vulgaris  and  Xantkosia  roUmiiMia^  accord* 
ing  to  I^  Bary) ;  they  occur  in  the  interior  of  the  pith,  especially  ^fdien  the 
latter  is  persistent.  In  the  numerous  species  with  fistular  intemodes,  the 
medullary  resin-canals  are  mostly  confined  to  the  persistent  peripheral  part 
of  the  pith.  In  a  few  cases  only,  the  canals  are  present  in  the  middle 
of  stems  which  become  fistular ;  in  these  cases  they  are  either  isolated  and 
lie  free  in  the  cavity,  ensheathed  by  a  few  layers  of  pith-cells  {Smymium 
Olusatrum),  or  they  are  embedded  in  persistent  lamellae  of  pith,  which  project 
into  the  cavity  from  the  periphery  (Heracleum  Spkondylium).  In  the  inter* 
nodes  of  the  stem  the  resin-canals  have  rather  a  straight  course,  and  scarcely 
branch  or  anastomose  ;  in  the  nodes,  on  the  other  han(^  numerous  anastomoses 
and  branches  are  found.  Blind  terminations  of  the  resin-canals  have  not 
been  observed  in  the  stem ;  the  secretory  sacs,  described  as  occurring  in 
the  older  rhizomes  of  Imperaioria^  are  merely  immense,  bladder-like,  Uxral 
enlargements  of  the  resin-canals '.  In  the  petiole  the  resin-canals  exhibit  a 
similar  distribution  to  that  found  in  the  stem  ;  thus  they  lie  in  those  portions 
of  the  ground-tissue  which  correspond  to  the  pith,  external  cortex  and  peri- 
cycle,  and,  as  K.  Miiller  has  shown  in  the  case  of  a  number  of  species,  they 
also  occur  in  the  bast.  The  branches  of  the  resin-canals  also  enter  into  the 
lamina  of  the  leaf,  where  they  accompany  the  vascular  bundles  of  the  veins 
into  the  branches  of  the  third  or  even  of  the  fourth  order ;  they  occur  on  both 
the  upper  and  lower  side  of  the  bundles,  their  number  varying  from  one  to 
several,  according  to  the  thickness  of  the  vein  ;  finally  their  terminal  branches 
anastomose  to  form  a  network.  In  the  primary  tissues  of  the  root  the  resin- 
canals  are  confined  to  the  periphery  of  the  vascular  strand  (the  pericambium), 
immediately  internal  to  the  endodermis.  They  are  here  found  opposite  the 
xylem  as  well  as  the  phloem-groups  of  the  vascular  strand,  just  as  m  the  roots 
of  the  Pittosporaceae  and  Araliaceae.  The  result  is  the  same  in  both  c^ses, 
leading  to  an  anomalous  origin  of  the  lateral  roots,  which  arise  between  the 
two  resin-canals,  placed  opposite  a  xylem-  and  a  phloem-group  respectivdy, 
so  that  they  are  twice  as  numerous  as  the  xylem-  or  phloem-groups,  which 
together  form  the  fibro-vascular  system  of  the  root  (Van  Tieghem).  In  the 
older  roots  of  Umbelliferae  the  resin-canals  are  found  in  the  secondary  b«st» 
sometimes  (e.g.  in  Myrrhis  odorata  and  Opapanax  Ckironium^  according  to 
Trdcul  and  Van  Tieghem)  also  in  the  wood.  The  contents  of  the  resin-canals, 
briefly  described,  consist  of  ethereal  oils,  together  with  resin,  or  of  milky  mixtures 
of  these  substances  with  mucilage  and  solutions  of  gum  ;  in  the  fresh  state  they 
may  be  either  clear  or  turbid,  and  vary  from  milky-white  to  yellow  in  colour. 
3.  Structure  of  the  Axis.  The  stems  in  most  members  of  the  Order 
are  ribbed.  The  ribs  correspond  to  strands  of  colienchyma  in  the  outer  cortex, 
whic"h  are  either  immediately  subepidermal  or  lie  2  or  3  cell-layers  internal  to 
the  epidermis.  Sometimes  a  ring  of  collench3rma  is  found  in  place  of  the 
isolated  collenchymatous  strands,  as  for  example  in  Bubon  GaUmnum  aixl 


Similar  enUrgemenU  tie  mentioned  hj  Dntaillf  in  the  cortei  of  the  root  ol  Pufmmem  mfhm* 
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in  many  Eryngiums^  or  the  coUenchyma  is  replaced  by  strands  of  sderenchy- 
matous  fibres,  as  in  the  axis  of  the  inflorescence  of  Eryngium  aqtuMcum^  L. 
(according  to  Mobius)  or  in  the  stem  of  Chaerophyllum  bulbosum  (according 
to  De  Bary).  The  coUenchyma  is  rarely  entirely  wanting  or  very  slightly 
developed  (Hydrocotyk  vulgaris,  Dimetopia,  Mulinum).  Between  the  collen- 
chyma-strands  and  throughout  the  outer  portion  of  the  primary  cortex  assimila- 
tory  parenchyma  is  found^  and  the  cells  of  this  tissue  sometimes  have  a  palisade- 
like  shape  (e.g.  between  the  collenchymatous  ribs  of  Eryngium  aquoHcum 
and  in  Pimpinella  Tragium).  The  inner  portion  of  the  primary  cortex  consists 
more  commonly  of  colourless  parenchyma.  The  following  special  features 
in  the  anatomical  structure  of  the  outer  cortex  should  also  be  mentioned 
here  :  the  occurrence  of  a  sclerosed  epidermis  in  some  species  of  Bupleurum^ 
such  as  B,  Gerardi,  &c.,  and  of  a  one-layered  sclerosed  hypoderm  in  the  stem 
and  in  the  axis  of  the  inflorescence  in  species  of  Eryngium ;  the  appearance 
of  lacunae  in  the  primary  cortex  of  the  stem  in  species  of  Oenanthe^  in  Hydro* 
cotyle  vulgaris,  and  in  the  axis  of  the  inflorescence  of  Eryngium  aquaiicum 
(here  of  especially  large  size  and  corresponding  in  position  to  the  furrows  of 
the  stem)  ;  the  clifferentiation  of  the  inner  portion  of  the  primary  cortex  of 
Mulinum  spinosum,  Pers.  as  a  strengthemng-ring,  composed  of  elongated, 
hgnified,  fibre-like  cells  with  wide  lumina  and  slit-shap«d  pits,  these  cells 
passing  over  into  typical  fibre-like  sclerenchyma  towards  the  interior  of  the 
stem.  The  cork  is  developed  subepidermally  in  Bupleurum  fruHcosum  and 
Heteromorpha  arhorescens,  according  to  my  own  investigation,  and  in  species 
of  Hydrocotyk  and  Trachymene,  according  to  Noenen  ;  on  the  other  hand  it 
originates  in  the  pericycle  in  Mulinum  spinosumK 

With  regard  to  the  fibro- vascular  system  the  most  important  point  is  the 
fact  that  most  members  of  the  Order  possess  a  normal  ring  of  vascular  bundles, 
although  medullary  bundles  commonly  occur  in  addition.  The  vascular 
bundles  are  more  rarely  irregularly  arranged  in  transverse  section  {Ferula 
seseloides,  C.  A.  Mey.,  according  to  Drude).  The  ring  of  vascular  bundles 
shows  very  varied  mfferentiation  *,  especially  in  the  herbaceous  species.  The 
bundles  often  vary  in  size.  In  some  cases  they  are  isolated  and  separated 
from  one  another  by  ground-tissue.  In  other  instances  all  or  some  of  the 
xylem-(X)rtions  of  the  vascular  bundles  are  fused  with  one  another  by  means 
of  interfascicular  Ubriform  tissue.  In  a  third  series  of  cases  the  entire  vascular 
bundles  or  only  their  outer  (wood-  and  bast-)  portions  are  embedded  in  a  fibrous 
sheath,  which  is  formed  by  interfascicular  and  pericycUc  sclerenchyma.  Peri- 
cyclic  hard  bast  is  also  not  rare  in  the  other  cases  mentioned,  and  is  developed 
to  a  varied  extent.  The  xylem-ring  of  the  woody  species  (such  as  Xanihosia 
hirsuia,  DC.,  Heieromorpha  arhorescens^  Cham,  et  bchlecht.  and  Bupleurum 
frutkosum,  L.)  is  formed  by  vessels,  wood-prosenchyma  and  narrow,  uniseriate 
or  hiseriate  secondary  medullary  rays.  The  vessels  in  the  species  named 
mostly  have  simple  perforations  ;  in  Xanihosia  hirsuta  scalariform  perforations 
with  few  bars  are  found  as  well.  Scalariform  perforations  have  also  been  met 
with  accompanying  the  simple  perforations  in  species  of  Aethusa,  Bupleurum^ 
(arum.  HydrocotyU^  Oenanthe  and  Peucedanum  by  Noenen.  In  contact  with 
purencliyma  of  the  medullary  rays  the  vessels  bear  simple  (Heieromorpha)  or  bor- 
dered pits  (Xanihosia,  Bupleurum).  In  the  herbaceous  species  and  in  rhizomes 
tho  walls  of  the  vessek  are  commonly  occupied  by  simple  pits  only.  The 
wood-prosenchyma  has  simple  pits ;  Xanihosia  and  other  genera  oossess 
I)rosenchyma  with  bordered  pits  as  well.    The  above-mentioned  medullaiy 

'  The  incorrrct  iUtemf nt  made  by  Noenen  thnt  a  two-Uyercd  endodennit  occnis  in  a  plant 
(Wftcritjeil  n%  Afulinum  ferota  (for  Mulinum  Frag^sa  f),  is  ptobablj  to  be  traced  to  the  commence- 
ment of  II  deTclopmcnt  of  oorkf  titaoe  in  the  pericycle. 

'  For  details  sec  Dnule,  Noenen,  etc 
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vascular  bundles  have  been  met  with  in  the  stem  of  a  number  of  Umbellitadt. 
but  only  constitute  a  specific  peculiarity. 

The  species  in  which  the  various  observers  (Jochmann,  Reichardt,  M6bius,  Cour 
chet,  G^neau  de  Lamarli^re,  Noenen,  Drude)  have  found  medullary  vascular  bundk^ 
are  as  follows  :  Cachrys  crispa,  Pers.  and  C.  laevigata^  Lam. ;  Cenoiophium  Fiuken. 
Koch ;  Crithmum  maritimumt  L.  ;  Eryngium  Lassauxii^  Decne.  (Rhiz.) ;  FentU 
campestris,  F.  communis,  L.,  F.  Ferulago,  L.,  F.  glauca,  L.»  F.  granaUnsis,  F.  nuii 
catuis,  Spreng.,  and  F.  seseloideSy  C.  A.  Mey. ;  Laserpitium  mpinum,  L.  aspenm. 
Crtz.,  L.  latifolium,  L.,  L.  Nestleri,  S.  W.,  and  L.  Siler,  L. ;  Oenanihs  anomala.  Dm. 
et  Coss.,  O.  crocata,  L.,  O.  globtUosa,  and  O.  pimpinelMdes,  L. ;  Opopanax  Chirtmium. 
Koch ;  Peticedanum  heterophyUum,  Vis.,  P.  officinale^  P.  Oreosslinum^  Mch..  and 
P.  parisiense,  DC. ;  Pimpinelia  Anisum  ;  SUaus  prat&nsis^  Bess. ;  Stum  ioH folium, 
L. ;  Thapsia  villosa,  L.  The  number,  arrangement,  and  differentiation  of  the 
medullary  vascular  bundles  vary  greatly.  Their  number,  for  example,  amounts  to 
as  much  as  loo  in  Ferula  communis  (Reichardt),  but  is  reduced  to  one  in  Cenolopktum 
Fischeri  or  Laserpitium  altnnum  (Noenen).  In  a  transverM  section  the  medulUn 
vascular  bundles  either  exhibit  an  irregularly  scattered  arrangement  (for  details  set 
Noenen)  which  may  be  confined  to  them  (e.  g.  in  Laserpitium  laHfolium)  or  may  abo  ex- 
tend to  the  peripheral  bundles  (e.  g.  in  Ferula  seseloiaes),  or  the  greater  number  of  the 
medullary  bundles  forms  an  inner  rin§[,  the  bundles  of  which  may  be  normally  {t.^ 
in  Silaus  pratensis)  or  inversely  (e.g.  in  species  of  Oenantke)  orientated  with  regard 
to  the  position  of  wood  and  bast ;  in  the  second  case  additional  meduSan* 
bundles  frequently  occur  in  the  interior  of  the  pith  or  between  the  rings.  In  Sium 
latifolium  the  arrangement  is  especially  noteworthy,  for  here  the  xylem-portions  o: 
the  inner,  inversely  orientated,  medullary  ring  of  bundles  are  fused  with  the  x\-leQ- 
portions  of  the  normal  peripheral  ring  (G^neau  de  Lunarii^re).  The  appeaiaact 
of  the  transverse  section  of  Oenanthe  crocata  (Fig.  96),  O.  globulosa^  and  O.  pimptne: 
loides  should  also  be  noted ;  here  three  medullary  vascular  bundles  occasioiull\ 
replace  a  single  one  and  correspond  to  each  of  the  lar^  bundles  of  tbr 
peripheral  rin^,  the  xylem-portions  of  the  medullary  bundles  being  directed  towanl> 
that  of  the  peripheral  bundle,  and  the  four  tojg^ether  forming  a  cross.  Those  medulLin 
vascular  bundles  which  are  arranged  in  a  nng  have  collateral  structure,  as  mav  bt 
gathered  from  what  has  already  been  said  ;  those  which  are  irregularly  arranged, 
commonly  have  concentric  structure  (with  central  phloem)  or  apparently  bicc^tml 
structure  (by  fusion  of  the  contiguous  xylem-portions  of  two  bunoles)  like  thr 
medullary  vascular  bundles  of  the  petiole.  With  respect  to  the  nature  of  thr 
medullary  bundles  it  may  be  remarked  that,  according  to  investintions  by  J.  K. 
Weiss  on  Silaus  pratensis,  and  contrary  to  the  okder  statements  of  Jochmann  and 
Rdchardt,  all  these  bundles  ought  probably  to  be  regarded  not  as  cauUne  but  as 
continuations  of  vascular  bundles  of  tne  peripheral  ring  in  higher  intemodes. 

In  addition  to  the  medullary  vascular  bundles  two  other  anonakMS 
structtiral  features  of  the  stem  have  been  observed  in  this  Order,  vix.  corticil 
vascular  bundles  and  the  appearance  of  an  extralbscicular  vascular  nn^:. 
According  to  M5bius,  the  cortical  bundles  are  found  in  the  axis  of  the  infk>rv^  - 
ence  in  some  species  of  Eryngium  with  a  Monocotyledonous  habit,  buch  ^i^ 
E.  Decaisneanum,  Urb.,  E,  paniculatum^  Delar.,  and  E,  Serra,  Schlecht..  ami 
according  to  Noenen  in  Siler  irilobum  and  in  Mulinum,  In  the  specie>  o! 
Eryngium  the  cortical  bundles  form  a  contracted  \'ascular  system,  whKh 
originates  by  the  fusion  of  several  vascular  bundles,  arranged  in  a  ring ;  the> 
thus  to  some  extent  recall  the  well-known  anomalous  structures  in  certair 
Sapindaceous  stems.  The  development  of  an  extrafasdcolar  cambial  xw^ 
has  been  observed  by  Mobius  in  Eryngium  Lassauxiu  Decne.  and  E.  SerrM. 
Cham,  et  Schlecht.;  externally  it  produces  bast*like  tissue,  internally  xyhrv. 
with  vessels. 

With  regard  to  the  pith  it  may  once  more  be  pointed  out  that  in  mosT 
members  of  the  Order  this  tissue  disappears  in  the  intemode  with  the  ezoeptioii 
of  a  peripheral  portion.  It  is  rarely  persistent  (species  of  Conmmirmm^  EtFympum, 
Ferula,  Laserpitium^  Sison,  and  Stum),  but  this  ocean  both  in  necks  with 
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medullary   vascular   bundles  (Laserpitium)   as   also   in  those  without  them 

(Hryngium). 

4.  Structure  of  the  Root.  The  dis- 
tribution of  the  rcsin-canals  in  the  root  of  the 
UmbcUifcrae  and  the  consequent  peculiar 
mode  of  origin  of  the  lateral  roots  have 
already  been  mentioned  above  in  the  general 
discussion  of  the  resin-canals.  It  only  re- 
mains now  to  discuss  some  cases  of  anoma- 
lous root-struoture  occurring  in  the  Order. 
Most  important  of  these  is  the  structure  of 
the  napiform  adventitious  roots  of  some 
species  of  Oenanthe,  which  has  repeatedly 
formed  the  subject  of  discussion  by  Be- 
huneck.  Courchet  and  G^ncau  de  Lamarh^re. 
The  anomaly  is  most  fully  developed  in 
Oenanihe  croceUa,  L.,  where  it  has  been  in- 
vestigated developmentally  by  Behuneck* 
A  transverse  section  through  a  mature  root 
of  O.  cfocata  shows  numerous  concentric 
vascular  bundles  (with  central  xylem),  which 
arc  arranged  in  2  or  3  concentric  rings.  If 
the  young  root  of  this  plant  is  examined, 
normal  root -structure  is  found;  viz.  around  the 
pith  there  are  5-14  groups  of  vessels,  about 
equidistant  from  one  another  and  centripetal 
in  their  development,  and  between  them  a 
corresjx)nding  number  of  groups  of  soft  bast 
occur.  Soon,  however,  each  group  of  vessels 
bcconu'^  surrounded  by  an  envelope  of  many- 
Liycred  cambial  tissue,  which  on  its  inner 
side  forms  a  few  new  vessels  and  prosenchy- 
matous  cells,  subsequently  liffnified,  and  on 
Its  outer  side  produces  a  considerable  amount 
of  parenchymatous  tissue  ;  in  this  way  the 
so-calk^  concentric  vascular  bundles  arise. 
When  the  first  ring  of  concentric  vascular 
bundles  is  complete,  a  second  ring  consisting  Covrchet 
of  groups  of  vessels  is  developed  internally ; 
these  are  entirely  separate  from  the  bundles, 
and  from  them  a  second  ring  of  concentric 
strands  originates ;  still  further  to  the  interior 
new  grou|)s  of  vessels  arise,  and  from  these 
ooncentric  bundles  arc  again  formed.  As  a 
consequence  of  this  successive  mode  of  de- 
velopment the  bundles  of  the  outermost  ring 
are  most  strongly  differentiated.  According 
to  Courchet,  Oenanihe  giolmlosa  (Fig.  97)  has 
a  structure  similar  to  that  of  O.  crocata, 
( )ther  sjxxies,  such  as  O.  fisiuiosa^  L.,  O.  siiai- 
folia,  Hieb.,  and  also,  according  to  Courchet, 
O,  pxmpineUoidea,  likewise  exhibit  concen- 
iru  strands,  but  only  produce  one  ring, 
consisting  of  a  few  bundles ;  their  develop 
incnt  IS  analogous  to  that  occurring  in 
().  ctocata.  Similar  structural  features  to 
those    found    in    the    species    of   Oenanihe         p,^,  Tnu»vr«e  »cti«i  ti.roiHC«i  iw 

named   have  also  been  observed  by  G^eau      mtMmmkmdy  coiMtnicted  root  ot  OemmmiA^  gUbm 

dc  I^iniarhcre  in  numerous  other  members  *TJii*iC3i2' "'^  ***  h*i»be«  kft  wWte>. 
of  the  Order  {Anihrisc%is  syivesiris,  Angeiica     -^^'«' ^'«*"*«*- 

syivestrts,  Apium  gwaveoUns,  Cmntm  %mticiUatum,  Chaerophylium  bulbosum^  Ciculm 
vtfosa,  Dattcus  Caroia,  Sinm  ioHfoiium).  Another  anomaly  occasionallv,  but  not 
always,  ap|)ears  in  older  roots  of  Myrrkis  odaratm,  according  to  Tr6cuL    Its  charac- 


Fig.  96.  Portioa  of  a  tnamrtnt  •ncti«ici 
throofh  the  alcm  of  Otmsmikt  grtemM,  tkam-iug 
a  normal  vaacalar  baadle  of  the  piriplicral  wptiem 
with  tke  corrcapoiKitof  nedaUary  l»adles.^Afiar 
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tcristic  feature  consists  in  the  appearance  of  accessory  meristematic  rings  in  thf 
secondary  xylcm  of  the  root  and  the  development  of  inversely  orientated  rini^  ct 
bundles  or  of  bast  from  these  secondary  meristems  (for  details  on  this  point  s«e 
Trccul  and  the  abstract  in  De  Bary,  p.  624). 

Literature  :  Jochmann,  Umbellifer.  struct,  etc.,  VratisUviae,  1854,  a6  pp.  and  3  Tabu^Reichir^*. 
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ARALIACEAE. 

r.  Review  of  the  Anatomical  Features.  Schuogenous  secreior>" 
canals,  which  occur  in  the  pith  and  throughout  the  cortex  of  the  axis,  but 
are  confined  to  the  veins  in  the  leaf,  are  common  to  all  the  members  ot  tbf 
Order.  It  is  noteworthy  that  the  resin-canals  of  the  root  are  generadly  situated 
()])I)osite  the  groups  of  both  primary  .\ylem  and  primary  bast  of  the  fihro- 
vascular  system,  and  as  a  consequence  an  exceptional  disfdacement  of  the  youii^ 
lateral  roots  takes  place.  A  stomatal  type  characteristic  of  aU  the  membrrii 
of  the  Order  is  not  present.  The  wood  contains  (a)  vessels  with  perforatioB.s. 
which  are  simple  and  elliptical  or  scalariform  with  few  bars,  uia  (6)  simple* 
pitted  wood-prosenchyma«  which  is  occasionally  septate;  the  vesaeb^  where 
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they  are  in  contact  with  parenchyma,  possess  larse  simple  pits  with  transi- 
tions to  bordered  pits.  The  development  of  corx  takes  place  superficisdly 
in  the  few  cases  investigated.  Oxalate  of  lime  is  excreted  especially  in  the 
form  of  clustered  crystals,  rarely  of  solitary  crystals.  Gelatinization  of  the 
epidermis  of  the  leaf  has  not  been  observed.  As  special  secretory  elements, 
in  addition  to  the  canals  mentioned  above,  only  schizogenous  secretory  cavities 
are  found  ;  the  latter  characterize  the  genus  GiliberHa,  and  conmionly  give 
rise  to  transparent  dots  in  the  leaf.  The  hairy  covering  (Fig.  98)  varies,  and 
includes  the  following  types  :  shaggy  hairs,  consisting  of  several  rows  of  cells, 
and  in  some  cases  having  a  glandular  function  {Acantkopanax^  Aralia^  Eteu- 
tMerococctis^  Faisia^  Panax^  Pentabanax,  Schefflera) ;  uniseriate  glandular  hairs, 
which  are  rare  (Faisia) ;  tufted  hairs  (Brassaia^  HeptafUurum^  Trevesia) ; 
stellate  hairs  with  unicellular  rays  {Astrotricha^  Fatsia,  aedera,  Oreopanax) ; 
stellate  hairs  with  uniseriate  rays  (Brassaiapsis^  HeptapUurum) ;  peltate  hairs 
(Hedera) ;  finally  two-armed  hairs  with  a  uniseriate  stalk  (Didymopanax  and 
Sciadophylium),  A  number  of  anatomical  features  in  the  leaf -structure  are  im* 
portant  in  specific  diagnosis,  viz. :  formation  of  papillae  on  the  lower  epidermis 
of  the  leaf ;  development  of  hypoderm  on  the  upper  side  of  the  leaf ;  struc- 
tural  features  of  the  cuticle,  such  as  cuticular  ridges  ;  occurrence  of  arm- 
palisade  parenchyma,  &c.  The  occurrence  of  medullary  vascular  bundles 
is  characteristic  of  certain  species  of  Aralia  and  Arikrophyllum :  these  bundles 
are  mostly  arranged  in  a  ring ;  they  have  collateral  structure  and  are  inversely 
orientated  with  regard  to  the  position  of  their  wood  and  bast. 

2.  Stricture  of  the  Leaf.  Regarding  the  leaf-structure  of  the  Aralia- 
ceae  no  observations  have  so  far  been  published.  The  following  account  is 
based  on  unpublished  investigations  by  Eh*.  O.  Bachmann  ',  which  were  under- 
taken at  an  earlier  date  in  the  botanical  laboratory  of  the  university  of  Munich, 
and  on  an  examination  of  his  preparations. 

The  leaves  of  the  Araliaceae,  as  far  as  they  have  been  investigated,  show 
bifacial  stnicture  throughout.  The  palisade- tissue  usually  consists  of  long  cells, 
rarely  of  short  cells  ;  the  spongy  tissue  is  loose.  Arm-palisade  parenchyma 
differentiated  in  a  well-marked  manner  is  present  in  species  of  AcanihapanaXt 
Gilibertia^  and  Cussonia,  The  stomata  are  always  found  on  the  lower  side  of  the 
leaf  only.  There  is  no  type  of  stoma  common  to  all  the  members  of  the 
Order,  although  special  subsidiary  cells  sometimes  accompany  the  guard-cells  ; 
but  this  feature  on  the  whole  is  only  of  s))ecific  value.  In  Acanthopanax  innovans, 

*  The  following  tpedet  were  examined  :  ArtUia  armiUa,  Seem..  A.  (tmiuens,  Sieb.  ct  Zooc., 
A.  imiifomua,  Nott..  A.  ckitunsis,  L..  A,(itsif9iia,  GrifT^  A.  dasypkyUa^  Miq.,  A,  eduiis^  Sieb.  et 
Zocc.,  A.Mi^0Ui,  Seem.,  A,  kffoinKa,  Pretl.,  A,  Imeitvirems,  (Jajr,  A,  ttuJuam/is,  U,  A,  /VrW#- 
pmitng,  Iknth..  A.  rarrm^sa,  L..  A.  s^'m^sa,  l«,  A.  Th^ms^mi,  Seem.;  Peniafamoji  Les€lunmultii^ 
Seem.,  P.  ratem»smm,  Srem..  /'.  swhttrrdalum^  Serm. ;  Acamth&pamms  atmiioium^  Seem.,  A.  dtvmH' 
fo/mm,  Sieb.  et  Zocc..  A.  imnm^ans,  Krmnclu  e!  .Sar.,  A.  ffmtmpkylhtm^  March.,  A,  sessiiijifrmm. 
Seem..  A.  stjntsum,  Miq. ;  Astroiruka/itfia,  DC..  A,  Udif^iia,  DC. ;  Faisia  kmrrUm  .Sm,),  Btnlh. 
ct  Hook.,  h.japomuA^  Decne.  et  IManch..  h\  ffyriftra^  lienth.  et  Hook.;  /Vmat  mrh^remm.  Font., 
/'.  tUcani,  F.  v.  Mull..  /*.  quim^ftufahum,  L.,  /*.  rtptm,  Maxim.,  /*.  samhmiMum,  Sieb..  /*.  fri- 
/•:tum,  I-. ;  Didym0fmma%  ienj^tpttiolaium^  March..  D.  mofwctarpum^  5teem..  h.  Mtrptwtmti^  Decne. 
ft  I'lanch..  />.  S^rmeammm.  Seem..  D.  valdiwiente.  Hail!..  /).  Hm^smm,  March. ;  SfkejfUrm  Jigitaim, 
Font. :  SAtad^pkytium  Hrtrnmit,  .Sprtag.,  .S*.  /a^remu.  Mart,  et  Zocc. ;  Eieuiherwcfau  senik^smt^ 
Maxim. ;  IHeudifanax  iraut/^iium,  Kocli;  iiipimpleuimm  ahjrssimumm,  Heoth.et  Hoolc..  tf.ar^ma* 
tu  mm,  Iknth.  ct  Hook..  //.  i^rpna-iyh^,  Henth.  et  Hook..  H.  elaium,  Clarke,  vr,  Crij/Ukii.  Clarke. 
H.  glamum,  (  larke,  //.  hitercpkytlum ,  Seem..  H.  Kkaiiamum,  Oarke,  H.  nuem^mm,  Bedd..  /f. 
rwjfra/ttm.  liedd..  //.  ste.'t'atum.  (*aenn..  //.  vtmmi0sum.  Seem. ;  GiHhtrtiafUfHcim,  March..  G  /mmn* 
/•iim,  March..  C  rtsim^tm,  March. ;   Tirtvtna  pmltmmtm.  Via. ;  Cmssmia  ifkmlm,  Thsnb.,  C.  tkyrtv 


Jl0ra,  Thon^i.  ;  /feirr^fmmmxfragrmns.  Seem. ;  firtusaUf'iu  CrijfUkti,  Clarke.  A  ritmif^im.  Seem. ; 
Arikr0phy:iMm  iavmmtmm.  III.  ;  l^mh^pOMOjc  mri^remm,  Decne.  et  l*la»ch.,  /).  /s^mumm.  Seem.. 
/).  ftmJm/ttm,  I>ecne.  et  Ilanch..  />.  tamtydutfriimm,  March. ;  BrmsuHm  taPiisM,  Clarke;  Htdirm 
r#/.  it.  a.  Koch.  //.  //#/tjr.  U ;  Ort^fmrnoM  fa^imtmm,  DecM.  ct  Plasch.,  d.  MmMfmse,  Decne.  et 
Ftanch. ;  M*cr9fmmmx  ^rttfkilmm,  Miq..  M,  mtmhUatmm,  Seem. 
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for  example,  subsidiary  cells  are  present,  and  are  placed  parallel  to  the  |x^rr 
as  in  the  Rubiaceae,  but  this  is  not  the  case  in  AcanOu>panax  aculeatum  and 
other  species.  In  Didymopanax  macrocarpum^  D.  Moroioioni^  D.  vinosum, 
and  in  part  also  in  D,  longepetiolaium  subsidiary  cells  parallel  to  the  pore  art 
likewise  present,  but  not  in  D.  Spmceanum.  In  the  same  way  it  is  only  ir 
certain  species  of  Brassaiopsis  and  Gilibertia  that  the  guard-ceUs  are  wedged 
in  between  three  subsidiary  cells.  The  epidermis  of  the  leaf  affords  man\ 
characters  for  specific  diagnosis.  The  thickness  of  the  outer  and  lateral  u-aD> 
of  the  epidemial  cells  often  varies  greatly,  as  also  does  the  outline  «>! 
the  lateral  walls.  The  differentiation  of  the  cuticle  is  also  of  value  for  specifi' 
diagnosis.  It  may  be  mentioned  here  in  iUustration  of  this  point  that  in  th' 
epidermis  on  the  lower  side  of  the  leaf  of  SdadofhyUum  Brownii  the  cuticl' 
has  torose  thickenings,  that  the  guard-cells  of  Heptafleumm  siettaium  and 
H,  venulosum  exhibit  cuticular  ridges,  and  that  H.  glaucum  shows  serrated 
cuticular  crests  of  considerable  size,  on  the  lower  side  of  the  leaf :  ti< 
this  feature  the  glaucous  appearance  of  the  lower  leaf-surface  in  th^^ 
latter  species  is  due.  In  Panax  arboreum  thin  vertical  walls  are  found  in 
the  epidermis  of  the  upper  side  of  the  leaf.  Other  features,  characteristic  i.i 
certain  species,  are  the  occurrence  of  hypoderm  beneath  the  upper  epidermic 
and  the  formation  of  papillae  on  the  lower  epidermis.  Hypoderm  varyu^ 
in  its  degree  of  differentiation  is  found  in  the  following  speaes  :  PentapamMx 
LeschenauUii  (locally),  P,  raccmosum ;  Panax  arboreum  (locally),  P.  eUgans . 
Didymopanax  macrocarpum  (two-layered,  undulated  and  sderenchymatoos). 
D.  Aforoiotoni,  D,  Spruceanum^  D.  vinosum  ;  SciadophyUum  Brownii^  S.  japu- 
rense  ;  Pseudopanax  crassifolium  (two-layered,  collenchymatous) ;  Hepiapleurum 
abyssinicum^  H,  corona-sylvae  (one-layered  and  composed  of  enormous  cells). 
H,  heterophyllum,  H.  Khasianum^  H.  raccmosum^  H.  rostratum^  H,  sUUaimm^  H 
venulosum  ;  Cussonia  spicata^  C.  thyrsiflora  ;  ArtiiropkyUum  japomcwn  ;  Dendn- 
panax  pendulum,  D,  samydaefolium  ;  Oreopanax  capiUUum,  With  regard  ic 
the  formation  of  papillae  on  the  lower  side  of  the  leaf,  those  of  Aralia  cisst- 
folia  are  short ;  in  Aralia  canescens^  A,  chinensis,  A.  kypoleuca  and  A.  spinosa. 
on  the  other  hand,  the  ])apillae  are  long,  provided  with  a  small  crown  at 
their  apex,  striated  superficially  and  united  to  one  another  by  cuticular 
ridges,  which  stand  out  at  right  angles  to  the  surface  of  the  leaf.  Gelatiniza- 
tion  of  the  epidermis  of  the  leaf  has  not  been  observed  in  any  member  of  thr 
Order.  The  vascular  bundles  in  the  veins  of  the  leaf  are  sometimes  accom- 
panied by  sclerenchyma,  which  occasionally  forms  a  ring  round  the  vascular 
system ;  in  many  cases,  however,  the  sclerenchyma  is  wanting.  From  a 
systematic  point  of  view  it  is  only  of  spedfic  value. 

Oxalate  of  lime  in  the  leaf  is  chiefly  differentiated  in  the  form  of  dusteretl 
crystals,  which  occur  both  free  in  the  mesoj^yll  and  also  in  the  nound-tissw 
and  bast  of  the  veins,  rarely  (HeptapUvarum  corona'Sylvae  and  H.  eUUmm)  in 
the  epidermis.  The  excretion  of  oxalate  of  lime  in  the  form  of  solitary  cTystai> 
is  not  common,  and  in  the  cases  known  (species  of  Hepupleurum  ana  BrassM- 
opsis)  is  confined  to  the  neighbourhood  of  the  veins  ■. 

As  secretory  organs  schizogenous  secretory  canak  and  secretory  cavitK> 
are  found  in  the  leaf.  The  secretory  canals  are  present  in  all  the  member^ 
of  the  Order.  In  the  leaf  they  are  confined  to  the  veins,  and  never  run  fnrlv 
in  the  mesophyll ;  as  a  rule  they  also  follow  the  finer  branches  of  the  vrjis 
According  to  Trccul,  Panax  Lessonii  and  P.  crassifolium  oonstitate  a  notr 
worthy  exception  to  this,  for  in  these  plants  the  resin-canals  are  only  pfcsmt 
in  the  median  vein  of  the  leaf.     In  the  veins  the  secretory  canals  are  found 


'  At  this  point  wc  inaj  refer  to  the  occnrroice  of  oyHaHoidt,  i^iich  ZiaatnMaa  mm  witk  a 
the  chloroplasts  of  the  epidermis  in  the  petiole  of  jinUim  SiidMii  and  Meium  £Mix. 
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botl)  in  the  bast  of  the  vascular  bundles  and  in  the  ground-tissue.  The  width 
of  the  resin-canals  can  without  doubt  be  employed  in  specific  diamosis.  In 
certain  species  of  the  genus  Aralia^  for  example,  the  resin<anab  situated 
m  the  ground- tissue  of  the  veins  have  very  wide  but  in  others  very  narrow 
lumina.  Secretory  cavities  are  characteristic  of  the  genus  Giliberiia ;  they 
mostly  give  rise  to  distinct  transparent  dots.  Their  origin^  like  that  of  tfaie 
re>in-canals,  is  schizogenous,  and  consequently  they  are   lined  with  a  one- 


1  i>..  i^    Hain  of  aoMT  ArAlMC<a<> .  A.  SkAffT  iMir  of  ArmUm  mdi/0mka,  Matt.    «.  c  /tahm  /M£r.  L. 
<>iT«itrdbAiruMl(C)MMUacafe4ikrtncko«ie.    o.  9ur  like  trickMM  of  TrvMil^ /«Am^  V».-OrifiMd. 

layered  epithelium.  Harms  has  recently  demonstrated  these  secretory  cavities 
m  a  large  number  (eleven)  of  American  species  of  GUibtrtia^  as  iirall  as  in 
(iUibertia  japonica  (Seem.),  Harms,  but  not  in  G.  ProUa  (Benth.)> Harms  (endemic 
in  Hong-Kong).  The  latter  plant,  therefore,  requires  re-examination  in 
relation  to  its  inclusion  in  the  eenus  GiUbtrtim, 

The  hairy  covering  (Fig.  98)  varies.  In  most  cases  the  leaves  are  gla- 
brous  ;  but  in  that  case  a  hairy  covering  b  occasionally  to  be  found  in  the 
doral  region.  The  trichomes  to  be  first  described  are  the  shaggy  hairs 
(in  species  of  Aralia,  Acanikapanax,  Pmiapammx^  Panmx.  Eleuikeiococcus, 
and  in  Faisia  honida).  They  consist,  at  least  in  their  lower  portion,  of 
Nrveral  rows  of  ceUs  ;  they  vary  in  length,  and  may  be  either  pcnnted  or  Uunt. 
In  some  species  of  Aralia  (Artiia  aUifamicm^  Fig.  ^^  A,  A.  edidis^  and  perhaps 
also  in  A.  racsmosa)  these  shaggv  hairs  seem  to  have  a  glandular  function, 
as  IS  indicated  by  the  thin  ytSk  of  the  uppermost  ceDs.  Other  forms  of 
glandular  hairs  ocouring  in  the  Order  are  :  very  short  shaggy  hairs  (Sck€0tgrm 
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digitaia)  and  very  short,  uniseriate,  finger-shaped  glandular  hairs  (F«tfjf 
japonica).  The  genera  Didymopanax  andf  SdaJapk^um  possess  two-armed 
trichomes  with  a  uniseriate  stalk,  composed  of  short  cells,  and  a  terminal  ceD 
with  equal  arms,  which  is  either  thickened  uniformly  on  all  sides  {Didymih 
panax  macrocarpum)  or  only  on  the  side  of  the  wall  adjoining  the  leaf-surface 
(D,  longepetiolatum).  Tufted  hairs  composed  of  unicellolar,  thin-walled 
trichomes  have  been  met  with  in  the  floral  region  of  species  of  Hepiapleunm 
and  Brassaia  capiiata  ;  tufted  or  stellate  hairs  with  a  uniseriate  or  multiseriate 
stalk  and  unicellular  rays  occur  in  Astrotricha^  Faisia  papynfera^  Hedertt 
Helix  (Fig.  98,  B),  and  Qreopanax  xalapense ;  peltate  hairs  are  found  in  the 
genus  Hedera.  In  Hcdera  Helix  (Fig.  98,  C)  the  shield  of  these  hairs  is  com- 
posed of  thick-walled  ray-cells,  which  almost  meet  at  the  centre  of  the  disc ; 
in  Hedera  colckica  it  is  formed  of  thin-walled  ray-cells,  which  almt  on  one 
another  along  a  median  line  and  form  conical  elevations  at  the  centre  of  the 
shield.  A  special  type  of  stellate  hair  with  thin  walls  and  uniseriate  rays 
(Fig.  98,  D)  is  found  in  the  floral  r^on  of  Heptapkurwn  elatum  and  BrmssMi' 
opsis  GriffUhii^  and  on  the  leaf  of  frevesia.  Ordinary  unicellular  hairs  have 
not  been  observed  in  this  Order ;  on  the  other  hand,  uniseriate  trichomes, 
which  have  thin  walls  and  are  occasionally  sUghtly  branched,  are  foond  in 
Cussonia  ihyrsiflora. 

The  petiole  has  been  examined  by  Petit  and  PUtt  in  species  of  AudiM^ 
Faisia^  Hedera^  HeptapUurum^  Meryta  and  Panax.  The  vascular  bandies 
of  the  petiole  are  mostly  isolated  or  their  bast-portions  only  are  united ;  the 
number  of  the  vascular  bundles  varies.  Aralia  sfnnosa^  Hepiapleurum  {Pmra* 
tropia)  venulosum.  Seem,  and  Meryta  (Botryodendron)  macrapkylU^  Seem. 
possess  two  rings  of  bundles  in  the  characteristic  region  ('  caract^nstiqae ') ; 
the  vascular  bundles  of  the  outer  ring  are  normally  orientated  with  regard 
to  the  position  of  w<)od  and  bast,  and  are  alternately  of  large  or  small  siise, 
those  of  the  inner  ring  being  inversely  orientated  and  placed  opposite  to  the 
smaller  bundles  of  the  outer  ring.  Fatsia  harrida  also  has  two  rin^  of  vascolar 
bundles  in  the  petiole,  but  in  both  the  bundles  are  normally  orientated.  A 
woody  species  of  Hedera,  of  which  Petit  does  not  give  the  specific  name,  may 
also  be  mentioned,  because  its  petiole  exhibits,  in  the  characteristic  region, 
an  arc  of  isolated  vascular  bundles  and  an  upper  ring  of  wood  and  bast. 

The  occurrence  of  cork- warts  on  the  petiole  of  Aralia  papyrifera  and 
A.  Sieboldii  may  be  noted  (Borzi). 

3.  Structure  OF  THE  Axis.  Most  investigations  deahng  with  the  stmctnre 
of  the  axis  in  the  Araliaceae  have  had  in  view  the  demonstration  and  arrange- 
ment of  the  secretory  canals ;  these  canals  are  present  in  all  the  members 
of  the  Order,  and  are  filled  with  oily  and  resinous,  gummy,  or  occasionally 
milky  contents.  For  the  purposes  of  this  book  it  must  sdfice  to  mention 
that  the  development  of  the  canals  takes  place  schixogenously,  and  that  they 
are  met  with  in  all  parts  of  the  cortex  *  (both  in  the  bast  and  primary  cortex)^ 
and  often  also  in  the  pith  *.  In  connexion  with  this  point  refeienoe  may  be 
made  to  the  position  of  the  secretory  canals  in  the  roots ;  according  to  Van 
Tieghem  they  are  formed  in  the  pericambium  opposite  the  middle  of  t^  xyknh 
groups  of  the  fibro- vascular  system,  but  in  adoition  to  these  supravasal  cttDak 
a  secretory  canal  may  also  arise  in  the  pericambium  opposite  each  phloem- 

'  Accordiog  to  Tr^cnl  the  rean-cmnAls  of  the  bait  aod  ontcr  cortex  in  Btmirwfia  wmtr^pigfiia 
exhibit  an  ondnUted  coone  in  the  radial  ditcctioo  oombiacd  with  anartoioaefc 

*  Medullary  retin-canals  aie  found  aooording  to  Ti^cnl :  in  Armlia  mbUis  and  A.  Wfrrwa— 
tcred  in  the  piUi,  in  A,  ckimtnsis  in  the  peripbcnr  and  in  imall  nnmbert  in  the  interior  of  tW  ; 
in  A,  spin0smy  CujsmUa  /Ayrst/Urm^  Jfitdtrm  J/Mr,  Pamax  Ltsmmii  and  Pawwhwpm  wmt$ 
solely  io  the  periohery  of  the  pith.    Fmisim  k^rridm,  Bcnth.  et  Hook,  and  AraUapmitipkfUm^  \ 
00  the  other  hand,  haTe  no  mcdoUary  iciin-canalfl. 
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group.  The  exceptional  displacement  of  the  j^ung  lateral  roots  is  a  conse- 
quence of  this  arransement ;  they  arise  in  each  interspace  between  a  supravasal 
canal  and  the  neighbouring  secretory  canal,  opposite  the  phloem,  i.e.  thev 
are  produced  in  double  the  usual  number.  (Regarding  the  secretory  canals 
of  the  veins  of  the  leaf,  see  above ;  regarding  those  of  the  petiole,  see  Tr6cul 
and  K.  Miiller.) 

Another  anatomical  feature  of  the  axis  has  repeatedly  formed  the  subject 
of  investigation  (by  Tr&ul,  Cedervall,  and  J.  E.  Weiss),  vix.  the  occurrence 
of  medullary  vascular  bundles.  These  have  been  observed  in  the  following 
species :  by  Trdctil,  in  Aralia  edulis  and  A,  racemosa ;  by  Sanio,  in  Aralia  rau* 
mosa  and  A.  japonica;  by  Cedervall,  in  Aralia  edulis^  A,  hispida.  A,  Undica^* 
A,  ' kaschanirica^*  A.  nttdicaulis ;  by  Van  Tiechem,  in  Arthrobhyllttm^  diversi" 
folium  and  A,  MifHcum,  The  absence  of  medullary  bundles  nas  been  demon* 
strated  in  :  Aralia  crassifalim^  A.  dasyphylla^  A.  palnuUa^  A.  papyrifera^  A, 
pentaphylla^  A,  Sieboldii^  A.  spinosa,  and  A.  ufnbraculifera  ;  Cussonia  thyrsi* 
flora  ;  DifnarphafUhus  mandskuricus  ;  Fatsia  horrida  ;  Hedera  Helix  ;  Macr<h 
Panax  oreapkilum  ;  Panax  dendroides^  P.  fragrans^  P,  fruHcosum  and  P.  Les- 
sonii  ;  Paratropia  macrathylla  and  P.  venulosa  ;  Sciadopkyllum  Brownii  (see 
Tr6cul,  Sanio,  Odervall,  Solereder,  loc.  dt.).  The  medullary  bundles  are 
generally  arranged  in  a  ring ;  they  have  collateral  structure  and  are  inversely 
orientated,  i.e.  the  bast  is  directed  towards  the  centre  of  the  pith,  and  the 
xylem  lies  on  the  outside.  In  addition  to  these  vascular  bundles,  which  form 
a  ring,  irregularly  orientated  bundles  are  occasionally  found  in  the  inner  portion 
of  the  pith  {A  ralia  edulis^  A . '  indica  '  and  A .  racemosa).  According  to  CeoervaU, 
these  latter  bundles  exhibit  concentric  differentiation  in  A.  racemosa  and 
A,  '  indica,'  the  phloem  being  situated  in  the  centre.  In  the  case  of  the  medul* 
lary  vascular  bundles  of  Aralia  edulis  and  A,  racemosa,  J.  E.  Weiss  has  shown 
that  they  first  run  as  normal  bundles  in  the  peripheral  ring  and  only  enter 
the  pith  subsequently,  at  the  same  time  undergoing  a  rotation  through  i8o^ 

The  structure  of  the  cortex  has  only  been  examined  in  Panax  sp.,  Aralia 
japonica,  Thunb.,  Hedera  Hdix^  L.,  and  Aralia  pentaphylla^  Thunb.  by  MdUer. 
The  following  are  characteristic  features  of  the  cortex  of  these  {dants,  in 
addition  to  the  occurrence  of  the  secretory  canals,  which  have  already  been 
discussed  :  the  cork-cells  are  sclerosed  on  one  side  only  in  certain  layers  of 
the  periderm ;  stone-cells  are  wanting  in  all  parts  of  the  cortex  ;  of  rare  occur- 
rence (at  least  in  branches  of  the  thickness  of  a  finger)  are :  (i)  short  bast- 
fibres  differentiated  after  the  manner  of  rod-cells,  (3)  chambered  crystal- 
fibres  with  clustered  crystals,  and  (3)  broad  medullary  rays.  The  develop- 
ment of  the  periderm  takes  place  in  the  outermost  cell-layer  of  the  cortex. 

Regarding  the  structure  of  the  wood  the  following  facts  may  be  mentioned, 
based  on  an  investigation  of  Fatsia  horrida^  Benth.  et  Hook.,  Hedera 
Helix,  L.  and  Aralia  penlapkylla^  Thunb.,  and  more  recently  of  GiliberUa 
cuneata,  March.  The  transverse  section  of  the  wood  usuaUy  shows  broad 
medullary  rays,  which  may  be  as  much  as  five  cells  in  breadth,  and  become 
still  broader  in  the  later  growth  of  the  wood  in  Hedera  Helix,  and  vessels  which 
vary  in  their  arrangement  and  in  the  width  of  their  lumina  (the  latter  in  Hedera 
Helix  \%ith  a  diameter  of  -035  mm.).  The  perforations  of  the  vessels  are  mostly 
simple  and  elliptical ;  their  elongated  eUiptical  shape  in  Hedera  and  Aralia. 
however,  as  well  as  the  occurrence  of  a   few  bars  in  GiliberUa  and  Fatsia. 

■  The  ocaingDcc  of  mtchUUnr  bMdki  h  Atlkr^pkyUmm,  toggChcr  whk  the  ptctanoe  of  Mcrctory 
cmaaU  in  this  gcsnt,  b  reganfed  by  Vaa  TUgftKoi  aad  Seftocmi  ••  rrlilwMt  for  Um  laelMMi  \m 
the  ArmliaoMC  of  Artkf^fi^iimm,  which  b  plaord  In  the  Coomoom  by  woma  aathoct  (Sccbbm  for 
cuuBpU).  Thret  other  girrt  (ifartiurrft,  CuHisia,  iitlwimgim\  which  •n  ttktnd  to  the 
Aralfoettt  by  lomt,  hot  mm  be  faKhided  in  the  CofMweoe,  wflO  be  ■MHiwiH  in  the  dcteriptfoa 
of  the  Ust-OAiMd  octlcf . 
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indicate  a  transition  to  scalariform  perforation;  the  division-walls  of  the 
segments  of  the  vessels  are  more  or  less  strongly  indined.  Those  waUs  of  the 
vessels  which  abut  on  parenchyma  of  the  medullary  rays  as  a  rule  bear 
large,  simple,  elliptical  pits,  and,  accompanying  the  latter,  transitions  to 
bordered  pits.  The  wood-prosenchyma  has  simple  pits.  In  Hedera  Hda 
and  At  alia  pentaphylla  delicate  division-walls  occasionally  appear  in  the 
wood-prosenchyma,  and  hand  in  hand  with  this  goes  the  occurrence  of  starch. 
The  structure  of  the  pith  has  only  been  examined  in  detail  in  Ardu 
spinosa  by  Mentovich.  In  this  plant  the  pith  is  empty  (*  moelle  inerte '  o? 
Oris),  but  contains  crystal-cells. 


o,  in  Bot.  Zeit.  1864,  p.  336.— Tr^col,  VauMAVX  propres  dans  Ics  A.,  Cam\i 
pp.  886  and  990  et  leq.,  Ann.  tc.  n«t,ifr.  5,  t.  vii,  pp.  M-71,  nad  AdimwiB 
N.  J.  Miiller,  Vert.  d.  Hane  etc.,  Pimsiheim  Jahrb.,  Bd.  ▼,  1866-7,  p.  412 


rend.,  t.  Ixiv,  1867, 

t.  Yu,  pp^ioj-ai.-  _  


— Cedenrall,  Undenokn.  ofver  AralUc  sUm,  Act  Lmid.  air,  1877-8,  33  pp.  and  3  Tab.— C.  it 
Candolle,  Anat.  comp.  d.  fenilles,  M^.  Soc.  phyt.  ct  dliiit.  nat.  de  Geneve,  t.  xzri,  s,  i8;q. 
p.  443.— J.  Moller,  Rindenanat,  1883,  pp.  ai^-is.—J.  E.  Wcte,  Maikit.  GefbmL,  BoL  CcnbalbL 
r883,  iii,  pp.  390-1  and  Tab.  i.— Van  Tiegliem,  Can.  ito&,  Ann.  •&  nat.,  wtt.  7,  L  i,  188$,  pf 
3  2-7  ^^  Bull.  Soc.  bot.  de  France  1884,  pp.  39-33.— Mcntovi^  Pflanal.  Maik,  Klnnacnbof,  lUf 
■bstr.  in  Just  1885,  i,  pp.  788  and  790.— Solereder,  Holatr.  1885,  p.  1^5. — Boni,  Lenticelle  iotlan. 
Malpighia  1886,  p.  334  et  leq — Plitt,  Blattstiel,  Dbt.,  Maibai]^,  1880,  pp.  39-4OL — PMit,  Ptook 
M^m.  Soc  8c  ct  phys.  de  Bordeaux,  s^r.  3,  t.  iii,  1887,  pp.  333-6  and  pL  t.^K.  Mullcr,  niocao. 
Sekretk.  d.  A.  etc.,  Ber.  dentfch.  bot.  Gesellsch.  1888,  pp.  10-33  and  Tab.— Doolioc,  P^ciderv. 


eanx,  s^r.  3,  t.  iii,  1887,  pp.  333-6  and  pL  t.^K.  Mtillcr, 
ch.  bot.  Gesellsch.  1888,  mk  10-33  and  Tab.— Doolioc,  1 
S»>  PP-  369-70.— Lalanne,  realUat  peniiL,  AcL  loe.  Linn. 


s^.  5,  t.  iv,  1890,  p.  31.— Radlkofer,  in  Siti.-Ber.  MOndu  Akad.  1800,  p.  351.— J.  E.  W 
Korkbild.,  Denkschr.  Kegensb.  bot.  Gesellsdi.  1800,  sqiarate  oopv,  p.  m. — Stniabup 
baknen,  Jena,  1891,  pp.  333-9.— Zimmermann,  PMnmielle,  t.  Heft,  180I9  pp.  150-1 
SekretbiM.,  Diss.,  Bern,  1893,  p.  33.— Sertorim,  Anat.  d.  Cotnae.,  Dis^,  flilndWB,  185 


llerbier  Boissier  1893,  pp.  39  and  558^— Ham»,  In  Natilfl.  P8an«enfiiin,»  iU.  Teil,  Ab&.  8, 1894. 
pp.  5,  6.— Harms,  Dnrchs.  P.  in  den  Bl.  gew.  A.,  Allf.  boL  Zcitsohr.  von  Kncockcr,  1895,  n.  6. 
3  pp.— Knhla,  Phelloderm,  Bot.  CentralbL  1897,  iii,  p.  115. 

CORNACEAE. 

I.  Review  of  the  Anatomical  Features.  The  leaves  of  the  Conuceaf 
are  distinguished  by  the  lack  of  characteristic  subsidiary  oeUs  accompany- 
ing the  guard-cells»  whilst  the  axis  is  characterised  by  the  scalarifbnn  per- 
forations of  the  vessels,  which  often  have  numerous  bars ;  the  gmeia  i4lMfWii, 
Marlea  pro  parte  and  ToriceUia  alone  eidiibit  simple  pemntioiis  in  thr 
secondary  wood,  but  scalanform  septa  are  also  to  be  found  in  these  plants  in 
the  neighbourhood  of  the  primary  vessels. 

The  wood  generally  consists  of  (a)  isolated  vessels  with  small  Inmim. 
of  quadrangular  shape  in  transverse  section ;  (ft)  wood-pfosenchynia*  wiikh 
bears  bordered  pits  only  in  Comm^  Goffya^  Cmmpioihecm^  CwrHsiM.  Am'dbi. 
and  Mastixia^  simple  pits  only  (being  at  the  same  time  occasionally  sepCatr  < 
in  Alangium^  Marlea^  Toricdlia  and  HAmngim^  both  simple  andbordemi 
pits  in  Aucuba,  Corokia^  Grisdinia^  and  Nysm;  (c)  a  small  amoont  of  wood- 
parenchyma  ;  and  {d)  medullary  rays  2-5  oeUs  thick*  At  the  oater  limit  of  thr 
bast  isolated  groups  of  bast-fibres,  only  vrantiiig  in  a  few  caaes«  are  geneml>' 
present,  or  in  their  place  a  composite  and  continuous  ring  of  sclegenchyaa 
is  developed  (the  latter  in  the  genera  Curtisim^  GrisdMm^  Nyum^  and  Dgmim) 
Groups  of  secondary  bast-fibres  are  only  found  in  Mmtiimm.  The  devdop- 
ment  of  cork  is  superficial.  Oxalate  of  lime  is  usually  ejttreted  m  the  ioni 
of  clustered  crystals,  but  also  in  that  of  solitary  cqrstals^  and  oocon  as 
crystal-sand  in  the  genera  AucubOp  G^nym^  and  TmaU^  Of  aeuetory 
organs,  cells  filled  with  a  secretion  are  found  in  the  veins  of  tbft  leaf  of  Hym^ 
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whiK'  medullary  secretory  canals  occur  in  Masiixia,  The  hairy  covering 
(Fig.  90)  generally  consists  of  simple  unicellular  hairs  of  varying  length, 
unicellular  hairs  bent  in  the  form  of  a  hook  {MarUa\  unicellular  (Comus^ 
Mastixia)  or  two-celled  (Cofokia)  two-armed  hairs«  and  glandular  hairs  of 
varied  structure  (only  in  Alangium^  Marlea^  Nyssa^  Camptotkeca  and  ToHceUia). 
The  >imple  hairs  are  sometimes  provided  with  verrucose  thickenings ;  the  walls 
of  the  two-armed  hairs  in  some  cases  bear  similar  thickenings  and  are  en- 
minted  \%ith  carbonate  of  Ume. 

Finally,  a  number  of  special  anatomical  features  are  of  importance  in 
N(H^  ific  diagnosis,  e.g. :  formation  of  papillae  on  the  epidermis  of  both  sides 
of  the  leaf ;  occurrence  of  hypoderm  on  the  upper  side  ;  gelatinization  of  the 
epidermis  of  the  leaf ;  spicular  cells  in  the  mesophyll  (Fig.  99,  i4) ;  clustered 
crystals  in  the  epidermis  of  the  leaf ;  special  crystal-idiobfasts  in  the  leaf- 
tissue  ;  si)iral  thickening  of  the  walls  of  the  vessels  ;  bast-fibres  with  yellow 
or  white  walls,  ^c. 

z.  Strixti'RE  of  the  Leaf  *.  The  leaves  as  a  rule  have  bifacial  struc- 
ture. The  }>alisade-tL<;sue  usually  consists  of  a  single  layer  of  cells  ;  the  spongy 
tissue  is  generally  loose.  With  regard  to  the  epULermis  of  the  upper  side  of 
the  leaf  the  following  facts  may  be  pointed  out.  The  cells  are  never  of  any 
roiisulerable  size,  and  they  vary  in  tne  thickness  and  markings  of  their  outer 
walls  (striated,  rarely  granular  thickenings)  and  in  the  form  of  the  lateral 
margins.  In  Helwingia  those  walls  which  are  perpendicular  to  the  leaf -surface 
projei  t  into  the  cell-cavities  in  the  form  of  humps  at  many  points  along  the 
lireumference  of  the  cells.  Formation  of  papillae  has  been  observed  in : 
(rarrya  eUiptica^  Dougl.,  G.  flavescens^  Wats.,  G.  laurifolia^  Benth.,  G.  Lindheimeri^ 
Ton.,  G.  ovata^  Benth.  and  G.  Wrightii^  Torr.,  MarUa  begoniaefolia^  Roxb., 
M .  macrophyUa,  Sieb.  et  Zucc.  and  M.  platanifolia^  Sieb.  et  Zucc.  and  Comus 
cjnaJcfisi'^,  L. :  the  papillae  of  Garrya  Wrigktii  are  soUd,  differing  in  this  respect 
tioni  ttiose  of  the  other  species  ;  they  therefore  appear  as  peg-Uke  thickemngs 
ot  tht^  outer  wall.  Hjrpoderm  is  developed  on  the  upper  side  of  the  leaf  in 
(Mitrrya  buxifolia,  A.  Gray,  C.  MipHca^  Dougl.  and  C.  flavesctns^  Wats.,  Grise- 
linia  jodinifoiia^  Taub.,  G.  liUoralis^  Raoul  and  G.  lucida^  Forst  and  Marlea 
noMis,  Clarke ;  in  the  species  of  Garrya  and  Grisdinia  the  cells  of  the  hypo- 
derm  exceed  those  of  the  epidermis  in  size.  A  tendency  towards  the  forma- 
tion of  a  hypoderm  is  founa  in  Marlea  ebenacea^  Clarke,  where  the  epidermal 
cells,  which  are  elongated  almost  like  a  palisade,  exhibit  transverse  walls, 
more  or  less  parallel  to  the  leaf-surface.  Gelatinisation  of  the  upper 
«'pidermi.s  of  the  leaf  has  been  met  with  in  Comus  excdsa^  H.  B.  K.,  C.  ignaraia^ 
Koch,  r.  mas,  L.  (Walliczek)  and  C.  siricta^  Lam.,  Nyssa  capUala^  Walt, 
.V.  caroiiniana,  Poir.,  N.  muitiflora^  Wang.,  N.  uniflora^  Wang,  aiid  N.  vUlosa^ 
.Mictix.  and  Camptotkeca  acuminata^  Decne.  The  epidermal  cells  on  the  lower 
side  of  the  leaf  show  similar  variations  to  those  of  the  upper  side  in  relation 
to  ttie  marking  on  the  outer  walls,  the  lateral  margins  and  the  formation  of 
{upillae.  Sertorius  states  that  a  ^ht  formation  of  papillae  occurs  in  species 
of  (ritrrva,  Aucuba^  Nyssa^  Taricellia^  and  Comus.  whilst  Garrya  WrtghHu 
Torr.  }K>ssesses  the  same  type  of  soUd  papillae  as  occurs  on  the  upper  side,  and 
many  s^H'cies  of  Comus  *  have  long  papillae,  which  exhibit  a  prominent  longi- 
tudinal striation,  terminate  in  a  jagged  crown,  and  are  united  to  one  another 
by  vertical  cuticular  ridges.  The  stomatm  are  not  accompanied  by  special 
siibsuliai  V  cells,  and  are  in  almost  all  cases  confined  to  the  lower  side  of  the 


'  I  he  foUowini;  dcKripcioo  of  tiM  ftredore  of  the  leaf  um)  udt  is  oMuily  baied  00  the  work  of 
scrtoriu».  who  examined  aboot  70  ipedfet  oi  the  14  feocrm,  which  arc  fcpeatodlj  named  below. 

'  'rhe««  are :— 6\  «/i«,  L.,  C.  iraffy/mim,  C.  A.  Mcy.,  C.  tmlifarmem,  C.  A.  Mejr..  C,  empitafm, 
\\all..  i  .  ir.immmim,  L*HMt,  C.  ^toJCmi,  DC.,  C.  igmmmia,  Kodi,  C.  wmcrifkyiim,  Wa^I., 
t .  0^:cm^a,  Wall.,  c'.  famtemhOm^  L*HMt,  CfmUtems,  NntL,  C\  sMHem^  Loddj. 
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leaf ;  in  Marlea  begoniaefolia  alone  they  are  also  present  on  the  upper  side  in 
the  neighbourhood  of  the  veins. 

In  the  structure  of  the  lai^er  veins  the  following  facts  may  be  noted. 
No  sclerenchyma  is  differentiated  in  them  in  the  genera  Aitcuba^  Cmmpioikecm, 
Daxndia^  Toricellia^  Hdwingia^  Camus  (with  the  exception  of  C  discifiow^ 
DC.,  C.  florida,  L.,  C.  stricta.  Lam.  and  C.  iolucensis^n.  B.  K.),  further  in 
Griselinia  racemosa^  Taub.  and  G.  scandens^  Taub^  Nyssa  arandideniaia^  Hichx.. 
N.  muUiflora,  Wang,  and  Corokia  CoioneasUr,  Raoiu.  Sderenchymatoos 
fibres  with  thick  wdls  and  narrow  lumina  accompany  the  vascular  bundle> 
of  the  larger  veins  in  the  genus  Alan^ium^  in  MarUa  d)etuiicea^  Clarke,  and  3d. 
nobilis^  Ckirke,  in  Corokia  buddleioiaeSf  A.  Cunn.,  and  in  the  genus  Garwym 
In  Mastixia  a  sclerenchymatous  ring  surrounds  the  vascular  system.  In  the 
remaining  genera  (or  species,  as  the  case  may  be),  groups  of  scferenchymatoos 
fibres  with  relatively  wide  lumina  are  generally  present  accompanying  the 
vascular  system.  The  vascular  bundles  of  the  smaller  veins  are  as  a  ruk 
embedded.  Vertically  transcurrent  veins,  i.e.  lateral  veins  of  a  higher  order, 
the  vascular  system  of  which  is  connected  with  the  upper  and  lower  epidermis 
by  usually  thin-walled  tissue,  are  found  in  various  genera,  and  espeScially  in 
all  investigated  species  of  the  genus  Nyssa. 

A  special  anatomical  feature  of  the  leaf-structure  is  the  occurrence  ot 
sclerenchymatous  cells  in  the  meaophyll  (species  of  Garrya^  Griselinia^  and 
Nyssa).  In  Griselinia  lucida^  Forst.  rounded  cells  with  a  wide  lumen  and 
a  sclerosed  and  pitted  wall  are  found  in  the  sponcy  tissue.  Sderenchymatou*^ 
cells,  which  run  freely  in  the  mesophyll  and  are  sometimes  branched, 
occur  in  various  forms  in  some  species  of  Garrya  (G.  buxifolim^  Gray. 
G.  Miptica^  Dougl.,  G.  Fadyenii,  Hook.,  G,  flavescens,  Wats,  var.,  G.  UturifoUa. 
Benth.),  whilst  these  elements  are  replaced  by  slightly  thickened  sclerenchyma- 
cells  in  G.  ovaia,  Benth.  and  G.  Lindheimeri^  Torr.,  and  are  wanting  in  G.  Wrightii, 
Torr.  Finally,  the  spicular  fibres  of  Nyssa  caroliniana^  Poir.  (Fig.  99»  i4). 
N.  mulHflora,  Wang,  and  N.  villosa^  Michx.  (in  N.  caroUniana  giving  rise  tn 
transparent  dots  in  the  leaf)  traverse  the  entire  leaf  perpendiculariy  to  thr 
surface,  are  scarcely  branched,  and  occasionally  penetrate  between  the  epi- 
dermal cells,  sometimes  even  extending  beyond  them  and  producing  elevati<m> 
in  the  cuticle. 

Oxalate  of  lime  is  excreted  in  the  form  of  clustered  crystals,  solitar>* 
crystals,  or  crystal-sand.  The  clustered  crystals  are  by  far  the  most  abundant . 
Those  in  the  mesophyll  are  occasionally  of  considerable  sixe,  as  in  Almnfiwm 
and  Marlea  (M.  begoniaefolia^  Roxb.  and  M.  plaianifolia,  S.  et  Z.),  being 
specially  laige  in  M.  begoniaefolia^  where  they  extend  from  the  epidermis 
on  one  side  to  that  on  the  other  surface,  and  give  rise  to  transparent  dots  in 
the  leaf.  In  many  species  of  Comus  groups  of  3-5  clustered  crystak  are 
situated  beneath  the  palisade-tissue,  a  feature  which  is  readily  observed  cm 
examination  of  bleached  portions  of  the  leaves  of  the  species  in  question. 
In  the  lower  epidermis  of  the  leaf  small  clustered  crystals  have  only  been 
observed  in  Alangium  hexapetalum.  Lam.,  Marlea  nobtlis^  Clarke,  and  Grise- 
linia lucida,  Forst.  The  occurrence  of  soUtary  crystals  in  the  leaf-parenchyma 
(with  the  exception  of  that  in  the  neighbourhood  of  the  veins)  is  comparatively 
rare  (Curiisia^  Camptotkeca^  Davidia^  Marlea  ebenacea^  Clarke) ;  in  Cmtisim 
and  Camptotheca  the  solitary  crystals  attain  especially  large  dimensions.  Accom- 
panying the  vascular  bundles  of  the  veins  we  find  clustered  crystals,  alone  or 
together  with  soUtary  crystals,  but  never  the  latter  only.  A  third  and  specially 
noteworthy  mode  of  excretion  of  oxalate  of  Ume  is  that  of  crystal-sand»  whicn 
is  characteristic  of  the  genera  Aucuba^  Garrya  and  Toricellia^  and  is  found 
m  the  leaf  especially  in  the  neighbourhood  of  the  vascular  bundles  of  tbr 
veins.    Lastly,  we  may  mention  the  fact  that  in  the  genera  TorieMim^  Hel- 
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win^ia^  Carokia  and  in  certain  species  of  Comus^  Matlea  and  Nyssa^  excretion 
of  oxalate  of  lime  does  not  take  place  at  all  in  the  leaf. 

Among  the  secretory  eleinents  one  meets  with  secretory  canals  in  the 
medullary  portion  of  the  larger  veins  of  MasHxia  ;  these  canals  will  be  discussed 
more  fully  in  descnbtnc;  the  structure  of  the  axis.  In  species  of  Nyssa 
secretory  cells,  not  dimrentiated  as  idioblasts,  are  occasionally  found  in 
that  })art  of  the  tissue  of  the  vertically  transcurrent  veins,  which  abuts  on  the 
vascular  bundles.  In  some  species  organised  fat-bodies,  some  of  ^i^ch  are 
doubly  refractive,  occur  in  the  driea  leaf  (species  of  Alangium^  Cornus^ 
Corokia^  and  Garrya), 


Fir,  ,n^  A.  Portton  of  a  trmas>enr  irciioii  of  tW  hftf  ol  ^jussm  CmrtUuimmm,  Poir.  ■,  C,  T«o>anncd  it\r\mmu* 
oi  CWw/M  XmiimUi9\  Amdmh, :  B,  irkHune  witk  rqaal  anM  fro«i  the  mper  mdt  o^lhc  lcal«  c,  a  MBflar  iMir  b«l 
Y  «hApr.|  frani  tbr  Urmrr  mcIp  of  the  Iral.  D  F.  T«o«rl1rd,  two-ansM  trickomo  of  CmntJku :  O,  CWwUt  OfS^ 
m^^sttr.  Kaool ;  E,  F,  C.  kmdtittitidts,  A.  C«o«.:  E,  cmtral  portioa  of  tW  trkkose,  F.  wall  betowco  cIk  tuXk 
A»l  (b**  t»o  anned  trnaiaaJ  cril,  ia  lafffaoe^vicw.  f;.  Hook-iliapcd  iMira  of  Mmrim  ««M/m,  Claris.  M,  I,  Et 
trnial  f Unda    H.  ATjmo  Cmtntiimmmm^  ^lir..  I,  Cmm^toiAtem  Mcmmfmmta^  IXuK.    OrifiaaL 

The  following  three  forms  of  trichomes  (Fi^.  99)  occur  on  the  leaf :  simple, 
unicellular  hairs,  two-armed  hairs  (onlv  in  Camm^  Corokia  and  MmsHxtM) 
and  glandular  hairs  (only  in  Almm^u$9i^  Mortem^  Nyssm^  CmtMoikecm  and  Tort- 
iellia).  Without  going  into  details,  which  can  be  obtainea  from  Sertorius's 
work,  it  may  first  be  pointed  out  that  the  simple  hairs  vary  in  the  thick- 
ne^vs  of  their  walls  and  in  their  length.  For  example,  short  trichomes  are  found 
in  Alanf^ium  gUndtdosum^  Thw.,  whikt  long  ones,  which  are  much  undulated 
and  form  a  dense  felt  on  the  lower  side  of  the  l«d,  occur  in  CwrHsia  and  species 
of  (iarrya.  The  walls  of  the  simple,  unicellular  hairs  are  in  many  cases  {Grist- 
linia,  Syssa^  Cmnpiotkicm  and  Dmvidia)  provided  with  granular,  verrucose 
or  nodular  prominences,  into  which  the  ceU-lumen  occasionally  penetrates. 
A  5}Hx  lal  form  among  the  ordinary  unicellular  trichomes  is  constituted  by 
t  he  hairs  of  the  species  of  MmfUm  (Fig.  99,  C),  which  resemble  an  angler's  hook  ; 
these  hairs  are  in  some  cases  sunk  in  small  pits  on  the  leaf-surface.    Ordinary, 
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uniseriate  hairs  are  almost  entirely  wanting  in  the  Order ;  it  is  only  in  the 
unicellular  trichomes  of  the  floral  region  of  ToriceUia  that  the  formation  of 
a  transverse  wall  has  now  and  then  been  observed.  The  two-anned  hair^ 
are  unicellular  in  Cornus  and  Mastixia ;  in  Camus  (Fig.  09^  B-Q  the  wall 
of  these  hairs  is  encrusted  with  carbonate  of  lime.  The  shape  of  the  two- 
armed  hairs  in  this  genus  varies  (hairs  with  arms  of  equal  or  almost  CQU^l  length ; 
hairs  with  very  unequal  arms  ;  others  in  which  one  arm  is  only  dinerentiated 
as  a  short  spur ;  hairs  with  lyrate  arms :  Y-shaped  hairs ;  one-armed  hairs) ;  these 
characters  may  probably  be  occasionally  employed  for  specific  diagnosis.  The 
two-armed  hairs,  which  form  the  shining  tomentum  on  the  lower  side  of  the 
leaf  in  Corokia  buddUioides,  A.  Cunn.  and  C.  Cotoneaster^  Raoul  (Fi|.  99,  D-F^ 
certainly  consist  of  more  than  a  single  cell,  and  in  this  respect  differ  mm  the  tri- 
chomes of  Cornus  and  Mastixia,  ^rtorius  describes  them  as  two-celled,  one  of 
the  cells  belon^ng  to  the  stalk,  while  A.  Weiss  states  that  he  has  observed  4  or  5 
stalk-cells  in  living  material  of  the  first-named  species.  It  may  be  added  that 
this  author  also  met  with  an  incrustation  of  carbonate  of  lime  in  the  walls 
of  the  hairs  in  his  material.  The  hairs  of  Corokia  are  especially  distinguished 
(Fig.  99,  E-F)  by  the  occurrence  of  elliptical  pits  on  that  portion  of  the  wall 
which  is  common  to  the  stalk  and  the  transverse  cell  of  the  hair»  these  pits 
being  arranged  in  such  a  way  that,  taken  together,  they  recall  a  scalariform 
|)erforation  with  few  bars.  With  rq^ard  to  the  differentiation  of  the  glandular 
hairs  it  may  be  mentioned  that  loricMia  possesses  small  curved  hairs  of 
3-4  cells,  whilst  Alangium,  Marlea^  Nyssa  and  Camptoiheca  have  unicellular 
external  glands  (Fig.  99,  /f-/,  hydathodes  ?),  which  vary  in  shape. 

The  structure  of  the  petiole  has  been  examined  by  Petit  and  Plitt  in  tpedcs  of 
Aiangium,  Aucuba,  Cornus,  Griseiinia,  and  Heiwingia.  In  all  cases  three  isoiated 
vascular  bundles  enter  the  petiole.  In  the  characteristic  region  (caractMstiqiie) 
the  fibrovascular  system  either  forms  a  simple  arc,  or  the  arc  is  closed  above  fay  a 
band  of  wood  and  bast ;  occasionally  two  small  vascular  bundles  are  also  piesent 
on  the  upper  side. 

3.  Structure  of  the  Axis.  According  to  Sertorius,  the  cork  always 
arises  subepidermally,  and  is  generaUy  coniposed  of  cells  with  thin  walk  and 
wide  lumina ;  according  to  Moller  and  J.  E.  Weiss,  the  epidermis  sometimes 
becomes  the  phellogen  (Aucuba  and  species  of  Cornus).  The  primary  cortex 
in  almost  all  cases  (exception  :  MasHxia)  is  collenchymatous,  either  through- 
out or  at  least  in  its  outer  portion  ;  typiod  coUenchyma,  however,  only  occurs 
in  ToriceUia,  The  following  special  features  are  found  in  the  primary 
cortical  parenchynia :  cortical  1  vascular  bundles  in  MasUxia^  i.e.  Inf-trace 
strands,  only  entering  the  vascular  ring  lower  down  in  the  stem ;  stone-celk 
(MasHxia,  Marlea  ebenacea,  Clarke,  and  M.  nobilis,  Clarke^  Camms  cmfiMm^ 
Wall.,  Nyssa  uniflora,  Wang.) ;  and,  in  herbarium-material  of  species  of 
Aucuba,  Cornus  and  Garrya,  tangential  rents  in  the  ooUenchyma  due  to 
the  gelatinization  of  the  middle  lamellae  between  the  cells  cononned.  In  the 
pericycle  we  either  find  (in  the  majority  of  the  species)  is<Jated  bundles  of 
primary  bast-fibres,  which  are  occasionally  strengthened  by  the  addition  of 
stone-cells  (species  of  Marlea^  Cornus,  Mastixia,  Carrya),  or  a  composite  and 
continuous  sclerenchymatous  rinff  (Curtisia,  Grisdinia^  Nyssm  and  Dmriiim)^ 
or  finally  no  sclerenchyma  at  all  (Marlea  begoniaefolia^  Roxb.,  HdmimgiM^ 
Aucuba  japonica,  Thunb.).  The  groups  of  bast-fibres  in  the  pericycle  are 
distinguished  either  by  the  yellow  (Alangium,  Corokim,  MasUxim^  Gama  pn> 
parte,  Griselinia,  Nyssa,  ToriceUia)  or  white  (Marlea,  CurHsi^  Cormu^  Amcmba^ 
Garry  a  pro  parte,  Camptotkeca,  Davidia)  coloration  of  their  wall ;  in  branches 
belonging  to  the  floral  region  these  grouos  are  usually  of  small  siK»  being 
relatively  laige  in  ToricMia  only ;  in  Mastixia  they  are  eloogAted  in  the 
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radial  direction  to  a  striking  extent.  In  the  secondary  bast  of  branches 
from  herbarium-material  bast-fibres  have  only  been  observed  in  MasUxia^ 
where  they  either  occur  singly  or  form  small  ^oups  ;  in  the  bark  of  the  trunk 
of  A  tuuba  and  Camus  secondary  hard  bast  is  also  wanting  (M611er).  On  the 
other  hand  parenchymatous  sclerenchyma,  generally  with  rod-Uke  elements, 
has  been  observed  in  the  bast  in  species  of  Corokia^  Marlea^  Comus  and  Nyssa. 
Hoarding  the  structure  of  the  wood  the  following  facts  may  be  pointed 
out.  The  vessels  usually  occur  isolated  in  the  transverse  section  ol  the  Branch, 
and  are  generally  more  nearly  quadrangular  than  rounded  in  section.  As 
a  rule  they  have  narrow  lumina,  which  are  sometimes  remarkably  small 
(diam.  =  013  nun.  in  Corokia) ;  only  in  Alangium^  MarUa  and  ToriceUia 
does  their  diameter  attain  a  more  considerable  size  (up  to  •065  mm.).  The  pcr- 
torations  of  the  vesseb  are  exclasively  scalariform  in  most  of  the  genera  {Curttsia^ 
Corokia^  Comus^  Aucuba^  Maslixia^  Garrya^  Grisdinia^  Nyssa^  CampiothecM^ 
Hdwingia),  and  also  in  MarUa  ehenaua^  Clarke,  and  M.  nobtlis,  Clarke,  of  the 
section  Ps€udalangium.  In  other  species  of  MarUa^  as  well  as  in  Alangium 
and  Tortcellia^  there  are  only  simple,  mostly  elliptical,  perforations  in  the 
secondary  wood,  although  the  scalariform  type  also  occurs  in  the  primary 
wood  or  in  its  neighbourhood.  Scalariform  perforations  in  the  vessels  thus 
form  a  universal  feature  in  the  Order.  The  number  of  bars  in  the  scalariform 
perforations  varies,  being  either  very  considerable  (over  40,  or  even  up  to 
loo),  as  in  Davidia^  Aticuba  or  Nyssa,  or  small  (S'-S),  as  in  Garrya.  Spiral 
thickening  of  the  vessel-wall  has  been  observed  in  Carnus  oblcnga^  Wall., 
Aucuba  japonica^  Thunb.,  Garrya  elliptica,  Dougl.,  C  Lindheimeri^iOTT.  and 
TorictUia  iiliarfolia,  DC.  Sertorius  mentions  bordered  pits  as  occurring 
alone  on  the  vessel-wall  where  it  is  in  contact  with  parenchyma  of  the 
medullary  rays ;  this  is  not  correct  for  Grisdinia  (see  my  *  Holzstruktur '), 
inasmuch  as  simple  pits  also  occur  in  that  case.  The  walls  of  the  wood-pros- 
cnchyma  may  either  bear  bordered  pits  only  {Cornus,  Garrya,  CampMheca^ 
Curiisia,  Davidia,  Masiixia),  or  simple  pits  only  \Alan§ium,  MarUa,  Toricdliu^ 
Helwingia),  or  both  bordered  and  simple  pits  (A  uctiba,  Corokia^  Grisdinia,  Nyssa). 
In  Alafigium,  MarUa  nobilis  and  Af.  ebenacea,  Curiisia,  Corokia,  Garrya,  Gris^ 
linia  and  Hdwingia  the  wood-prosenchyma  has  very  thick  walls  and  very 
narrow  lumina,  while  that  of  other  species  of  MarUa,  of  Comus,  Mastixia, 
Aucuba^  Nyssa,  CampMheca,  Davidia  and  Toricdiia  has  wide  lumina  and 
relatively  thin  walls.  Septation  by  means  of  delicate  division-walk  has  been 
obser\*ca  locally  in  the  wood-prosenchyma  of  most  species  of  MarUa,  and 
delicate  spiral  thickening  in  the  prosenchyma  of  Aucma,  Garrya  and  Comus 
ohlonf^a.  Wall.,  which  bears  bordered  pits.  The  wood-parenchyma  is  only 
slightly  developed.  The  medullary  rays  of  the  wood  are  from  two  to  five  cells 
thick  in  traasverse  section. 

Tupelo-wood,  which  is  the  wood  of  the  root  of  species  of  Nyssa,  and  is  used 
in  the  preparation  of  tupelo-sounds,  is  distinguished  by  the  extremely  wide  lumina 
iti  lU  Clements.  The  vessels,  as  well  as  the  wood-prosenchyma,  have  a  diameter 
of  *tr)5   mm.    The  wood-fibres  here,  as  in  the  wood  of  the  stem,  bear  bordered 

jnts. 

Tlie  pith,  according  to  Sertorius  (for  details  see  loc.  cit.),  exhibits  various 
ty))es  of  differentiation.  Its  cells  either  have  thin  and  slightly  lignified 
walls  or  thick  walls,  which  are  sometimes  sclerosed.  The  ceus  of  tb?  pith 
are  distinguished  by  special  nitting  of  their  vertical  walls  in  the  species  of 
Nyssa,  The  pits  on  these  waUs  are  very  numerous  and  the  thickened  portions 
of  the  membrane  project  strongly  into  the  lumen  of  the  cell,  so  that  in  section 
the  vertical  walls  have  the  appearance  of  a  row  of  beads.  The  pith  of  Auadm 
possesses  another  peculiarity ;  in  the  dried  (but  not  in  the  living)  brancb  it 
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is  split  up  into  lamellae  by  a  considerable  number  of  parallel  rents,  appearini 
at  very  short  distances  from  one  another. 

Oxalate  of  lime  is  excreted  in  the  axis  in  the  same  three  forms  as  in  tb^ 
leaf  (see  above).  Carbonate  of  lime  has  been  observed  in  the  cavities  of  ib^ 
vessels  in  the  heart-wood  of  Cornus  sanguinea  and  in  the  pith  of  the  wood  is 
the  trunk  of  C.  mas  (Molisch).  The  secretory  canals  \  which  characterur 
the  genus  Mastixia  and  have  already  been  mentioned  in  the  description  oi  thr 
leaf-structure,  are  found  in  the  periphery,  and  occasionally  (Af .  (rardruriandi 
also  in  the  internal  portions  of  the  pith.  In  branches  from  herbarium-matenil 
they  are  commonly  filled  with  crystallized  camphor. 

4.  Table  for  the  determination  of  the  genera  of  the  Comaceae,  according  to  tbn: 
anatomical  features  (after  Sertorius)  :— 

I.  Perforations  of  the  vessels  in  the  secondary  wood  simple  : 

1 .  Sack-shaped    unicellular    glandular   hairs    on   the    leaf ;    no    cr>-stal-saad : 

Aiangium,  Marlea  pro  parte. 

2.  Multicellular  p;landular  hairs  on  the  leaf ;   crystal-sand  in   axis  and  lea: 

Toricelha, 

II.  Perforations  of  the  vessels  in  the  secondary  wood  scalariform  : 

1 .  Two-armed  hairs  on  the  leaf  (or  in  the  floral  region) : 

(a)  Two-armed  hairs  unicellular  : 

(aa)  Secretory  canals  present  in  the  pith  of  the  axis  and  of  the  larger  vei=.« . 

hairs  not  encrusted  with  carbonate  of  lime  :  MasHxia, 
(66)  Secretory  canals  wanting ;  hairs  invariably  provided  with  an  incn;.- 

tation  of  carbonate  of  hme  :  Cornus, 

(b)  Two-armed  hairs  bicellular   (or  multicellular,   according   to   A.    \Veis»  . 

encrusted  with  lime  according  to  A.  Weiss,  but  not  so  according  v> 
Sertorius :  Covokia, 

2,  Two-armed  hairs  wanting  : 

(a)  Unicellular  glandular  hairs  on  the  leaf  : 

{aa)  Secretory  cells  in  the  leaf ;  clustered  crvstals  only :  Nyssa, 
(66)  No  secretion  in  the  leaf  ;  solitary  and  clustered  crystals  :  CampUXkecA. 
(6)  No  glandular  hairs  on  the  leaf  : 
(aa)  Crystal-sand  in  leaf  and  asds  : 

(a)  Lateral  walls  of  the  epidermal  cells  on  both  sides  of  the  leaf  undoJated  sn 
a  zigzag  manner ;  no  sclerenchyma  accompanying  the  vascular  buiKUfr 
of  the  veins ;  perforations  of  the  vessels  with  numerous  ban :  A  umts^ 
O)  Epidermal  cells  on  both  sides  of  the  leaf  polygonal  in  suriace-\Te«  or 
with  very  slightly  undulated  lateral  walls;  bundles  of  aclerenchvinatoa> 
fibres  accompanying  the  vascular  bundles  of  the  veins ;  perforation 
of  the  vessels  witn  few  bars  (number  of  bars  3-5.  rarely  as  many  as  10  j : 
Garrya. 
(66)  No  crystal-sand  in  leaf  or  axis  : 
(o)  Leaf  absolutely  glabrous  : 

(an)  Leaf  very  thin ;  no  hairs  even  in  the  floral  region  ;  no  oxalate  of  bnte 

in  the  mesophyll :  Heiwingia, 
0/3)  Leaf  very  thick,  leathery ;  hairs  in  the  floral  region  ;  Dumero..- 
clustered  crystals  in  the  mesophyll :  Griselinia. 
O)  Hairs,  resembling  an  angler's  hook,  on  the  leaf  ;  solitary  and  clusterrd 
crystals  :  Marlea  nobuis,  Clarke,  and  Af .  ebenacem^  Qarke. 
(cc)  Only  sohtary  cr>'stals  in  the  mesophyll. 


*  The  occurrence  of  these  secretory  canals  led  Van  Tieghem  to  the  amiaipliaa  tkat  .Ift^Ar?* 
belong;s  neither  to  the  Comaceae  nor  to  the  Aimliaceae,  to  which  it  ii  wtiuTied  by  BkillocL  i« 
liottiblj  to  the  Dipterocaqxae.  According  to  Seitorivs*i  if  temcfiti  MmtHxm  may  qwie  wril  be  Mi 
amoorit  the  Comaceae.    In  this  connexion  it  alio  seems  advinble  to  poial  oot  that  CmHiam  iwhcfc 


is  iacfnded  amongst  the  Comaceae  by  Bentham  and  Hooker  and  amoacit  the  ftnHinwi  hf  Bainaa 
and  Ifelwingia  (referred  to  the  Comaceae  by  Baillon,  but  to  the  AnllaeeaB  bj  B«thm  mi 
Hooker)  have  no  resin-canals,  and  on  account  of  this  and  other  pofaili  ihaald  he  i 
romaceae. 
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(a)  SoliUiy  crystals,  scmietiines  very  Urge  and  abutting  on  the  upper 
epidnrmts;  veins  vertically  transcurrent :  CurHsim. 

(/9)  Solitary  crystals  all  of  lairlv  Urge  sise  and  only  present  in  the  spongy 
tissue  ;  veins  not  vertically  transcurrent :  Davidia, 

litermtnre :  Clwloii,  AimL  coop.  d.  tig.  lign.  dioocyl^,  I  M^m.  1867,  p.  45.— MoUcr,  HoUamU^ 
Dnkschr.  WIcDcr  AluuL  1876,  pp.  66,  67  and  36a.— Delbroock,  PflaoMttitoch^  in  Hmmlcia,  BoL 
Abh.,  Bit.  ii,  1876,  p.  aS^ifolbeh,  Kohlcns.  Kalk,  SiU.-BM.  Wiener  AIcmL,  Bd.  IuiIt,  AbC.  i, 
1881,  p.  7  ct  ic«).~M6Uer,  Rindgnanat.,  188a,  pp.   aio-ii.— Bokocny,  Diirchi.  P.,  Florm  188a, 

ri.  380.  leiiarmtc  copv,  p  54. — Blcnk,  Diirclit.  P.,  riorm  1884,  p.  m,  utd  lepartte  copy, jx  89.— 
I.  Sebcnck.  Centrtfog.  WandTerdick.  as  PflaBMoh^  Diit.,  Boiiii,  1884,  pp.  jo-a.~VaD  Tic|' 


in  Aon.  Sc  naL,  •d'.  7,  t.  i,  1885,  pp.  37-9  and  73-4.— Solereder,  Holocr.,  1885,  p.  i^.— PUtt, 
KUmticl,  DiM.,  Marbn,  1886,  p.  sc—rait,  PMoIe,  Uim.  Soc  ic.  phyt.  ctaat.de  Bofdeaaa, 
«er.  3,  t.  iii«  1887,  pp  3ji6--9  and  pL  t. — Donliot,  in  Ann.  ic  nat.,  th.  7,  t  x,  1880,  p.  373.— J.  E. 
\NciM,  in  Denkichr.  Rcgcnsbw  bot.  GcaeUidL  1890,  aeparate  copy,  p.  6o.~A.  Wc£m.  TridL  von 
t  #r»h«.  Siu.-Ber.  Wiener  Akad.,  Bd.  xcix,  Abth.  i,  1890,  p.  a68  and  TaK— B^Uldfl^  Rech.  aast. 
Mir  let  HYbridea,  CompC  rend.,  t.  cxl,  1890,  p.  317  et  wq.,  and  Revoe  dt  bot.  t  ii«  1800,  p.  440 
ct  leq.— lieim,  Mmjtijnm^  in  Rech.  a.  I.  DiptMcarps  Tbite,  Paris,  189a,  pp.  163-74  and  pL  ix. — 
ScftoHas,  Anat.  d.  C,  Dim.,  Milncben,  1803,  78  pp. ;  abo  BnlL  de  I*HerUer  BoMer,  vol.  L~ 
WalUcaek,  MembfanachL,,  Pringibeini  Jahrbl,  Bd.  ut.  1893,  pp.  aa9.— Rekht,  in  Englcr,  Bot. 
Jahrbw,  Bd.  axi,  1895,  p  37.-.Diela.  Veg.Biol.  t.  Ne«ieeland«  Englcr,  Bot.  Jahrb.,  Bd.  udi,  1896. 
p.  a39.~Kahla,  Pbelloderm,  Bot.  CcstralbL  1897,  iii,  p.  fla6. 

CAPRIFOLIACEAE. 

1.  Review  of  the  Anatomical  Features.  This  Order  is  exceedingly 
well  characterised  anatomically  by  a  number  of  features,  vii. :  the  lack  of 
a  special  type  of  stoma  in  almost  all  cases  (exception:  SilviatUkus^);  the  occur- 
rence of  fflandular  hairs  (exceptions :  AUeuosmia  and  Adoxa) ;  the  tendency 
towards  tne  formation  of  scalariform  perforations  in  the  vesseb  (exception  : 
(arinnannia) ;  and  the  bordered  pitting  of  the  wood-prosenchyma  in  most 
members  of  the  Order  (wood-prosenchyma  with  simple  pits  only  in 
Carlemannia  \  Sambucus  and  Alseuosmia ;  accompanying  prosenchyma 
with  bordered  pits  in  Leycesleria).  The  two  first-nanied  anatomical  features 
are  suitable  for  distinguishing  the  Caprifoliaceae  from  the  dosely-reUted 
Kubiaceae.  In  the  general  structure  ot  the  axis  the  following  facts  remain 
to  be  mentioned  :  the  medullary  rays  are  mostly  narrow ;  isoUted  btuidles 
ot  primary  hard  bast-fibres  are  almost  always  present  at  the  outer  limit  of 
the  bast,  or  are  replaced  by  a  ring  of  bast-fibres  ;  secondary  hard  bast  occurs 
in  almost  all  the  members  of  the  Order  in  which  MdUer  examined  the 
details  of  the  cortical  structure  (with  the  exception  of  Vihummn) ;  and  stone- 
cells  (except  in  Vihumum)  are  entirely  absent  from  the  cortex.  In  most 
of  the  genera  the  cork  b  formed  inunediately  to  the  inside  of  the  groups 
of  |>rimary  bast-fibres,  but  in  a  few  cases  (Samlmcus^  Vihumwti^  AUetiOstrnM, 
Carlrmannia)  it  is  prodticed  superficially,  either  in  the  epidermis  itself  or  in 
the  outermost  cell-layer  of  the  primary  cortex.  The  hairy  covering  (Fig.  100) 
consists  of  the  glandular  hairs  already  mentioned  (some  of  Uiese  being 
shortlv-stalked  capitate  hairs,  others  sniall  peltate  ^Undtilar  hairs),  simple, 
unicelluUr  hairs,  and  stufted,  stellate  or  peltate  havs.  OxaUte  of  lime  Is 
usually  only  excreted  in  the  form  of  ordinary  soUtary  and  clustered  crystals ; 
in  Samhucus  crystal-sand  is  foimd ;  styloicb  occur  in  the  bast  of  Dipdia. 
ScMTctory  elements  occur  only  in  Sambucus  where  they  have  the  form  of  long 
cells,  tilled  with  brown,  tanmniferotis  contents. 

2.  Structure  of  the  Leaf  •.  According  to  the  statements  of  Vesque 
and  Grignon,  the  leaves  have  bifacial  structure.     In  Triosieum  perfoluUum 

Wttb  rcgaid  to  tbc  tnmltrtBOC  oC  CmrUmmmmim  and  Si/wismtkm  fnm  tbc  Rabiaceat  to  tbt 


CaprifoUaeeat  on  anatwkal  groMda,  aec  Solcrcdcr,  B«U.  dc  THorb.  BoWtr  1891. 

'  Moat  importam  literataiv :  VaMt,  Ami.  ic  sat.,  i^.  7,  t  i,  tSSa,  and  Solafedcr»  BalL  de 
IHcrb.  UoWcr  1S91.  ^^ 
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and  some  species  of  Vib%Krnum  the  palisade-tissue  is  scarcely  developed ;  on 
the  other  hand  it  is  distinctly  differentiated  in  other  species  of  FiterKioa. 
in  most  species  of  Lonicera  and  in  Ltycesteria.  In  the  species  of  SmmbmoL^ 
and  in  Vihurnum  Obtdus^  L.  the  palisade-parenchyma  consists  of  arm-polisadr 
cells,  according  to  Haberlandt  and  Loebel.  The  mesophyll  of  Linnaea 
is  characterized  by  the  presence  of  large  intercellular  spaces.  The 
cells  almost  always  have  undulated  lateral  walls.  According  to  Vesqoe. 
the  nature  of  the  lateral  walls  in  the  upper  epidermal  cells  can  br 
employed  as  a  specific  character ;  thus  the  lateral  walls  are  almost  stnugfat 
in  Leycesteria^  strongly  undulated  in  Ttiosteum^  and  undulated  in  a  zigzag 
manner  (like  the  epidermal  cells  of  petals)  in  Viburnum  Opulus  ;  the  epidermal 
cells  of  Linnaea  borealis  have  undulated  lateral  nuirgins  provided  with  marginal 
pits.  The  stomata  are  only  found  on  the  lower  side  of  tne  leaf  in  most  species : 
only  in  the  case  of  Sambucus  nigra  and  5.  Ebulus  have  a  few  stomata  been 
observed  on  the  upper  side  of  the  leaf  in  the  neighbourhood  of  the  naedian 
vein.  Special  importance  attaches  to  the  fact  that  all  the  stomata  are  never 
accompajiied  by  subsidiary  cells  parallel  to  the  pore,  as  is  quite  generally  thr 
case  in  the  Rubiaceae.  In  all  the  genera  (i.e.  in  Abdia^  Adoxa^  Aiseuosmia,  Dier- 
villa^  DipeUa^  LeycesUria^  Linnaea^  Lonicera^  PentapyxiSj  Sambucus^  Sympkon- 
carpus^  TriosUum^  Viburnum  and  also  in  CarUmannia)^  with  the  single 
exception  of  Silvianthus^  the  stomata  are  surrounded  by  a  varying  nmnber 
of  epidermal  cells  exhibiting  no  regular  arrangement  or  sped^u  sh^x*. 
It  may  be  added  that  in  the  same  superficial  section  isolatea  stomata  with 
subsidiary  cells  parallel  to  the  pore  may  sometimes  occur  si<te  by  side  with 
stomata  haviiig  irregularly  arranged  neighbouring  cells  (e.g.  in  species  ot 
Viburnum).  Ine  guard-celk  of  the  stomata  in  the  genus  Suvianikms^  whkh 
is  very  closely  related  to  Carlemannia,  are  surrouncted  by  at  least  two  sub- 
sidiary cells,  placed  opposite  to  one  another  and  transversely  to  the  poie. 
This  is  the  simplest  case,  but  with  it  a  few  other  modifications  oocnr. 
Thus  in  other  cases  several  subsidiary  ceDs,  placed  transversely  to  the 
pore,  are  found  on  each  side  of  the  pair  of  guard-cells ;  or  the  guanJ-ceDs  are 
first  surrounded  by  two  subsidiary  cells  arranged  transversely  to  the  pore, 
as  in  the  simplest  case,  whilst  the  group  of  cells  thus  formed  is  enclosed  by 
two  further  external  subsidiary  ceDs,  which  are  parallel  to  the  pore.  Aooord- 
ing  to  Vesque,  the  vascular  bundles  of  the  veins  of  the  leal  are  osoally  (ex- 
ception :  e.g.  Adoxa)  accompanied  by  groups  of  sderenchymatoos  fibres ; 
occasionaUy  (Lonicera  Standtskii)  the  latter  extend  as  far  as  the  epidermis 
on  both  sides. 

Oxalate  of  lime  is  chiefly  excreted  in  the  form  of  ordinary  solitary  and 
clustered  crystals,  and  occurs  in  these  forms  both  in  the  lead  arid  in  the  axis. 
In  CarUmannia  and  Silvianikus  each  cell  of  the  palisade-tissue  contains  a 
small  clustered  crystal  or  a  soUtary  crystal  in  place  of  the  former,  a  feature 
which  is  highly  characteristic  of  these  [dants.  A  noteworthy  exception  to 
the  general  form  of  the  oxalate  of  Ume  is  presented  by  the  genus  Smmbmcms. 
which  is  anomalous  in  other  respects  also ;  in  this  genus  crystal-sand  occurs. 
Finally  it  remains  to  be  mentioned  that  the  bast  of  Dipdia  fcfibundm^  Maxim. 
contains  styloids,  whilst  clustered  crystals  occur  in  the  pareiKhjfina  of  the 
leaf  and  pith. 

The  hairy  covering  (Fig.  loo)  afiords  valuable  anatomical  characters. 
It  may  in  the  first  place  be  pointed  out  once  more  that,  in  an  investigation 

^  The  mode  of  derelopmeDt  of  the  gcomata  Kcms  to  vmry.    Aocordiof  to  SCimslNB| 
beim  Jahrb.*  Bd.  t,  1866-7,  p.  504  and  Tab.  uxvi)  the  iudal  cell  itiell  beeoaci  tbe 
the  pair  of  gnard-ceUa,  and  the  epidcnBal  odU  do  not  aadcrvo  futhcr  dMnooa.    Vi 
other  hand,  states  that  ia  the  development  of  the  stoflutaaeveffary,i-j)diniioBspveccdetliefi 
of  the  mother-cell  of  the  gnaid-cellt. 
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carried  out  in  order  to  amplify  Vesque's  statements,  I  have  succeeded  in 
demonstrating  glandular  hairs  in  all  the  genera  of  the  Caprifoliaceae»  with  the 
exception  of  the  genus  Alscuosmia  (which  is  also  somewhat  anomalous  in  the 
frequent  occurrence  of  alternate  leaves)  and  of  the  genus  Adoxa  which  is  likewise 
anomaloas.  These  hairs  mostly  have  a  spherical  or  ellipsoidal  head,  com- 
posed of  a  varying  number  of  cells  and  borne  by  a  uniseriate  stalk  of  varying 
length,  which  is  made  up  of  two  or  more  cells ;  the  stalk  is  in  most  cases 


Pig.  too     11  Airy  carting  of  tke  CAphfoliAc^e :    A,   Vihmrmmm  Lmiag9^  L. ;    ■,  Ckrlam^mtti*  comgtti^ 
Hook  f.^XtKiiul. 

distinctly  marked  off  from  the  head,  but  now  and  then  the  demarcation  is 
less  distinct.  To  this  category  belong  the  glandular  hairs  of  Abelia,  DittUa^ 
Leycestcfia,  Linnaea^  Lonicera,  Peniapyxis^  Sambucus,  TriosUum  and  VUmr- 
Hum.  In  Symphoricarpus^  Carlemannia  (Fig.  100,  B),  Silvianlhus  and  Dier- 
xHUa  the  glandular  hairs  are  peltate  ;  in  the  hrst  of  these  genera  a  small  shield 
of  circular  outUne  and  coasisting  of  3-7  cells  is  seated  on  the  short,  unicellular 
stalk  ;  in  DurviUa^  on  the  other  hand,  the  shield  consists  of  numerous  cells 
and  is  constructed  like  that  of  the  well-known  peltate  glands  of  the  Oleaceae  '. 
Apart  from  the  glandular  hairs  so  far  discussed,  clothing  hairs  of  varioas 
^haws  are  found  in  the  Order,  viz.  (a)  simple  unicellular  hairs,  which  vary 
in  length,  are  mostly  pointed,  and  have  a  smooth,  punctate  or  striulate 
surface  {Adoxa^  Lon\cera^  Sanibucus^  TriosUum^  KtWniufi) ;  (6)  the  tufted 
and  stellate  hairs  of  certain  species  of  Viburnum^  which  are  either  directly 
sunk  in  the  epidermis  of  the  leaf  or  are  provided  with  a  multicellular  stalk  ; 
and  (c)  the  small  peltate  hairs,  occurring  in  some  species  of  Viburnum  {V. 
pyrifolium  and  V.  L^nlago).  .According  to  Vesque,  tne  stellate  hairs  appear 
to  have  arisen  from  the  capitate  glandular  hairs,  for  the  celb  of  the  head  of 
the  latter  occasionally  (e.g.  in  Vtb$irnum  Opulus)  show  a  tendency  towards 
ray- formation.  The  peltate  hairs  (Fig.  xoo,  ^4)  have  a  shield  of  4-^  radially 
arranged  cells,  which  have  approximately  the  same  appearance  as  the  mar- 
ginal cells  in  the  well-known  al^al  genus  Pediastrum.  We  may  add,  in 
(onnexion  with  the  hairy  covenng,  and  more  especially  the  glandular 
hairs,  a  brief  description  (based  on  the  work  of  Reinke  and  Morini)  of  the 
leaf-teeth,  which  excrete  resin  and  mucilage,  and  of  the  peculiar  nectarial 
Inlands  occurring  on  the  petioles  (basin-shaped,  for  example,  in  Vibtimum  Obulm, 
riask-sha()ed  in  Sapnbucus  nigra)^  or  on  the  rachis  of  the  leaf  {Sambucus  Ebulus\ 
or  on  the  lower  margin  of  the  lamina  {Viburnum  Tinus).  The  leaf -teeth 
<  ontain  the  termination  of  a  vein,  merg^ing  into  an  epithema,  above  which 
a  few  stomata  are  situated.  The  nectarial  glands  consist  of  uniform  paren- 
«*hyma,  in  which  a  few  vascular  bundles  terminate  blindly ;  palisade  paren- 
•:hyma  is  wanting. 

According  to  Petit,  Vesque,  and  Grignon,  the  structure  of  the  petiole 

'  RcgAfdlnC  mI^'mMms  haii%  m  the  bodt,  mc  llaniteiB,  1868. 


442  CAPRIFOUACEAE 

varies  as  far  as  the  fibrovascular  system  b  concerned ;  thus  the  characterittic 
r^on  ('  caract^ristique ')  exhibits  five  isolated  vascular  bundles  in  Smmbmms 
eSuIus,  a  ring  of  vascular  bundles  with  two  lateral  bundles  on  its  upper  side 
in  Viburnum  Tinus^  an  arc-shaped  vascular  bundle  in  LomeerM  0tnm^  and 
a  similar  bundle  with  two  additional  lateral  bundles  on  its  upper  side  in  Vibmr- 
nam  Opulus  and  LeycesUria  farmosa, 

3.  Structure  of  the  Axis  *.  In  the  structure  of  the  wood  two  features 
are  of  primary  importance  for  the  anatomical  diagnosis*  of  the  Order: 
the  tendency  towards  the  formation  of  scalariform  penorations  in  the  vessels 
(exception  :  Carltmannia)  and  the  occurrence  of  wood-prosenchyma  with 
bordered  pits  (exceptions :  Sambucus,  Carltmannia^  and  Alsewnmia). 

The  lumina  of  the  vesseb  vary  in  size  ;  in  Lonicera  japonica  the  maximum 
diameter  attains  •!  mm.  The  wall  of  the  vessel  is  very  commonly  provided 
with  spiral  thickening  ;  this  Ls  the  case  in  all  the  twenty-one  species  of  Lomeera 
examined  by  Michael,  in  Abelia,  LeycesUria^  and  Sympkartcarfus  according 
to  the  same  author,  and  also  in  Sambucus  peruviana^  n.  B.  K.  (Pomrenke) 
and  Viburnum  Lantana^  L. 

Regarding  the  detailed  structure  of  the  perforations  of  the  \'esseb  the  foDowing 
facts  may  be  mentioned.  In  Carlemannia  only  simple  perforations  are  found  ;  even 
in  the  neighbourhood  of  the  primary  wood  scalanform  perforations  could  not  be 
discovered.  In  Sambucus  nigra^  L.,  5.  Sieboldiana^  BL,  and  Lonicera  iatariem^  L^  all 
the  vessels  of  the  secondary  wood  are  provided  with  simple  perforatioiis  of  eHiiitiGal 
or  circular  outline  ;  only  in  the  neighbourhood  of  the  primary  wood  are  icalanlonB 
perforations  present.  Lonicera  Caprifolium,  L.,  and  Sympkoricarpus  ocddemiaUs, 
Hook.,  have  scalariform  perforations  in  the  secondary  wood  accomnan3ring  the 
simple  perforations,  some  of  the  former  exhibiting  a  large  number  of  tmn  bars  with 
narrow  slit-shaped  perforated  areas  between  them ;  Triosteum  perfoiimhnm^  L.,  lor 
the  most  part,  has  scalariform  perforations  with  few  bars,  simple  peiioratioiis  being 
verv  rare.  According  to  mv  own  investigations,  exclii8i\'ely  scalanform  perfdrmtioos 
with  a  varying  number  of  bars  occur  in  Viburnum  Lantana^  L.,  and  F.  Opuiug^  L.« 
in  Linnaea  borealis,  L.,  Peniapyxis  stipulaia.  Hook.  fiL,  Dipelta  floribunda^  Maadm.. 
Aiseuosmia  linarii folia,  Cunn.,  and  A,  macropkylla,  Cunn.  Michael,  in  his  work  oil 
the  anatomy  of  the  wood  in  the  CaprifoUaceae,  also  paid  attention  to  the  perfdrmtioos 
of  the  vessels,  and  demonstrated  isolated  or  abundant  scalariform  perforations  in  all 
the  3Q  investigated  species  of  the  genera  Viburnum,  Diervilla,  Lonicera^  Leycesieria. 
Sympkoricarpus,  and  Abelia, 

The  wood-prosenchyma  as  a  rule  bears  bordered  pits,  vix.  in  the  genera 
Abelia,  Diervilla^  Dipelta^  Leycesteria^  Linnaea^  Lonicera^  Penla^yxiSf  Symphon- 
carpus,  Triosteum^  and  Viburnum.  In  addition  to  the  boroered  {nts  spiral 
thickening  of  the  wall  of  the  prosenchymatous  cells  is  found  in  certain  soedes 
of  Abelia,  LeycesUria,  Lonicera,  Sympkoricarpus,  and  Vihumum.  Unlike 
that  of  the  ten  genera  named  above,  the  wood-prosenchyma  bears  simple 
pits  in  the  genera  Sambucus,  Aiseuosmia,  and  Carlemannia,  and  in  the 
last  two  of  these  it  is  commonly  provided  with  delicate  transverse  waDs. 
A  transition  to  this  type  of  wood-prosenchyma  is  afforded  bv  LeycesUria 
formosa,  in  which,  according  to  Michael,  wood-fibres  with  simple  pits  occur 
side  by  side  with  wood-prosenchyma  having  bordered  pits,  the  latter  betnc 
abundantly  developed.  The  wood-parenchyma  is  not  strongly  devdopeo. 
The  medullary  rays  of  the  wood  vary  in  breadth  ;  in  species  of  Lonicera  and 
Sympkoricarpus,  for  example,  they  are  8-10,  in  Abelia  only  1-3  oeDs  broad. 
According  to  Michael,  the  structure  of  the  medullary  rays  in  tangential  longi- 
tudinal section  is  characteristic,  so  that  from  this  point  of  view  a  predonuDant 
ty|)e  can  be  established  for  the  Order ;  this  type  is  only  wanting  in  Semiucms 


*  MiMt  tmportmnt  Utenrtnre:  Sotercder,  Holxttr.,  1SS5,  and  linll.  de  lUcrb.  BoiMto,  1891; 
Moller.  Riodcnmiuit,  iSSa. 

*  The  ttnictare  td  tht  btmadk  oi  Si/viamiAm  hss  not  btea  enaiiDed. 
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amongst  the  genera  investigated  by  Michael  and  those  subsequently  investigated 
by  Linsbauer  (these  do  not,  however,  include  all  the  genera).  The  middle  of  the 
medullary  ray  in  a  tangential  section  is  occupied  by  low  cells,  above  and  below 
which  cells  of  medium  size  are  to  be  found ;  finally  at  the  upper  and  lower 
end  of  the  ray  high  cells  occur.  Other  types,  it  is  true,  are  found  also,  but 
they  can  reaaily  be  derived  from  the  nuun  type  just  described  by  supposing 
one  or  other  kind  of  cell  (but  never  all  the  hi^h  cells)  to  be  suppressed,  in  Sam- 
biicus  alone  the  elongated  cells  of  the  medullary  rays  are  entirely  wanting. 

I  will  now  describe  the  structure  of  the  cortex,  and  in  the  first 
place  the  mode  of  development  of  the  cork.  In  most  cases  the  coilc 
arises  deep  down  in  the  interior  of  the  cortex,  immediately  internal  to 
the  groups  of  primary  bast-fibres,  i.e.  in  the  pericycle ;  it  is  rarely 
developed  superficially.  Superficial  cork-formation  is  characteristic  of  the 
genera  SanUmcut^  Vtbumum^  Alseuosmia^  and  Carlemannia ;  in  some  of 
the  species  of  Vitmmum  (e.g.  V,  Lantana^  L.,  V.  Ltntago^  L.,  Ac.)  the 
rnidermis  t)ecomes  the  pheUoffen ;  in  other  species  of  Vibwrnum  (e.g. 
V.  americanum^  Mill.,  V,  Opmus^  L.,  &c.),  in  Sambucus^  Alsetiosmiat  and 
Carlemannia  on  the  other  hajid  the  phellogen  Ls  derived  from  the  outermost 
cell-layer  of  the  primary  cortex.  Development  of  cork  in  the  pericycle  has 
lieen  observed  by  various  authors  (Mdller,  Douliot,  J.  E.  Weiss,  Solereder) 
m  the  genera  Ahdia^  Diemlla,  DipeUa^  Leycesteria^  Linnaea,  Lonictra^  Sym- 
pharicarpus^  and  TriosUum,  From  these  enumerations  it  is  evident  that 
[tricyclic  development  of  cork  does  not  occur  in  all  the  members  of  the  tribe 
Lonicereae.  According  to  the  statements  of  Mdller  and  J.  E.  Weiss  with  refer- 
ence to  Abdia^  Diervma^  Lonicera,  SamlmcMs^  Sympkoricarpus,  and  VHmmum^ 
the  cork-cells  generally  speaking  have  wide  lumina,  and  either  thin  or  thick 
walls.  The  primary  cortex  contains  typical  collenchyma  in  Sambucus  and 
Viburnum,  In  the  primary  cortex  of  the  plants  examined  by  Mdller  {Dier- 
tt//a.  Lonicera^  Samimcus^  Symphoricarpus^  Viburnum)  sclerosis  does  not  occur. 
The  |)ericyc]e  in  almost  all  cases  contains  bast-fibres  or  cells  hke  bast-fibres, 
which  moreover  vary  in  structure,  occasionaUy  having  very  wide  lumina, 
and  either  forming  groups  of  varying  extent  or  uniting  to  form  a  ring  ;  a  com- 
fiosite  and  continuous  sderenchymatous  ring  has  only  been  recorded  in  Vibur- 
num loeUns^  Decne.  Secondary  hard  bast,  sometimes  shovring  concentric 
differentiation,  has  been  observed  by  M611er  in  the  cortex  of  species  of  Lonicera^ 
Sympkoricarbus^  and  Sambucus^  but  not  in  Viburnum^  where  it  is  replaced 
by  groups  of  stone-cells. 

According  to  Gris,  the  pith  is  heterogeneoas  in  Abdia^  DierviUa^  Lonicera^ 
and  Symphancarpus ;  it  b  composed  of  dead  cells  in  Sambucus,  In  some  of 
the  s|)ecies  of  Lonicera,  such  as  L.  Caprifoiium  or  L.  Xyiosteum^  the  internal 
|)ortion  of  the  pith  of  the  intemode  is  absorbed  at  an  early  stage. 

A  s))ecial  structural  feature  consists  in  the  girdle-shaped  conunissural 
Nt  rands  found  in  the  nodes  of  the  stem  ;  they  are  said  to  occur  only  in 
Sambucus  (Hanstein,  Fritsch).  Mention  has  already  been  made  (see  structure 
of  the  leaf)  of  the  crystals  in  the  axb,  but  we  have  still  to  discuss  the  secretory 
aaca,  which  are  situated  in  the  peripheral  part  of  the  pith  and  in  the  pericycle 
of  Sambucus^  and  have  brown«  homogeneous  and  gelatinous,  tanniniferous  con- 
tents. According  to  Linsbauer,  they  occur  quite  generally  in  the  genus  Sam- 
hue  us.  They  have  long  been  known  in  5.  nigra  and  5.  Ebulus ;  Linsbauer 
rntinuTates  the  following  additional  species  :  5.  Gauisckii^  Wetts.,  S.  glauem^ 
Nutt..  5.  pubens^  Michx.,  5.  racemosa^  L.  and  5.  Thunbergiana^  Bl.  (in  part 
•  ontrary  to  Fritsch's  statements). 

.Note— -The  '  r^seao  de  loatien '  of  Van  Tieghem  is  met  with  in  the  coot  of  many 
members  of  the  Order,  in  the  cefl-Uycr  situated  immediately  internal  to  the  eodo- 
f Icrmis ;  thus,  according  to  Van  Tieghem,  it  occon  in  the  genera  Viburnum^  Lamara, 
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Symphoricarptis,  Leycesieria,  DietviUa^  and  THosteum^  but  not  in  Sambucus,  Abeiim^ 
and  Linnaea.  Its  differentiation  varies  even  within  the  genus  Viburnum.  For 
details  see  Van  Tieghem,  loc.  dt. 
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RUBIACEAE. 

I.  Review  of  the  Anatomical  Features.  This  Order  is  already 
characterized  by  certain  exomorphic  features,  which  can  be  recogniied 
even  in  sterile  material,  viz.  opposite  leaves,  in  which  the  margin  is  almost  in- 
variably entire,  as  well  as  stipular  structures,  which  are  scarcely  ever  wanting, 
and  are  peculiar  in  their  position  and  cohesion  (or  are  leaf-like  in  the  SteUatae). 
In  addition  to  these  external  characters,  however,  there  are  certain  features 
belonging  to  the  internal  structure,  which  may  be  of  critical  value  for  the 
recognition  of  sterile  material  of  a  member  of  the  Order  :  i.  The  stomata  are 
invariably  accompanied  by  subsidiary  cells,  arranged  paralld  to  the  pore 
(Fig.  loi,  D-G),  (2)  Glandular  hairs,  which  are  very  abimdant  in  the  dosdy- 
aUied  CaprifoHaceae,  are  not  present  on  the  leaves  of  the  Rubiaceae.  (3)  The 
vascular  bundles  of  the  axis  are  simply  collateral  (not  bicoUateral). 

With  regard  to  the  general  structure  of  the  axis,  it  may  be  mentioned  that 
the  formation  of  cork  may  be  superficial  or  internal,  that  the  perforatiODs 
of  the  vessels  are  generally  simple,  scalariform  perforations  ovly  occurrinii; 
rardy  and  always  in  relatively  small  numbers,  and  that  the  wood-prosenchyma 
in  the  majority  of  the  genera  investigated  has  bordered  pitting  only,  sim^de  pitsi 
occurring  in  the  remainder  of  the  genera,  in  which  also  the  prosenchyma  is 
occasionaUy  provided  with  delicate  transverse  walls.  The  following  secretory 
elements  occur  :  Glandular  shaggy  hairs  on  the  stipules  (Fig.  loi,  i4),  sduio- 
genous  secretory  cavities  {Rustia^  Tresanikera),  epidermal  celb  with'  a 
resinous  secretion  (species  of  Rubia^  Nenax^  and  Anihosfermiim)^  resin-cdL< 
in  the  mesophyll  {Poiysphaeria)^  secretory  cells,  filled  with  brown  contend: 
{Phyllis,  Randia,  &c.),  dongated  secretory  sacs  (CtncAoiM,  Hetiriquexia^  Casern- 
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ri7/u.  Isertia^  Ladenbergia^  Mussaenda,  Remijia)^  and  internal  glands,  formed 
l)y  a  group  of  secretory  cells  {HeUropkyllaea).  Oxalate  of  lime  is  only  in 
txceptional  cases  secreted  in  the  form  of  ordinary  large  rhombohedra.  Else- 
where it  is  found  in  various  forms*  namely,  as  clustered  crystals,  crystal-sand, 
Mnall  acicular  crystals,  raphides  and  styloids.  The  different  forms  assimied  by 
the  excreted  oxalate  of  lime  are  characteristic  of  certain  tribes  or  genera.  The 
hairy  covering  generally  consists  of  simple,  unicellular  or  uniseriate  hairs ;  in 
Is^ia  tufted  hairs  occur.  A  very  characteristic  feature  of  the  tribe  Guetarckae 
is  aftorded  by  the  crystal-hairs  (*  Krystallhaare  *),  i.e.  unicellular  hairs,  in 
the  thick  walls  of  which  small  rhombohedral  crystals  are  deposited  in  Unear 
serit*s  (see  Fig.  loi,  R-C).  A  few  additional  anatomical  features,  which  are 
useful  for  detailed  diagnosis,  are  as  follows  :  the  occurrence  of  a  hypoderm 
in  the  leaf ;  the  presence  of  sderenchymatous  fibres  and  of  spiral  tracheids  in 
the  mesophyll ;  the  arrangement  of  the  stoma ta  in  groups  {Pagamea) ;  crystal- 
sclereiichyma  ( Web^ra,  Pavetta^  Strumpfia) ;  the  rod-cells  of  the  true  China  bark ; 
the  furrowed  xylem-mass  in  some  lianes  (Lygadysodea^  ManeUia^  Sabicea) ;  the 
(Kcurrence  of  small  strands  of  wood  and  bast  in  the  primary  cortex  {Ckiococca 
racemina,  J  acq..  Fig.  102). 

2.  Stricture  of  the  Leaf.  The  ordinary  features  in  the  leaf-structure, 
su(  ti  ;!>  its  general  differentiation  and  the  nature  of  the  epidermis,  have  only  been 
examined  in  a  few  species.  The  following  statements  can  therefore  only  serve 
as  a  preliminary  general  account  of  this  subject.  The  leaf-structure  is  bifacial 
in  the  cases  investigated,  as  for  example  in  all  the  species  of  Gaertnera  and 
(  hdsalia  examined  by  me.  The  epidermal  cells  have  straight  or  undulated 
lateral  walls  ;  the  marking  of  the  cuticle  varies.  Marginal  pits  ('  Randtiipfel ') 
have  l)een  ol)ser\'ed  in  Kemijia  pedunculaia  ;  papillose  differentiation  of  the 
iip)KM  epidermis  has  been  found  m  Psychoiria  egensis.  and  the  same  character 
in  the  lower  epidermis  in  Pagamea  plicata^  Spruce.  Gelatinization  of  the  epi- 
dermis of  the  leaf  has  not  hitherto  been  ot»erved  in  any  member  of  the  Order; 
on  the  other  hand,  hypoderm  is  developed  in  Cinchona  succirubra^  Calisaya^ 
(  ondaminea^  and  Coprosma  Baueri^  according  to  Vesque ;  in  Scypkipkora  hydro- 
phyllacea,  Gaertn.  f.,  according  to  Schimper,  in  certain  epiphytic  species  of 
Psychotria,  according  to  Johow,  in  Rusiia  formouiy  Klotrscn,  and  numerous 
N|HvieN  of  Gaertnera^  Chasalia^  and  Pagamea  (see  Solereder,  Gaertnereen,  1890), 
according  to  my  own  investigation.  Gaertnera  truncaia^  DC.,  and  G.  Walheri^ 
W'lgtit.  show  no  more  than  a  tendency  to  form  a  hypoderm,  i.e.  in  these  species 
some  only  of  the  epidermal  cells  are  di\nded  by  thick  septa,  parallel  to  the 
surface  of  the  leaf. 

The  stomata  are  mostly  only  to  be  found  on  the  lower  side  of  the  leaves. 
In  all  the  genera  (to  be  enumerated  later  in  the  discussion  of  the  features  ex- 
hibited by  the  crystals)  the  stomata  are  invariably  accompanied  by  two  or  more 
^ul>sidiary  cells,  placed  parallel  to  the  pore.  The  number  of  these  subsidiary 
I  eIN  and  their  mode  of  attachment  to  the  guard-cells  varies  according  to  the 
K'enu<  or  species  (Fifi".  loi,  [>-G),  In  some  cases  only  a  simide  subsidiary  cell 
IS  found  on  each  side  of  the  pair  of  guard-cells.  In  other  cases  two  or  more 
p.irallel  sul)sidiary  cells  are  arranged  on  one  or  both  sides  of  the  guard-cells. 
The  mode  of  attachment  may  be  of  two  kinds  in  each  case  :  (a)  the  subsidiary 
( ells  do  not  envelop  one  another  in  surface-view,  being  simidy  arranged  paralld 
to  the  {^uard-cells  and  to  one  another,  when  more  than  two  subsidi^  cells  aie 
pieM'nt ;  or  (6)  they  partly  envelop  one  another,  and  in  this  case,  if  more  than 
two  sul>sidiary  cclk  are  formed,  the  cell  situated  to  the  ri^ht  of  the  pore  is 
M'(>n  in  surface-view  to  be  enveloped  by  one  on  the  left,  this  again  by  one  on 
the  n^'ht  and  so  on.  In  the  genus  Pagamea  the  stomata  are  not,  as  in  other 
ca>ev.  rv(  uttered  over  the  entire  lower  side  of  the  leaf,  but  are  united  in  varying 
numlxTs  (2-4)  to  form  stomatal  groups.    These  latter  can  be  detected  occasion- 
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ally  as  circumscribed  areas  even  with  the  naked  eye  or  with  the  help  of  a  lea«-\ 
and  they  occur  in  all  the  species  of  Pagamea  investigated ;  in  P.  coriacea^  Spruce, 
and  P.  plicata^  Spruce,  they  are  depressed  below  tiie  level  of  the  epidermis. 

The  appearance  of  sclerenchymatous  fibres  or  of  curious  spirally  thickened 
tracheides  in  the  tissue  of  the  leaf  is  a  special  feature,  which  may  now  hie  described 
The  fibres  were  first  observed  by  Vesque  in  BurckeUia  bubaltna  and  by  mysel: 
in  Chomelia  Martiana^  MiiU.  Arg. ;  they  traverse  the  mesophyll  in  iSl  direc- 
tions, and  in  BurckeUia  penetrate  between  the  epidermal  ceUs,  occasionally  ever 


f^^ 


Fig.  ioi.    a,  GUndaUtr  A^^grt  hair  of  lurtim  eoc 
leaf  of  Malatum  macropkyUtk,  BmxtL  ;  c,  cryatal-hair  in  t 

as  far  as  the  cuticle,  which  is  sometimes  slightly  elevated  in  consequencr. 
I  have  demonstrated  the  spirally  thickened  traicheides  in  the  genera  Sonuimtc. 
Chomelia^  Macrocnemum  and  Peniagonia. 

The  meshes  of  the  network,  formed  by  the  veins  of  the  leaf  in  SdMnvr^ 
sabiceotdes,  K.  Schum.,  are  marked  by  paraUel  transverse  lines,  which  are  difiereatly 
orientated  in  each  mesh.  These  transverse  lines  are  formed  bjr  ddicate  vciifeL 
above  the  xylem  of  which  one  finds  a  group  of  tiacheid*lilBe«  spirally  thickened 
prosenchymatous  cells  with  rather  wide  lumina,  which  do  not  however  bdong  to  the 
wood ;  these  cells  certainly  play  a  part  in  the  maintenance  of  the  water-supply.  Thr>' 
are  evidently  homologous  with  the  sderenchyma,  which  elsewhere,  ss  is  wdl  known. 
very  frequently  accompanies  the  vascular  bundles  of  the  veins  of  tbt  leaf  above  sad 
below.  The  spiral  band  consists  of  several  paraUel  strips  of  thickened  wall,  ie.  it 
is  not  simple,  as  in  the  spiral  vessels  of  the  bundles. 

Similar  transverse  hnes  are  found  in  the  leaves  of  Ckomdim  Pokhmtim^  MvIL  Ar|c. 
The  vascular  bundles  of  the  veins,  which  eive  rise  to  them,  however,  ooly  contaii 
sclerenchymatous  fibres  with  thick  walls  and  narrow  lumina  above  the  x^em ;  oolv  is 
their  possession  of  a  distinct  spiral  striation  do  these  fibres  recall  the  above-described 
tracheide-sclercnchyma  of  Sommera. 

The  genus  Macrocnemum  {M.  cinchonoides^  Wedd.,  M.  giahrese§ms^  K.  SchauL. 
and  Af .  roseum,  Wedd. )  has  tracheides  of  a  special  kind.  The  veins  are  here  connected 
by  parallel  elongated  tracheides  having  a  vety  wide  Imnen  and  titun  waDs ;  tbr 
tracheides  are  pointed  at  the  ends  (which  are  devoid  of  perforetioiis),  and  are  pro- 
vided with  a  simple,  very  closely  wound  sjnral  band.  Towards  the  under  ade  ot  the 
leaf  a  small  group  of  soft  bast  or  a  little  sclerenchyma  may  adjoiii  these  trschewtei : 
and  occasionally  they  are  surrounded  by  a  sheath  of  smaD  psieochymatoiis  cefli 
with  thin  walls.  The  tracheides  in  question  may  lometimes  give  rise  to  transpsreat 
lines  on  the  dried  leaf. 

A  very  peculiar  markine,  which  is  likewise  due  to  trschnidss.  Is  shown  by 
the  lower  surface  of  the  leaf  of  Pentagpnia  $paikieaiyMt  K.  Schnm.  The  IttenI 
veins  of  the  first  order  are  connected  oy  numenms  tiansvene  vdns  of  ^ 
size,  running  at  right  angles  to  them.  These  transveiss  veins  aie 
at  an  acute  angle  by  a  system  of  striae,  consisting  of  bwndhi  d 


RUBIACEAE  447 

which  have  the  same  structure  as  those  of  Samnura,  their  walls  being  thin,  thi* 
lumina  not  especially  wide  and  the  spiral  band  composite.  They  lie  close  to  the 
epidermis  on  tne  lower  side  of  the  leaf,  and  hence  the  s>-stem  of  striae  is  noticeable* 
on  that  side  alone  in  leaves  which  exceed  a  certain  thickness.  Exactly  similar 
trachcidcs  occur  above  the  xylem  of  the  vascular  bundles  in  the  veins  of  the  leaf. 
that  IS  to  say.  in  the  same  positioa  as  in  Sommura. 

Fcaturrs  in  the  \*enation  similar  to  those  in  the  genera  just  referred  to  occur  in 
StiipnophyUum^  Tammsta^  HippoUs^  and  Pmuridianika^  according  to  the  statements^ 
of  s\-stemausts.  It  remains  to  be  determined  by  future  investigation  whether 
:rachcid<rs  arc  concerned  in  these  i 


With  regard  to  the  hairy  covering,  it  may  hrst  be  pointed  out  that,  con- 
trail* to  what  Ls  shown  by  the  closely  allied  Caprifoliaceae,  glandular  hairs  are 
entirely  wanting  on  the  foliage  leaves  of  the  Rubiaceae.  It  is  only  on  the 
stipules  that  external  glands  frequently  occur  in  the  form  of  glandukur  shaggy 
hairs.  Their  mucilaginous  and  resinous  secretion  is  frequently  so  abundant 
that  not  only  are  the  young  leaves,  emerging  from  the  stipular  sheath,  coated 
with  resin  (as  a  protection  against  desiccation)  but  even  the  older  leaves  retain  this 
coating  and  appear  as  though  they  were  varnished.  The  glandular  shaggy  hairs 
m  question  mostly  occur  on  the  inner  surface  of  the  stipules.  In  those  species  in 
whu  h  the  stipules  arc  subdivided  into  bristle-like  segments,  the  tipsof  the  bristles 
are  transformed  into  glandular  shaggy  hairs  {Coprosma  Baueriana^  according  to 
Gardiner.  Penias  lanceolaU^  K.  Sch.  and  P.  Sckimperiana^  Vatke).  The  struc- 
ture ot  these  glands  is  m  all  cases  the  same  (Fig.  loi,  A ).  The  central  core  of  the 
elli)>soidal  body  of  the  gland  is  composed  of  a  strand  of  several  rows  of  elongated 
ceUs,  which  parses  over  into  the  short  multiseriate  stalk  below,  and  is  surrounded 
on  all  sides  by  a  la>-er  of  palisade-like  cells,  placed  perpendicularly  to  the  central 
>trand :  the  secretion  Ls  subcuticular  in  origin. 

The  lorms  of  clothing  hair  are  unicellular  and  uniseriate  simple  hairs 
and  tutted  hairs  (the  latter  in  Isertia).  The  unicellular  hairs  are  often 
charactenzed  by  extreme  >hortness ;  as  in  Bouvardia  cardifoiia,  where  each 
epidermal  cell  of  the  upper  side  of  the  leaf  is  produced  into  a  short  hair,  and 
in  PsycJu^tna  rgensis.  and  RusUa  farmosa^  iCl.,  where  they  are  sunk  in 
pits  on  the  leaf -surface,  from  which  they  scarcely  project.  Randia  tetraspcrma 
IS  an  example  of  a  species  possessing  long  unicellular  trichomes.  The  uniseriate 
hairs  var\' in  the  nature  of  their  walls  and  tips,  and  in  the  number  and  length  of 
their  component  cells.  The  pointed  hairs  of  MussatndA  Roxburgkii^  Hook.  f.. 
tor  example,  have  a  thick  external  waU  and  thin  septa ;  the  artio^ted  hairs  ot 
OUrnlanJia  japonica^  Miq.  are  composed  of  rather  long  cells,  those  of  Argosienumm 
sarmrntosufn.  Wall,  of  short  and  rounded  dements.  Amongspedal  formsof  simple 
unicellular  hairs  are  hairs  which  are  curved  like  a  hook  at  the  tip ;  these  occur 
;n  Randia^  according  to  Vesque,  and  play  a  part  in  the  formatioo  of  the  prickles 
on  the  leaf-margin  and  on  the  ribs  of  the  stem  in  spedes  of  Asperulm  and 
f  solium;  also,  secondly,  the  crystal-hairs  of  the  Guettardeae.  Thelatteraresimpk* 
unicellular,  thick-walled  trichomes  with  narrow  or  almost  obliterated  lumina; 
m  the  cell-wall  of  these  hairs  numerous  small  rhombohedral  crystals  of  oxalate  ot 
hme  are  embedded  in  longitudinal  rows.  Such  hairs  are  found  in  all  Guettardeae  * 
which  |x>NseNS  any  hairy  covering  at  all,  and  accompany  ordinary  unicellular 
hairs,  devoid  of  crystals.  If  we  follow  their  development  we  find  that  the 
V  r>'NtaK  nr^t  originate  freely  in  the  protoplasm,  where  they  gradually  attain 
the  ^iiv  that  they  have  in  the  fully-developed  hair ;  suosequently  by  the 
rather  sudden  appearance  of  one  or  two  longitudinal  strips  of  thickening  they 
assume  a  linear  arraogement  and  become  included  in  the  ceD-wall. 

»    Vhcy  hj«T  hem  ob&tn^d  la  tkcMMfm  GmM^rim.  Amtirrk^^  Kk]ftid$tms,  fimktm,  rim^ims. 
''.^: f.'ta .  j  J  c- ) .    -  .-f  mii^muru,  Piol- \  Mtlmmm  aad  LmHftrim  \  aot,  however,  la  Akkttim  ^  •  Timtmnmi 
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The  internal  gfauids  occnning  in  this  Order  are  sdiingenoas  seiieuav 
cavities,  secretory  ceOs  of  diverse  shapes  and  with  various  cootasts,  and  prmhar 
glands  formed  by  a  groap  of  secretory  oeDs. 

Schizogenoos  secretory  cavities,  filled  with  a  resanoos  secretion,  charactenae 
the  ver>'  closely-related  genera  fbuHm^nA  Treumikerm^  and  generaOy  give  rise 
to  transparent  dots  in  the  leaf. 

Amongst  the  secretory  ceDs,  those  may  be  mentioned  first  wfaidi  are  not 
elongated  in  the  form  of  tubes.  In  herfoarimn  materiaL  these  elements  either 
posses5^  resinous  or  brown  tanniniferous  contents,  and  mostly  abo  contair 
mucilage.  The  resiniferous  secretory  ceUs  include  the  following  forms  :  the 
large  secretory  cells,  discovered  by  KadlkoCer  in  the  lower  epidermis  o<  the 
lea?  in  certain  species  of  RMa  (R.  indecara^  Ch.  et  Schl.«  J2.  tmlmnkridet,  Ch.  et 
Schl.,  R,  Rdbun^  Ch.  et  Schl.),  and  giving  rise  to  pellucid  dots ;  the  aeuetui> 
cells  in  the  lower  epidermis  of  all  species  of  Aniko$permum  examined  by  me ; 
the  secretory  cells  of  the  upp>er  epidermis  of  AT^aajr  nosM,  Gaertn. ;  finally,  secre- 
tory cells  having  wide  limuna  in  the  mesophjdl  of  Polysphaenm  pmrvifoUm^  Hiem 
(Stuhlmann,  No.  7002),  quite  recently  observed  by  me.  Secretory  oeili^  filled 
with  brown  contents,  are  found :  (a)  firstly  in  the  leaf  of  PkyOis^  wfaefe  they 
generally  have  the  form  of  branched  cells,  which  are  freauently  united  into 
groups  or  series  ;  (6)  in  the  mesophyll  of  Randia  aculeaia^  L.,  where  they  ionn 
a  middle  layer  in  the  leaf  and  also  occur  as  dilated  cells  in  the  palisade-tiKoe ; 
(c)  similarly  in  the  leaf  of  PUctrania  veniosa^  L.  and  Vanguenm  edmUs^  VaUL 
and,  according  to  Vesque,  also  in  the  leaf  of  Gardenia  Sianieyanm  in  the  form  oi 
enlareed  cells  of  the  palisade- tissue ;  (d)  finally  in  the  bast  of  Cascanllm  magmiftiim^ 
Wedd.,  Vangaeria  edulis^  Vahl,  and  Fadogia  ancylanika^  SchweinL  Their 
distribution  in  the  Order  wiU  probably  prove  to  be  a  rather  wide  one.  The 
mucilage-containing  cells  in  the  mesoph^  of  Penianisia  variabilis^  IIarv.«  and 
Holocarpa  veroniccndes^  Bak.  may  be  classed  amongst  the  short  secretory  oeDs 
(those  which  are  not  developed  in  tubular  form) ;  they  mav  possibJKr  be 
regarded  as  reduced  raphide-sacs  (raphide-cells,  devoid  m  raptudes).  Bon- 
gated  secretory  sacs  have  been  obs«ved  in  Mussatnda^  Iseriia^  Cimekamm^ 
Cascarilla^  Remijia^  Ladtnberpa^  and  Henriquezia.  In  the  species  of  Mu$$mamdm 
thev  are  found  both  in  the  vems  of  the  leaf,  accompanying  the  vascular  bandies^ 
and  also  in  the  pericycleof  the  axis  ;  in  the  latter  they  occur  in  the  form  of  loQg 
cells,  reaching  i  cm.  in  length,  similar  to  hard  bast-fibres.  In  Henriqmatim  they 
have  so  far  only  been  investigated  in  the  petiole,  in  which  they  occur  in  gRMp 
external  to  the  hard  bast.  The  secretory  sacs  of  the  remaining  genera  osoalqr 
occur  in  the  pericycle  of  the  axis,  more  rarely  scattered  in  the  primary  cortex.  In 
Cinchona  they  have  also  been  slK>wn  to  occur  in  the  peti<de  and  veins  of  the  leaf 
(Koch).  Their  length  is  often  very  consideraUe,  as  for  instance  in  Cimekomm^ 
where  the  secretory  sacs  were  formeriy  described  as  laticiferous  vesids»  and  are 
as  long  as  an  entire  intemode,  according  to  Koch ;  they  generally  terminate 
prosenchvmatously  in  the  nodes.  Their  contents  in  the  dry  bark  form  a  ydlowish 
to  reddish-brown,  glassy  or  friable  mass^  often  containing  tannin ;  in  the  liviqg 
plant— at  all  events,  in  the  species  of  Cinchona — the  contents  are  of  the  nature 
of  latex,  according  to  the  concordant  statements  of  various  observers.  The 
distribution  of  the  secretory  sacs  in  the  genera  mentioned  requires  further 
examination  from  a  systematic  point  of  view ;  as  far  as  Cinchona  is  concerned, 
the  secretory  sacs  are  found  ^  in  all  species  of  Linnaeus's  genus  (perhaps  with 
the  exclusion  of  C.  hirsuia,  R.  et  P.),  according  to  Karsten. 

The  above-mentioned  peculiar  internal  dands,  occurring  in  Hderapkyllmam 
pHsttdata^  Hook,  f.,  are  spherical  groups  of  thin-wsdled  celb,  the  brown  contents 


'  Conceniinff  the  dittxibiitioii  of  the  lecictor/  mcs  in  CtmcA^tm  tee  abo  VogI,  1867;  villi  Mud 
to  Kemijia  wc  Miuicboo,  1884. 
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of  which  dissolve  in  alkalis,  the  solution  having  a  carmine-red  coloration ;  the 
glands  are  delimited  from  the  remainder  of  the  leaf-tissue  by  layers  of  cells 
resembling  an  epithelium.  They  constitute  the  vemicose  prominences  on  the 
branches,  on  the  leaf-surface  and  in  the  angles  of  the  crenate  teeth  of  the 
leaf -margin. 

In  connexion  with  the  description  of  the  secretory  organs  the  frequent 
occurrence  of  fat-bodies  in  the  assimilatory  tissue  of  the  dry  leaf  may  be 
mentioned. 

The  mode  of  excretion  of  oxalate  of  lime  is  of  special  value  for  the 
diagnosis  of  the  genera  and  tribes  in  this  Order.  In  this  connexion  it  may 
bo  especially  noticed  that  the  large  rhombohedral  crystals  which,  as  is  weU 
kno>*Ti,  are  abundant  in  many  Orders,  have  only  been  observed  in  very  rare 
cases  in  the  Rubiaceae  (cortex  of  Basanacantha  sfnnosa^  K.  Sch.,  phloem  of 
species  of  Pavetla,  veins  of  the  leaf  of  Gardenia  Thutibergia^  L.  f.).  Small 
rhombohedral  crystak  are  found  in  the  crystal-hairs  of  the  Guettardeae, 
already  discussed  above,  and  in  the  crystal-sclerenchyma  of  PaveUa^  Strumpfia^ 
and  Webrra^  which  will  be  described  in  detail  under  the  structure  of  the 
cortex.  In  addition  to  this,  oxalate  of  lime  occurs  in  the  form  of  raphides, 
styloids,  crystal-sand,  clustered  crystals  and  small  acicular  crystals.  The 
elements  in  which  the  raphides]^are  contained  are  frequently  very  long  sausa^e- 
shajHxi  cells,  especially  those  in  the  mesophyU.  Generally  the  sacs  with  raphides 
also  contain  mucilage,  especially  the  much-elongated  sacs,  which  occasionally 
{Knoxia  corymbosa,  Willa.)  are  several  times  as  long  as  the  enclosed  raphide- 
bundk^s.  Very  short  raphides  occur  in  the  epidermis  of  Aphiorhiza  enarUha^ 
Wight.  Occasionally  the  needles  are  of  considerable  thickness,  so  that  they 
constitute  a  transition  to  styloids.  The  bundles  of  raphides  rarely  (DirichleHa 
ifisi^nis,  Vatke,  MancUia  Lygistum,  Sw.  and  species  of  Otomcria)  give  rise  to 
transparent  dots  or  fine  striae.  In  numerous  genera  styloids  appear  in  place  of 
raphides  or  accompany  them.  The  styloids  rarely  occur  side  by  side  with 
( lustered  crystals  in  the  absence  of  raphides.  The  long  axis  of  the  styloids 
is  occasionally  (species  of  Palicourea)  placed  in  the  direction  of  that  of  the 
palisade-cells  of  the  leaf,  and  if  the  latter  is  sufficiently  thin  the  styloids  give  rise 
to  very  line  transparent  dots  and  a  roughness  of  the  leaf-siuiace,  the  latter 
character  l>eing  perceptible  to  the  touch.  The  sacs  containing  crystal-sand  are 
tK  citsionally  recognizable  by  the  naked  eye  as  bright  dots  on  the  surface  of  the  leaf, 
or  by  their  white  }X)wdery  contents  in  the  cortex  of  a  transverse  section  of  the 
branch  ;  it  should  be  mentioned  that  in  a  few  rare  cases  {Chione  glabra^  DC.) 
the  crystal-sand  occurs  in  the  epidermis  of  the  leaf,  and  that  occasionally, 
when  absent  in  the  leaf,  it  is  to  be  found  in  the  axis  of  the  same  species. 
The  branched  sacs,  containing  crystal-sand,  in  the  leaf  of  Amaralia  and  oertiera 
dosor\e  spxxial  notice.  The  clustered  crystals  vary  in  size  and  shape.  Occa- 
sionally crv'stal-sand  is  found  in  the  same  cell  with  a  clustered  crystal,  as  in 
Sincocrphalus  Russeggeri,  Kotschy.  The  clustered  crystals  of  Supkegyne  have 
sphaerocrystalline  structure.  The  occmrence  of  small  acicular  crysQs  in  the 
lrat-tis>ue  together  with  oxalate  of  lime  in  one  or  other  of  its  forms  of  excretion 
Is  not  rare  ;  as  examples,  Mussaenda,  PUctronia  and  Randia  may  be  mentioned. 

In  the  following  I  first  give  a  review  of  the  mode  of  excretion  of  oxalate  of 
linu*  in  the  several  tribes  of  the  Order  (according  to  the  system  of  Bentham  and 
Hooker) ;  for  the  particulars  of  the  material  on  which  this  investigation  was  based, 
-•i'o  Solcredcr.  1893. 

Tnbc  I.  Nauclcae :  Crystal-sand,  occasionally  together  with  clustered 
I  r\*st.ils. 

Inbr  II.  Cinchoneae  :  Crystal-sand  in  most  genera.  Raphides  in  Bouvawdia, 
fleUfophylLua,  Hindsta,  Hynunopogan,  MansUia,  and  Danais^  in  Hillia  and  Captost^ 
pelta.     Clustered  crystals  and  styloids  (the  Utter  in  the  bast)  in  CrossopUryx, 

•or  KMCur.R  U   g 
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Tribe  III.     Henriquezieac  :  Crystal-sand  in  Henriquesia. 

Tribe  IV.  Condamineae :  Crystal-sand,  occasionally  together  with  clustcw 
crystals. 

Tribe  V.  Rondeletieae :  Mostly  ciystal-sand.  Clustered  crystals  aloae  u 
Greenea  ;  raphides  in  Deppea  ;  no  crystalline  elements  in  Limnosipanea, 

Tribe  Vl.  Hedyotiaeae:  Raphides,  occasionally  together  with  clnstcw: 
crystals  (with  the  exception  of  the  genera  Carlemannia  and  Silvianihus,  which  tuv- 
been  transferred  to  the  Caprifoliaceae). 

Tribe  VII.  Mussaendeae:  Crystal-sand  in  Mussaenda,  Gonzalea^  Sab%cu 
raphides  in  Schradera,  Adenosacme^  Myrioneuron^  Urophyllum,  Coccocypsein^ 
Lecananthus  ;  clustered  crystals  in  Iseriia, 

Tribe  VIII.  HameUcae :  Raphides  in  Hamelia  and  Hoffmannia  ;  cryst« 
sand  in  Beriiera,  Bothryospora,  and  keinsia. 

Tribe  IX.  Catesbaeeae  :  Crystal-sand  in  Peniagonia  and  Sommera  ;  dustexv! 
crystals  in  Cateshaea, 

Tribe  X.  Gardenieae:  Mostly  crystal-sand,  occasionally  together  ^sr^ 
clustered  crystals.  Clustered  crystals  alone  in  Morelia  and  Spkinctantkus.  Occa 
sionally  also  solitary  crystals  (in  species  of  BasanacatUha  and  Gardenia  and  in  tbr 
crystal-sclerenchyma  of  the  genus  Webera,  which  approximates  more  to  the  Ixoreae 

Tribe  XI.     Cruckshanskieae  :    Raphides  in  Cruckshanskia. 

Tribe  XII.  Retiniphylleae  :  Crystal-sand  in  Jackia  ;  no  crystalline  clrmestj 
in  Retiniphyllum. 

Tribe  XIII.  Guettardeae  :  Crystal-sand,  occasionally  together  ^ith  dustercc 
cr3rstals.    (In  addition  to  these,  small  solitary  cr3rstals  in  the  crystal-hairs,  see  abcve. 

Tribe  XIV.     Knoxieae  :   Raphides  in  Knoxia  and  Pewtanisia. 

Tribe  XV.  Chiococceae :  Crystal-sand  in  Chiococca,  Etitkalis,  Ckiane,  at: 
Scolosanthus. 

Tribe  XVI.  Alberteae  :  Crystal-sand  in  Alberta^  Polyspkaeria,  Rhabdostiz^^ 
(with  R,  Kirkii,  Hiem),  and  Nematostylis  ;  small  acicular  crystals  in  AuijcocA\- 
jasntiniflora.  Hook.  f. 

Tribe  XVII.  Vangucrieae  :  Clustered  crystals  and  small  needles  in  PUdra^u 
Fadogia^  and  Vangueria, 

Tribe  XVIII.  Ixoreae  :  Cr3rstal-sand  in  Pavetta  and  Coffea^  sand  and  clusice. 
crystals  in  Sirumpfia  ;  clustered  crystals  and  styloids  in  Myonyma  and  Ixyi 
(Further,  soUtary  crystals  in  the  sclerenchyma  of  Pavetta  and  Sirumpfia.) 

Tribe  XIX.     Morindeae  :    Raphides  in  Morinda  and  DammMcatUhus. 

Tribe  XX.     Coussareae :   Raphides. 

Tribe  XXI.     P&ychotrieae :    Raphides,  occasionally  together  with  stvlo.ds 

Tribe  XXII.  Paederieae :  Raphides  in  Paederia,  Hamiliania^  Leptoditrma 
in  Paederia  styloids  also. 

Tribe  XXIII.     Anthospermeae :   Raphides. 

Tribe  XXIV.  Spcrmacoceae  :  Raphides,  occasionally  together  with  clusir^- 
crj-stals. 

Tribe  XXV.     GaUeae :   Raphides. 

To  this  first  synopsis  a  second  is  added,  which  shows  in  which  genera  the  var-"^- 
modes  of  crystal-excretion  are  found.  Under  each  mode  of  occurrence  the  cvzkt. 
arc  arranged  in  alpliabctical  order.  It  may  be  added  that,  according  to  mv  <i 
lK*ricncc,  in  the  case  of  the  genera  mentioned  under  '  sand  and  clustered  crv-sUA.-- 
and  likewise  in  the  case  of  those  mentioned  under  '  raphides  and  clustered  cr>-$uis. 
the  crystal-sand  and  raphides  respectively  constitute  the  characteristic  featunr.  1" 
may  hapi)en  that,  in  one  or  other  of  the  species  of  the  genera  mentioned  ur.  *> 
'sand  and  chistcred  cr^-stals'  or  'raphides  and  clustered  crystals,'  the  clnstcrc- 
crystals  may  bo  wanting,  and  conversely  that  clustered  crystals  may  be  prrses:  r 
s})ccics  of  the  f:;cncra  mentioned  as  having  sand  or  raphides  only  : 

1.  Crystal-sand  (i.e.  crystal -sand  alone  or  toother  with  clustered  crystals  )i«  rr»u" 
in  the  following  genera:  Adina,  Alberta,  Aliberita,  Alseis^  Amajoua^  Amaraiia,  .•!«:« 
cephaltis,  Antirrhoca,  Basanacaniha,  Bathysa,  Beriiera^  Bikkia^  Bobea,  Botkr\\^s*>'.^i 
liunhellia,  Ca/ycophyiiutn,  Cascaril/a,  Cephaianthus,  Chimarrhis^  Ckiococca^ Cki.^. 
Cfiomelia,  Cinchona,  Cofjea,  Condaminea,  CotUareayDiplospf^a^Doiichoiolnum^Duf:^^ 
l.rithalis,  Elattoapvrmum,  Exostemma,  Ferdinandusa^  rereiia^  Fertuiia^  Gaitnuti 
(icnipii,  Gonzaha,  Giuttarda,  Hcinsia^  Henriquexia^  Hymmodictyan,  Hyphatukrr^ 
Jackia,  Ladcnhcn^ia,  iMUgeria,  Lucuiia^  Mackaonia^  Mmerocnemmm,  Maixnti. 
Mitnostt^ma,  Molopanthera,  Mussaenda^   Mussaendapsis,   Nmudem^    SemoL^shif:. 
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Paveiia,  Peniagania^  Petunga^  Pinkneya,  Poenopus,  Polyspkmeriu^  Portlandim^ 
Posoqueha,  Remiiim^  Rhabdostigma^  Rhyiidohis,  RamUletia,  RnsHa,  Sabicsm^  Smrcoc^- 
pkalus,  Scoiosanihus,  SichingiOt  Sipauea^  Somnura^  Siephegyne,  Strumpfia,  Timumius^ 
Tocoyena,  TricaJysia,  Uncaria^  Viliaria,  Warscewictia,  Websra^  W$ndlamdia^  Zuc- 
cartnia. 

Together  with  the  crystal-sand,  clustered  crystals  were  also  observed  in: 
Aiibertta,  Amajoua^  Basanacantha^  Bobsa,  Chimmrrkis,  Duraia,  Genipa,  Hynrnno- 
dictyon,  Nauclea^  Poganopus^  Portiandia^  Rkytidotus.  Sabicea^  Sarcoc^pkalus^  SUpkB- 
gyns,  Sirumpfia,  Uncaria. 

II.  Raphides  (i.e.  raphides  alone  or  together  with  clustered  crystals  or  styloids) 
(xrcur  in  the  following  genera  :  AdsnosacnUf  AtUkospermwn,  ArgosUmmm^  Aspentia, 
Bouvardia,  Callipeltis^  Carpacoc$,  Chasalia^  Coccocypseium,  CoptosapeUa^  C<mssarea^ 
Crucianella,  Cruckshanskia,  Crusea,  Damnacanihus,  Danais,  Dedieuxia^  DenUUa, 
Deppea,  Diodon,  Dirichietia,  Emmeorhita^  Etnodea,  Faranua,  Gasrtnera,  Gaillonut^ 
Gadium,  Galopina^  Hamelia^  Hamiiionia,  HedyoHs,  Hemidiodia^  H$UfopkyUa$a9 
Hiliia,  Hindsia,  HoHmannia^  Holocarpa^  HousUmim^  Hydropkylax^  Hynunopofom^ 
Kmramischewia^  Keilogia,  Knoxia,  Lasianthus,  Licananihus^  l^epiotUrmis^  Man^Ust 
Mapouria,  Mericartaea^  Mitchella^  Mitracarpum^  Morinda^  Myrioneuran^  Nenax^ 
Nertera,  Octodon,  OldenJandia^  Ophiorhiia,  Ottophora^  Otomeria^  Paederia^  Pagamea^ 
Palicourea,  Pentanisia,  Pentas,  Pentodan,  Perama,  Phyliis,  Plocama^  Polyura,  Pomax^ 
Psychotria,  Psyllocarpus,  Puioria,  Relbunium^Richatdsonia^Rubia^Rudgea^Saprosmat 
Schrad^a,  Serissa^  Sherardia,  Spermacocs,  Spiradiclis^  Staelia,  Triodon,  UropkyUum^ 
Vaiilantia, 

In  addition  to  the  raphides,  clustered  crystals  occur  in  :  Bouvardia^  Crusea^ 
Ihodia,  Emmeorhixa^  Ernodea,  Hemidiodia^  Lecananikus,  Oldenlandia^  Schradsrat 
Spfrmacoce^  Triodon, 

Styloids  arc  found  side  by  side  with  the  raphides  in  :  Adenosacnu^  Mapouria, 
Paeder'ta,  Palicourea,  Psychotria, 

III.  Clustered  crystab  alone  or  together  with  small  adcular  crystals  or  styloids, 
but  not  with  raphides  (see  under  II)  or  crystal-sand  (see  under  I),  are  found  in  : 
Catesbaea, CrossopUryx,Fadogia,Gardenia,ureen4a^ Isertia,  Ixora,  Moreiia^  Myanyma^ 
Pifctronta,  Randia,  Sphinctanthus,  Vtmgu$ria, 

Clustered  crystals  and  styloids  occur  in  Crossapteryx,  Ixora^  Myonyma. 

IV.  Small  acicular  crystals  occurring  alone  or  together  with  anoUier  crystal 
form  (sand,  raphides.  or  clustered  crystab)  have  come  under  my  notice  in  the 
following:  AiJacocalyx^  Chasalia^  Fadogia,  Gaerinera,  Lecananthus^  Mussaendaf 
PUctfoma,  Randta,  Schradera^  Vangueria, 

V.  With  regard  to  the  occurrence  of  solitary  crystab  and  styloids  the  detaib 
have  lx}t?n  already  mentioned  above. 

V I  1  have  been  unable  to  observe  any  crystalline  elements  in  Limnosipansa  and 
Rettntphyllum, 

In  connexion  with  the  discussion  of  the  crystalline  elements  it  may  be 
nuntioned  that  cystoliths  are  absent.  Haeckers  statement  as  to  their  occur- 
Tvncv  in  Exostemma  is  incorrect. 

J.  Structure  of  the  Axis.  The  structure  of  the  axis  has  as  vet  been 
little  investigated  in  proportion  to  the  size  of  the  Order,  so  that  the  foUowing 
reniark*?  can  only  have  the  value  of  a  prehminary  review. 

With  regard  to  the  structure  of  the  wood,  the  essential  data  given  in  my 
•  Holzstruktur,'  and  based  on  the  investigation  of  forty-one  species,  belonging 
to  tlu'  various  tribes',  and  on  Michael's  work,  may  be  repeated.  Every 
anatomical  character  shows  itself  to  be  variable  within  the  limits  of  this 
largf  Order.    Tlic  vessek  vary  in  their  arrangement  and  in  the  sire  of  their 


'  The  genera  in  (jocttion  are :  Namlta^  Umcaria  Naoclcae) ;  Cimkoma^  Cascarilla  (Ctnchooeae) ; 
nU'it.i.  roft:aHdia  (Coodamincae) ;  R9mdeliiia,  IVtrndiandia  (Kooddetieae) ;  Htdyoiu  (HedTOtideae) ; 
f'rof^ky.'u*'!  ( M  auaendeae) ;  Ilamilia  (lIan»Ueae);  Ca/«jA(W«  (Cateibaeeae) ;  GardmU^  Disc9' 
p,tmu*'t  ^(;ar(ienicae>;   Rttinipkyllum   (KeCiniphylleae) ;  AnHrrkoea^  Cuettarda  (Gaettardeae) ; 

/jr#r.}.  ( \ffra  Uorrte) ;  Af^rinda^  Dammoamikms  (Moriadcae) ;  Cfimss^nm,  Faramea  TCoiasareae) ; 
rsy.hctfi.i,  lasiantkms,  Kudgta  (Pqrchotricae) ;  Pmidtrim^  Leff^dtrwHs^  /AiMf/rMM  (Paederieae) ; 
Antiu^  f^rmum^  Xtnax  (Anthoftpenncae) ;  GmltmnOy  Psylittirpms  (Spermacooeae). 

Og2 


452  RUBIACEAE 

lumina ;  the  latter  is  as  much  as  ^07$  mm.  in  Guettarda  viburnoides,  Ch.  c:  >. : 
for  example ;  in  Naiiclea  Cadamba,  Roxb.  it  is  as  much  as  -054  mm.,  in  f~j<:jr, 
magnifolia,V/edd. it  reaches -045 mm., in /f^^yo/is  articular is^R,  Br.  •03mm., ir.-: 
Scolosanthus  triacanthiiSy  DC.  -024  mm.   In  the  vessels  the  size  of  the  bordt- r  o?  ■ 
pits  varies  from  -0017  to  004  mm.  A  delicate  spiral  thickening  of  the  vesst  I-*. 
is  frequently  found,  e.g.  in  Vangueria  infausta^  Burch.     WTiere  in  contact  * 
ray-parenchyma  the  vessel-wall  is  provided  with  bordered  pits.     The  i>tr!  ' 
tions  of  the  vessels  are  generally  simple  throughout,  and  circular  or  elhptii 
shape  (elongated-elliptical  in  tJrophyllum  longifolium^  Wight).      Side  ^y  • : 
with  the  simple  perforations,  scalariform  openings  occur  in  a  large  nurr.:-* 
the    species  *    inveijtigated ;    they  usually  have  few    bars    and    are  rr.r.rr 
to  the  neighbourhood  of   the   primary  wood.     Perforations    with   nurr.':  . 
thin   bars   and  narrow   openings   have   been  observed    in    Psychotria  :»"• 
sioideSf  Schlecht.  and  species  of  Gaertnera-      The  occurrence  ot   scalar::  - 
and  simple  perforations  side  by  side  is  sometimes  characteristic   01  il'  *  - 
species  of  a  genus  (as  in  Gaertnera  and  Pagamea^  but  not  in  Chasalxj,  •).    7 
medullary  rays  are  uniseriate  to  quadriseriate  in  branches  from  herba.-:--. 
material;  Michael  mentions  8-seriate  rays  in  the  ten-year-old   wood  ci  *: 
stem  of  Coprosma  lucidum.   The  ray-cells  are  frequently  distinguished  by  ::  ." 
considerable  height.    The  wood-parenchyma  is  often  but  slightly  devrlo:- : 
it   is   abundant  in  the  species  of  Urophyllum^  Morinda^   and   Retin?th\  '^ 
examined  by  me.    The  wood-prosenchyma  bears  either  bordered  or  -:r. 
pits.    Typical  prosenchyma  with  bordered  pitting  occurs  in  the  inve-::^.' 
members  of    the   tribes  Naucleae,  Cinchoneae,  Condamineae,    Ronrirrlr!  - 
Hedyotideae,  Mussaendeae,  Gardenieae,  Retiniphylleae,  Chiococceae,  Kn  x  ^ 
Alberteae,     Vanguerieae,     Ixoreae,    and     Anthospermeae,     in      Psy:!   .i'' 
among    the    Spermacoceae,    and    in    Lasianthus^    Gaertnera^    and    -Pji." 
among  the  Psychotrieae.     In  the  remaining  genera  •  examined,  the  pittir: 
the  wood-prosenchyma  is  simple,  or  at  any  rate  only  small   indistjr.  :  . 
borders  are  to  be  found.      The  simple-pitted  prosenchyma    is  occ:iy.  r^ 
divided  up  by  thin  partition -walls,  as  in  species  of  Damnacanthiis,  Giw::.'-. 
Hamelia,  Psychotria,  Chasalia,  Rudgea,  Paederia,  Hamiltonia^  Leptodermi- 
The  structure  of  the  cortex  has  been  very  little  investigated  (see  M^ 
Vesque,  J.  E.  Weiss,  and  Douliot).     The  development  of  the  cork  1-  •  ' 
superficial  or  internal.     In  the  first  case,  either  the  epidermis  {Sipan^j  ;-''• 
Exostemma  fiorihiinda,  Cephalanthus  occidentalis)^  or  the  subepidermal  U\- ' 
cells    (Pinckneya   pubens,    Rondeletia   odoraia^   Burchellia    capensis,   G^n 
florida^  Cinchona  officinalis,  and  C.  succirubra,  Ixora  acuminata^  and  /.  ;jt  jr:  . 
or  the  next  internal  cell-layer  of  the  primary  cortex  {Ro^iera  cordata)  K-c  - 
the  phellogen.    As  regards  the  internal  formation  of  cork,  the  follovkinc   -■  - 
may  be  distinguished.     In  Pavetta  indica  it  takes  place  rather  far  towar.i-  " 
interior  of  the  primary  cortex,  in  Pagamea  guianensis,  Aubl.,  in  its  midJl-    ■ 
tion,  in  Coffea  arahica,  Paedcria  foetida,  Leptodermis  lanceolata^  PhvlJn  S    - 
Piitoria  calabrica,  Bouvardia  Jacquini,  and  Serissa  foetida  at  the  external  .  ^. 
of  the  primary  hard  hast,  in  Galium  verum,  L.,  G,  Schultesii,  Vest,  and  A  * 
tinctorum,  on  the  inner  side  of  the  suberized  endodermis.     The  tier-liko 
('  Etagenkork  ')  of  Pavetta  and  Coffea  is  especially  remarkable  ;   in  these  C'  r- 
consecutive  cell-laytus  of  the  primary  cortex  successively  develop  into  j     *» 

'  Species  of  the  following  genera:   Cascartlla^  CinfMona,  Partlandia^  H'emdlamJiJt,  A-t 
Jifu^saetuiaf  Vrophytlum,  Gardtnia,  Ketiniphyllum^  Alberta^  Ix9ra^  Ccfia^  faramia,  i.^sx^x-  ' 
/*fyi/iotria,  Gaert9ura,  Pagafnea^  Chasalia,  Paideria, 

*  Sec  Soleredcr,  iS</j. 

'  These  are:  Ilamelia^  Catesfnua^  Guettarda,  A/orimda,  Dammaeamtkus,  Cpussarea,  fz'^"  - 
/\^y<Ao/rta,  (/nisa/iiiy  Audipea,  /^aeJeria^  I/amiltonia,  Leptodirmis,  CaiUomia  (here  soorr.^^ 
.i^sociatcd  with  ty]>ical  tracheids). 
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cambium,  the  activity  of  which  only  lasts  for  a  certain  time.  As  to  other 
characters,  the  cork-cells  mostly  have  thin  wails  and,  at  the  same  time, 
wide  lumina  {Sarcocepkalus  cordatus^  Mia.),  or  they  are  flat  and  tabular 
(Antirrkota  verticUlata^  DC.,  or  Remijia  Vdlozii^  DC.);  thick-waUed,  usuaUy 
flattened  cork-cells  have  been  observed  in  Hymenodicfyon  excdsum^  WaU., 
Bti^na  hexandra,  Pohl,  and  certain  species  of  Cinchona  ;  sclerotic  cork-layers, 
alternating  N^ith  rows  of  thin-walled  tabular  cells,  have  beien  found  in  ExosUmma 
angustifolium,  R.  et  Sch.  The  primary  cortex  contains  typical  coUenchyma  in 
Ixora  and  Cinchona,  Diffuse  sclerosis  is  of  freauent  occurrence  in  the  primary 
cortex  (Coffea  arabica^  L.,  species  of  Btuna  and  Cinckona),  The  pericyde  has 
a  varied  structure.  According  to  Mdller,  isolated  groups  of  hard  bast  occur  in 
It  in  Coffea  arabica  and  Ixora  acuminata^  Roxb.,  whereas  they  are  wanting  in 
Remijia  VcUuzii.  In  the  pericycle  of  the  genus  Gaerinera^  I  found  either  (a)  a 
continuoas  or  an  almost  continuous  ring  of  sclerenchyma,  consisting  of 
^^clerenchv-matous  elements  elongated  like  rod-cells  and  shortly  articulated,  or 
(6)  isolated  groups  of  sclerenchjina,  consisting  of  rod-cells.  In  the  secondary 
bast  fibres  only  occur  in  rare  cases  (Sarcocepkalus  cordaius)^  rod-cells  and 
stone-cell^  Ix^ng  found  in  place  of  them  (species  of  Aniirrkoea^  Butna^  Exo- 
sUmma, and  Remt]ia),  The  spindle-shaped  sderenchymatous  cells  which  are 
rharacicristic  of  the  true  China  bark,  constitute  a  special  form  of  the  rod-cells 
uf  the  bast ;  the  details  of  their  structure  are  generally  known.  In  connexion 
with  these  rod-cells  the  crystal-sclerench>ina  occurring  in  the  senera  PaveUa 
(but  not  in  the  closely  related  genus  Ixora\  Strump/Ui^  and  Webera^  Schreb. 
(«C/k>wWiJ,  L.  +  Stylocoryne,  W.  et  A.),  hsLS  still  to  be  discussed.  It  may 
Ix*  found  in  the  pith,  in  the  primary  cortex,  and  in  the  bast,  and  consists  of 
is(HiKimetric  or  elongated  cells,  m  the  walls  of  which 
sohtary  crystals  of  oxalate  of  lime  are  embedded. 
In  Pait'ttaCaffra,  Thunb.,  a  study  of  the  devflop- 
nitiu  ha>  >lu>wn  that,  as  in  the  hairs  of  the  Guet- 
tardeae,  the  crystals  originate  in  the  protoplasm. 

Anomalous  structure  of  the  axis  is  rare  in 
thi*  Rubiaceae,  although  the  Order  contains  many 
haiu->.     According    to  Criiger,  the    lianes  which 
grow  in  Triiudad  and  belong  to  the  genera  Chio- 
lOTiii,    HiUia,    Vncaria^    and    simajotia^    possess 
normal  stem-structure.     The  anomalies  occurring 
m  the  Order  consist  in  the  appearance  of  furrowed    ^    f>^  «oj-. 
xylem-massi's  in  s|x?cies  of  Lygodysodea^  Sabicea^    (r^  Bfi«nr 
aiui  Mamitui,  which  have  four  longitudinal  fur-    25£Atl?SrtL^l2ji5tk5rf3 
rows,  according  to  Criiger  (see  also  H.  Schenck    tiie  «ood  left  «iriir,  $ :  a.-OrigMML 
with  regard  to  Afanetiia  luieorubra^  Benth.),  and  of 

secondary  strands  of  wood  and  bast  of  varying  size  in  the  cortex  of  the  stem 
and  in  the  root  (described  as  Radix  Caincae)  of  Ckiococca  racemosa^  Jacq. 
A(  ( ording  to  Criiger,  in  the  stem  of  Sabicca  hirta  the  development  of  furrows, 
.L<  seen  in  a  transverse  section  and  on  the  external  surface,  is  carried  further, 
ina^-much  as  a  splitting  of  the  entire  stem  into  four  separate  strands  of  wood 
and  luLst  sul)sequently  takes  place  along  the  four  furrows  which  were  the 
fir^t  to  apfx'ar  ;  these  strands  grow  in  thickness  at  the  periphery  and  become 
provided  with  secondary  furrows.  The  cortical  bundles  of  Ckiococca  racemosa 
originate  m  the  bast,  according  to  Witte ;  first  a  group  of  vessels  is  formed, 
around  which  a  cambium  ring  appears,  producing  H-oody  tissue  with  medullary 
ray^  internally  and  phloem  externally. 

Note.— .\ccording  to  Treob,  the  tuberous  si»-oUen  tooUkoi  Myrtnecodia^  Caod., 
1  har.ictenicd.  as  is  well  known,  by  a  labyrinth  of  chamben  and  paasagtt,  in 
which  ants  are  always  to  be  foona,  alio  powcM  anomakms  structure.    This  is 
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coxmected  with  the  developvnent  of  the  chambers.  The  primary  diarch  fibro- 
vascular  8)rstem  of  the  root  in  Myrmecodia  does  not  grow  in  thicknew  by  means 
of  a  cambium,  as  in  other  Dicotyledonous  roots.  Instead  of  this*  secondaiy 
vascular  bundles  arise  in  the  parenchyma  of  the  partition-waDs ;  some  of  ^^us 
belongs  to  the  primary  cortical  parenchyma,  while  tne  rest  consists  of  phe" 
formed  in  the  course  ca  the  devdopment  of  the  chambers  ;  the  secondary  i 
likewise  show  no  growth  in  thickness  and  anastomose  freely  with  one  anotaer. 
The  mode  of  formation  of  the  chambers  may  be  shortly  summariied  thna:  their 
development  commences  with  the  repeated  appearance  of  pocket-like  pheMoeen* 
layers  m  the  parenchyma  of  the  tuber  ;  these  correspond  in  position  to  the  sone- 
quent  cavities,  and  give  rise  to  cork  internally  and  pnelloderm  externally ;  finally, 
tne  portions  of  tissue  enclosed  by  the  cork  die  and  give  rise  to  the  chamtiers.  (For 
details  see  Treub,  in  Ann.  du  jard.  de  Buitenxorg,  voL  III,  1883,  p.  129  et  seq*,  and 
PL  XX-XXIV.) 

Utermtnre :  Decaifne,  Gmimnce,  Braiellet,  1837,  77  pp.  sad  loTaK— CrOger,  ia  BoLZcK.  1851, 

Hp.  470  and  490.  Tab.  rii-- Wi|piid«  u  nora  1 856,  p.  678  €l 
ctt-GniniHit,  Berlin,        ~  "  *""        "" 

Haix-  a.  Schlrimabt,, 

ic.  nmt,  wti.  6,  t.  U,  1S75.— DellmNicIc  FlIanienstaclL,  Hamtein,  iSot  ADIl,  Bd.  tt,  f87{,  pp.  JO-7. 
— MoUer,  Holanat,  Denkichr.  Wiener  Akad.  1876,  pp.  45-7  and  541.— De  Bary,  Vcnrt.  Aaot 
1877.— MoUer,  Rindenanat.,  i88a,  pp.  1 39-^1.— Gardbeiv  Glands  ol  Cpfrosmm^  Bot  Clialhi 
1884,  iiy  p.  31. — Planchoa,  Rtmijia^  Jonrn.  de  Phmnn.  et  Ckim.,  1^.  j^  t.  s*  18849  pp.  ^ao  aai 
417  et  i«a.— Volkens,  Sundort  etcx,  Jakrb.  Berliner  Gait,  Bd.  iii,  1884,  pw   I7  et  iei|.»Kocfc, 


Anat.  d.  Gatt.  Cintkama,  Diss.,  Freibarg,  1884.— Michael,  Ban  det  Holzet  der  Rnbiaceen  etc.  Dim., 
Leipzi£,  1885. — Vesqne,  Gamop^talet,  Ann.  sc.  nat.,  wbt.  7,  t.  i,  i88<,  pp.  191-906  a 
Solereder,  Holratr.,  1885,  pp.  150-4.— Witte,  Holz  einiger  liancn.  Dim.,  Ficibaff  n. 


Leipzi£,  1885. — Vesqne,  Gamop^tales,  Ann.  sc.  nat.,  vbt,  7,  t.  i,  i88<,  pp.  191-906  aai  pL  o^— 
Solereder,  Holratr.,  1885,  pp.  150-4.— Witte,  Hols  einiger  Uancn,  UisB.,  Frcibvf  o.  Kid,  ii8i^ 
p.  17  etseq.  and  Tab.— Radlkofer,  Pfl.  mit  dwchs.  ponkL  Bl.,  Sits.-Ber.  MUndi.  Akad.  i88i^p.  319. 


— Eiselen,  Khaphiden,  Diss.,  Halle  a.  d.  S.,  1887.— Volkess,  Aegypt-arab.  Wufte,  1887,  p.  ia4k— 
Haeckel,  CTStolithes  dans  le  genre  ExosUmma^  Bnll.  Soc.  bot  de  France  1889,  p.  400.— ^>oaBOl, 
P^riderme,  Ann.  sc.  nat,  s^r.  7,  t  z,  1889,  pp.  382-7.— J.  E^  Weiss,  Korkbfld.,  Denkachr. 


bot.  Gesellsch.  1800.  separate  copy,  p.  58.— Volkens,  Lade  Blatter,  Sits.*Ber. 

1890,  p.  133. — ^lerccer,  Gaertnereen,  Ber.  dentach.  bot.  Gesellsch.  1890,  GenaaUVi 
p.  70  et  seq.,  and  Hymenocnimii^  Bot  CentralbL  1801,  ii,  pp.  sai-a. — Goebelt  Pii 
Schild.  ii,  1891,  p.  29  and  Tab.  xii. — K.  Schumann,  in  Natiirl.  Pflansenfam.,  iv.  Tdl,  Abt  4,  1891. 
— Schimper,  Indo-malay.  Strandflora,  Jena,  1801,  p.  17.— Solereder,  in  Natiirl.  Pflanireliiia  ,  !▼. 
Tdl,  Abt  a,  189a,  pp.  as  and  a6  et  seq.  and  Anat  Charakt  d.  Rnbiaoeen,  Boll,  de  FHiiMi 
Boisder,  toI.  i,  1893,  pp.  167,  a7o,  and  310  et  seq. — H.  Schcnck,  Aoat  d.  Liaaen,  180^  p|^  143-^ 
and  Tab.  xii.— Russell,  Climat.  mM.,  Ann.  sc  nat.,  wkx,  8,  t  i,  1805,  p.  348.— ^oiUlias  la 
Engler,  Bot  Tahrb.,  Bd.  xdii,  1896,  p.  7o.— Wittlin,  Ozalattasch.,  Bot  CentralbL  1896^  iii^ 
Wanning.  Halofyt  Stnd.,  K.  Danske  Vid.  Selsk.  Skr.  1897,  pp.  187,  195,  S03  and  J34. 

VALERIANEAE. 

Our  knowledge  of  the  anatomy  of  this  small  Order^  consisting  of  herbaceous 
plants  only,  embraces  the  following  facts.  The  leavea  have  bifacial  structure, 
in  so  far  as  they  have  been  investigated  {VaUriana  officinalis  and  V.  Pkm^ 
Centranthus  ruber^  ValerianeUa  caronaia).  The  stomata  possess  no  special 
subsidiary  cells  ;  their  development  follows  the  type  found  in  the  CmciWrae. 
They  occur  either  on  both  surfaces  of  the  leaf,  or,  as  in  VaUriana  offUdmalu,  00 
the  lower  surface  only.  Water  stomata  are  recorded  on  the  leaf-teeth  of 
Valeriana  sambucifolia.  The  hairy  covering  coasists  of  simple  and  glandular 
hairs.  The  former  have  thick  walls  and  are  generally  unicellular,  and  are  either 
short  (Valeriamlla  olitoria)  or  long  and  pointed  (Valeriana  officinalis) ;  occa- 
sionally these  simple  hairs  become  multicellular,  owing  to  the  formation  of 
deUcate  transverse  walls  (Valeriana  sambucifolia).  According  to  Vesque  and 
Grignon,  the  small  glandular  hairs  have  a  uni-  or  multicellular  stalk  and  a 
small  multicellular  head.  Crystalline  elements  have  not  been  obaerved. 
The  deposition  of  a  secretion  in  the  roots  of  the  Valerianeae,  whidi  is 
mentioned  by  Meyen  (according  to  De  Bary)  and  by  Chatin  and  Grignon  espodalBy 
in  Nardostachys  and  species  of  Valeriana^  requires  further  examination.  Ac- 
cording to  Zachanas,  somewhat  elongated  cells,  containing  ethereal  oil  and 
having  suberized  walls,  occur  in  the  subepidermal  layer  of  the  root  of  Valerimmm 
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officinalis.  As  regards  the  structure  of  the  axis  it  may  in  the  first  place  be 
mentioned  that,  according  to  the  statements  found  in  the  literature,  i&t  outer- 
most celMayers  of  the  primary  cortex  are  coUenchyinatous,  that  there  is  a  dis- 
tinct«  large-celled  endodermis,  whereas  hard  bast  is  wanting,  and  that  the 
vascular  bundles  are  separated  from  one  another  by  more  or  less  strongly 
developed  medullary  rays.  The  branch  of  Centrantkus  tuber^  DC.,  which  1 
examined,  showed  a  closed  ring  of  xylem  with  (a)  wood-prosenchyma  bearing 
simple  pits.  (6)  vessels  possessing  scalariform  perforations  in  the  neighbourhood 
of  the  primary  wood  but  elsewhere  simple  perforations,  and  (c)  no  distinct 
ray-parenchyma.  In  the  root  the  development  of  the  cork  is  superficial 
in  I  aUriana  officinalis  and  V.  Phu^  pericycUc  in  VaUrianeUa  coronata  and 
Centranthus  ruber, 

Latcrmtiire:  [Chmtin,  Et.  nr  let  Val^riancet  etc.,  Tbeae,  Vm,  1871,  and  Mte.  Soe.  biol.,  iv, 
187a,  p.  3].— De  Hary,  \tr^\.  Anal.  1877. — Zachariit,  in  Bot  Zeit.  1879,  p.  635. — Gfignon,  Cnnct 
anat.  dc«  Lonic^rin^es  etc.,  Tbeie,  Paris,  1884.— Vcfqw,  Gamop^talet,  Ann.  K.  naL,  i^.  7,  t.  f , 
1885,  p(>.  106-7. — Panncntier,  in  .\nn.  ic.  nat.,  tit.  8,  t  H,  pi.  i8ct  leq. 

DIPSACEAE. 

Oir  information  regarding  the  most  important  anatomical  features  in  this 
OrdtT  IS  chiefly  derived  from  Vesque  and  Grignon. 

The  structure  of  the  leaf  may  be  bifacial  i^cabiosa  columbaria^  &c.)  or  centric 
(Scabiosa  caucasica,  Dipsacus  azureus).  Stomata  usually  occur  on  both  surfaces 
of  the  leaf  and  are  generally  surrounded  by  several  ordinary  epidermal  cells,  more 
rarely  by  three  only ;  in  the  latter  case  the  arrangement  agrees  with  the  Cruciferous 
type,  oiw  cell  l>eiiig  smaller  than  the  other  two.  Hypoderm  is  mentioned  by 
Pfitzer  *t<  (K  curring  in  Dipsacus  sylvcstris.  The  vascular  bundles  of  the  veins  have 
no  sclereiK  hynia ;  they  are  either  embedded  or  vertically  transciurent  by  means 
of  thin-walled  tissue  {Dipsacus).  The  hairy  covering  consists  of  clothing  and  glan- 
dular hairs.  The  former  are  unicellular  and  are  occasionally  (species  of  Dipsacus, 
Knautiii,  and  Succisa)  seated  upon  a  multicellular  emergence  of  varied  length. 
The  glandular  hairs  may  cither  have  a  short  stalk  and  a  head  composed  of  few  cells 
{Dipsiicus  \  Cephalaria^  Scabiosa)  or  a  long  uniseriate stalk  with  a  head  consisting 
of  a  larger  number  of  cells  {Knautia).  In  connexion  with  the  trichomes  we  may 
mention  the  spiny  structures  found  in  Dipsacus^  in  the  formation  of  which  both 
epiciermis  and  jx*riblem  take  part,  as  weU  as  the  glandular  leaf-teeth  of  KnauUa 
cilidta  and  Cephalaria  procera^  which,  according  to  Reinke,  contain  the  termination 
of  a  veiiu  provided  vnxh  epithema,  and  surmounted  by  a  few  stomata.  Oxalate 
of  lime  ha.s  been  met  with  in  the  leaf  and  axis  of  certain  species  in  the  form  of 
clustered  crystals.  Of  secretory  elements,  sacs,  which  have  wide  lumina  and  are 
considerably  elongated  in  the  vertical  direction,  are  the  only  form  known ;  they 
occur  in  the  pericycle  of  the  axis  (Grignon  and  Van  Tieghem)  in  Dipsacus 
fullonum,  D.  sylvcsiris,  D.  Gmclini^  and  other  sp)ecies. 

With  regard  to  the  structure  of  the  axis  in  Dipsacus  laciniaius^  L.,  and 
^Mii'iMi  praUnsis^  Moench,  the  following  facts,  based  on  my  own  observations, 
niii y  1h>  ment  ioned.  The  transverse  section  shows  a  closed  ring  of  wood  and  bast, 
tra\  er^e(i  by  uniseriate  or  biseriate  medullary  rays  and  separated  from  the  pri- 
mary cor te.x  l>y  a  suberizcd  endodermis.   Bast-fibres  are  absent.  The  xylem-mass 

'  The  ^'lAndular  hairt,  which  occur  00  Uie  inner  tnifmat  of  the  water-reccpcadei,  formed  by  the 
leaf  <hrath»  in  IHpsoiui  syJvistris  and  other  ipedet  of  Dipsmnu,  bear  ctuioot  smaU  bodies  of  nmnded 
^ha(x>  mi  their  sarfaoe  ;  theie  give  riie  to  numcioni  long  thieadt,  which  perform  Tarioot  movements 
with  ^*rrat  enen:T,  when  placed  in  a  nitable  mediom.  According  to  Cohn  and  Chodat,  the  tmaU 
(•odic^  and  thretilt  in  Question  are  leuetoiy  formatioot,  bnt  this  is  contrary  to  the  view  of  Darwin, 
>ftbo  attriNutett  a  protoplasmic  natwe  to  them  (tee  Chodat,  Arch.  k.  phyb  ct.  aat.  de  Gcnivt^  189s, 
p(k.  H4^  an<l  1 16  and  Hate,  as  well  as  the  earlier  Utcfalim  dted  thcvt). 
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in  addition  to  the  medullary  rays,  with  cells  more  or  less  strongly  elongatcii :: . 
axial  direction,  contains  the  following  elements  :  (a)  vessels,  the  perior^t:  v 
which  are  scalarif orm only  in  the  neighbourhood  of  the  primary  wood  (ex:?:: 
Succisa  where  such  perforations  occur  to  some  extent  also  in  the  secondan*  ^  ■  •: 
elsewhere  they  are  simple  and  of  elliptical  outline ;  and  (6)  wood- prosen ::.>"".. 
which  has  rather  thick  walls  and  bears  simple  pits  in  Dipsacus^  whilst  it  i-.: 
the  most  part,  provided  with  distinct  bordered  pits  in  Succisa.     Accor^:::: 
Vesque  and  Douliot,  the  cork  is  developed  subepidermally  in  Knautia  >>.-.: .  1 
in  the  pericycle  in  Dipsacus  and  Cephalaria,    Lastly,  we  may  menti:'  *. 
girdle-like  connecting  strands,  which  Hanstein  demonstrated  in  the  nod.' 
Dipsacus,  Knautia,  Scabiosa,  and  Succisa, 

Literatnre:  Hanstein,  Giirtelf.  Strangverbind,  Abh.  I^rliner  Akad.  1857. — Pfitzer,  m  \r.; 
heim  Jahrb.,  Kd.  viii,  187a,  p.  61. — Suckow,  Pflanzcnstach.,  Diss.,  Leipzig,  187^ — WVj  -^ 
Pflanzenstachcln  y  in  Hanstein,  Bot  Abh.,  Hd.  ii,  1875,  p.  49. — Keinke,  SeKretioasorj;.,  IriL^"*!^ 
Jahrb.,  IW.  x,  1876,  p.  151.— De  Bary,  Vergl.  Anat.,  1877. — Grignon,  Caract.  anat.  dc»  l.ui..rr-- 
etc.,  These,  Paris,  1884. — Van  Tieghem,  in  Ann.  sc.  nat,  s^r.  7,  t.  i,  1885,  p.  ai. — Ve*iM.  1:1 
p^tales,  Ann.  sc.  nat.,  ser.  7,  t.  i,  1885,  pp.  207-9  ^'^^  P^*  9- — Petit.  Petiole,  Mem.  Soc.  '.  :-•. . 
nat.  de  Bordeaux,  ser.  3,  t.  iii,  1887,  p.  376  and  pi.  vi. — Dooliot,  PMdenne,  Ann.  sc.  z.ii.  *■  " 
t.  X,  1889,  p.  396. — Hoeck,  in  Nat.  Pflanxeniam.,  iv.  Teil,  AbL  4,  1891,  p.  184. — Hert>»:,  Mrij- 
Bot.  Centralbl.  1894,  i,  p.  405. — ^Russell,  in  Ann.  sc.  nat.,  ser.  8,  t.  i,  1895,  p.  347. — i.*ire^-...L 
Engler,  Bot.  Jahrb.,  Bd.  xxiii,  1896,  p.  68. — [E.  Cacace,  Contr.  alio  stod.  d.  Dipucee  r-  -■■ 
R.  orto  bol.  di  Napoli  1898,  12  pp.] 

CALYCEREAE. 

At  the  present  time  there  are  scarcely  any  statements   to  be  ioiir :  . 
the  Uterature  with  regard  to  the  anatomy  of  this  small  Order,  which  >  '  " 
closely  related  to  the  Compositae.     On  the  basis  of  investigations  on  Aji.i'" 
spathidata,  R.  Br.  \  and  Boopis  spathidata,  Philippi,  it  may  first  be  p-nn:.-: 
that  both  internal  secretory  receptacles  and  external  glands  are  ab^en:.  -- 
that  the  stomata,  which  occur  on  both  surfaces  of  the  leaf  in  the  tWi»  ->. 
named,  have  no  special  subsidiary  cells,  but  are  surrounded  by  an  in«i-  .r 
number  of  neighbouring  cells.     A  transverse  section  of  the  branch  ot  A:u^r', 
shows  a  circle  of  vascular  bundles,  surrounding  a  pith,  which  consist-  • :  -' 
lignified  parenchyma  containing  abundant  clustered  crystals  ;     the  bu:  i 
are  separated  from  one  another  by  rather  broad  medullary  rays,  lignin-  : 
the  internal,  unlignified  in  the  external  portion.     The  wood  contains 
vessels    with    rather   wide   and   rounded   lumina,    simple    perforations   - 
l^ordered  pitting  on  those  parts  of  their  walls  which  are  in  contact  with  p^r. 
chyma  of  the  medullary  rays  ;  (h)  wood-prosenchyma  which  has  rather  a. 
lumina  and  fairly  thick  walls,  and  bears  simple  pits  ;  secondary  medullars  r^ 
are  wanting.    To  the  exterior  of  the  phloem-groups  strands  of  sclerench\"n:.:: 
elements  resembling  rod-cells  are  present,  intenningled  with  cells  resembi;:- 
bast-libres.     The  primary  cortex  is  rich  in  clustered  crystak. 

COMPOSITAE. 

I.  Review  of  the  Anatomical  Features.  The  following  features  -■ 
characteristic  of  tliis  Order :  the  superficial  development  of  the  cork :  the  >ir:.\. 
perforations  of  the  vessels,  side  by  side  with  which  scalariform  pcrforatior.';  r-- 
occasionally  apixiar  in  smaller  numlxjrs ;  the  simple  pitting  of  the  wood-pr*-:r 
rhyma,  which  is  occasionally  septate;  the  absence  of  oxalate  of  limeorit>e\.r^ 
tioii  in  tlie  form  of  small  needles,  small  octahedra,  and  smaU  prisms  (rarely  i?.  t"^ 
torni  of  the  ordinary  large  rhombohedra  or  of  clustered  crystals) ;  and  the  lv:-: 

'  Cf.  Warming.  Halofyt-Stadicr,  K.  iJanskc  Vid.  Selik.  Skr.  1897,  pp.  196-7.     In  *!.:  : 
mntcrial  ot  the  leaf  sphacro-cr}-stal5  have  been  observed. 
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fence  of  inulin.  The  stomata  are  surrounded  by  three  or  more  epidermal  cells. 
Thr  varied  differentiation  of  the  internal  secretory  organs  is  important  for  the 
sulxiivision  of  the  Order.  Schizogenous  resin-canals,  which  originate  in  the 
root,  leaf,  and  stem  by  the  division  of  endodermal  cells,  are  found  (at  any  rate 
in  the  root)  to  be  widely  distributed  in  the  Tubuliflorae,  and  also  occur  freauently 
in  the  Labiatiflorae  and  in  a  few  Cichoriaceae  (root  of  Scorzonera  and  Scciymus), 
In  addition  to  the  endodermal  resin-canals,  others,  situated  in  the  pith  or  in  the 
primary  cortex,  appear  in  certain  s|x?cies  belonging  to  these  groups  ;  additional 
resin-canals  arise  in  the  secondary  bast  of  stem  and  root,  and  occasionally  also  in 
the  wo<xi  of  the  root  in  species  |K>ssessing  secondary  growth.  Secretory  cavities 
have  lK*en  met  with  in  the  leaves  of  the  genera  Bigdovia^  Pectis^  Porophyllum^ 
and  TageUs  ;  elonf:^ated  secretory  cells  occur  in  the  genera  Carduus^  Carlina, 
(  irsium.  Lappa,  Silybum,  and  Vrrnonia.  Ju^t  as  the  resin-canals  are  distinctive 
of  the  Tubuliflorae,  the  laticiferous  vessels  are  characteristic  of  the  Cichoriaceae. 
I*rimarily  these  laticiferous  elements  form  two  separate  systems,  of  which  one 
is  Mtuated  in  the  primary  bast  of  the  root,  being  developed  on  the  inner  side  of 
the  f^ouf^of  sieve- tul>es,  whilst  the  other  belongs  to  the  pericycle  of  the  stem. 
.\mongst  the  Tubuliflorae  laticiferous  tulles  are  known  in  the  genus  Gunddia 
only.  The  hairy  covering  consists  of  clothing  and  glandular  hairs.  The 
rlothini*  hairs  ari'  generally  uniseriate  and  occasionally  form  the  starting-points 
from  which  a  silicitication  of  groupis  of  epidermal  cells  proceeds ;  they  are  more 
larcly  lusiriate  or  multiseriate  (shaggy  hairs,  frequent  in  the  Cichoriaceae).  The 
lollowiii^  are  sj)ccial  form>  of  the  uniseriate  clothing  hairs :  those  in  which  the  long 
terminal  cells  are  narrow  and  (levelo|)ed  in  the  form  of  a  whip  (in  numerous  genera, 
srr  sjHvial  part)  ;  two-armed  hairs  (sp>ecies  of  Anihcmis^  Artemisia^  Chrysan- 
thnnum  iiicl.  Balsamita,  OUaria,  Pyrethrum,  Santolina)  ;  stellate  or  small  scale- 
hkf  tru  homes  with  a  unicellular  terminal  iwrtion,  develo|K*d  in  a  radiate  or 
MaK-like  form  (Kremanthus,  Hicracium^  olearia^  Piptocarpha),  A  specially 
I  <inai  kable  varirty  of  shaggy  hair,  j^osst^ssing  a  two-armed  terminal  cell,  has  been 
o!)sorved  in  Picns.  The  glandular  hairs,  which  are  widely  distributed  in  the 
Oiiin,  are  }H>lymorphic.  Bladder-like  external  glands,  with  a  short  stalk  and 
an  ellipsoidal  biseriate  head,  are  nu>st  abundant.  The  following  special  or 
anomalous  structural  featun^s  of  the  axis  occur  :  the  appearance  of  a  furrowed 
xyleni-mass,  similar  to  that  of  the  Bignonieae  (undetermined  stem  of  H.  Schenck's 
No.  jW),  Mtkania,  HiJcns) ;  .4ns/o/ot7ii<j-structure(in  Mikania  2LnABidens)\  the 
toi  Illation  of  secondary  bundles  of  wckxI  and  bast  (s|)ecies  of  Coreopsis^ Mikania 
and  Kin 9: til,  also  Dahlia  impcrialis) ;  the  occurrence  of  medullary  groups  of  soft 
bast  oi  of  nu'dullary  vascular  bundles  (in  numerous  Cichoriaceae,  and  in  species 
ot  iiunddui,  Hdt'fiium,  and  OMiscaria),  and  of  cortical  vascular  bundles  (species 
«»t  Amtfiobium,  Ccniaurca,  Gunddia^  Hdenium^  and  Senccio). 

z.  Speci.m.  Anatomical  Diagnosis.  Owing  to  the  great  extent  of  the 
<  >i  clrr  our  knowledge  of  the  anatomical  features  is  still  imperfect.  The  following 
^ubjix'ts  will  be  considered  in  the  order  given  :  the  hairy  covering,  the  internal 
-t  1  Mtory  receptacles  (oil-canals,  oil-cavities,  laticiferous  vessels,  and  secretory 
y  t  lU).  the  mode  of  excretion  of  oxalate  of  Hme,  the  little  that  is  known  about  the 
stiiii  ture  of  the  leaf,  and  lastly  the  structure  of  the  axis. 

1  he  hairy  covering  is  rather  varied,  and  consists  of  clothing  and  glandular 
h.iii^.  The  clothing  hairs  are  either  uniseriate  or  comix^sed  of  two  or  more  rows 
'!  »rlls  (shaggy  hairs  in  the  second  case).  Unicellular  clothing  hairs  are  not 
unudrd  in  any  memlx'r  of  the  Order*.  The  uniseriate  trichomes  in  the 
sunpli'st  c;ls4'  consist  of  cells  that  are  all  similar  to  one  another,  except  that  the 
ttiniinal  rvlls  are  |>ointed  or  rounded  off  (Taraxacum  officinale^  Ckondrilla 

'  With  the  exception  of  the  latidferooi  hurt  of  the  Cichoriaceae,  which  will  be 
Luuiinioo  with  the  laticileroni  tubes 
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juncea,  &c.).  Special  forms  arise  from  the  basal  cells  (stalk-cells)  being  sbrn. 
whilst  the  terminal  cells  are  elongated.  To  this  type  of  trichome  bdout 
firstly,  those  forms  in  which  the  basal  and  terminal  ceUs  are  of  the  sack 
breadth,  and  the  terminal  cells  lie  in  the  same  direction  as  the  stalk-celrL 
e.g.  trichomes  with  several  terminal  cells,  placed  in  a  row,  found  r»T 
Vuillemin  in  species  of  Bellis^  Inula^  and  Doronicum ;  and  further  thchooo^ 
each  with  a  single  terminal  cell,  observed  by  Vesquc  in  species  of  Palafoxu, 
Catananche^   and    Vernonia^    and    by    Vuillemin   in    Matricaria,     In   thesi 


Fig.  103.    Hairy  covcrinji:  of  the  Composiue :  A,  Caiananck^  cftrttha.  L.    ■,  Ctrm'mmi  tmmnmiMium   xh 
c.  Carlina  i-ulj^arts,  L.    D,  Oiearia  sttllulaim,  DC.    B.  ZMik9fn>im  mmtUemmNM^  Boiaa.     p.    f  1  Mmi%U  Mm- 
tkium,  L.    G,  Mikania  pubescens^  Nott.    H,  CkrytmMHuwuum,  eintrmria^oUMm^  Vk.    j,  Atkiihmj ' 
st'ma,  Schaltz  Bip.     k,  hypochaeris  athutuis^  Benth.  et  Hook.    L,  Plarit  coromtpifiUm^  DC.     I 
picrotdes,  F.  W.  Schmidt.    N,  SpHantkes  oUracrn^  L.  (florml  rr|noa).    o,  fmrtmm  Sca^iUm^  L^-^ 
Vesque ;  B,  J  and  L  after  Volkcns ;  G,  H  and  M  after  Vofel;  c,  d,  P  mad  M  OrifiaaL 

latter  we  meet  with  minor  modifications  which  concern  the  stmcture  of  thf 
cell-walls ;  thus  in  Catananche  (Fig.  103,  i4),  for  instance,  the  four  basal  i>!> 
have  thin  wall.<;,  whilst  the  terminal  cell  is  thick-waUed  and  has  a  narrom 
lumen  ;  again  in  six'cies  of  Vernonia  the  terminal  cell  has  thin  walls  and  the 
stalk-cells  thick  walls  (Vesque),  and  so  on.  According  to  Volkens,  the  trichoiDf> 
of  Brocchia  cincrca.  Vis.  differ  from  those  just  discussed  in  the  possession  '^^ 
a  long,  thin-walled  terminal  cell,  which  is  placed  at  an  angle  to  the  stalk, 
and  a  few  short  basal  cells.  In  the  trichomes  already  mentioned  with  ^' 
elongated  terminal  cell,  the  stalk  and  terminal  cdl  are  of  wntorn: 
breadth ;  in  another    type  of   hair,   which  is  very  widely  distriboted.  thr 
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terminal  rt  11  is  much  narrower,  asually  verj*  long  and  frequently  curled 
like  a  \a>\\  :  it  is  seated  on  a  broad  uniseriate  pedestal,  which  is  like 
the  haniile  of  the  whip.  The  cobweb-like  hairy  covering  of  the  leaves  of 
rnanv  Compo<itae  consists  of  tnchomes  of  this  kind.  They  are  mentioned 
by  Vi'^que  a-^  <KCiimng  m  species  of  Anandria^  AnUnnaria^  Cineraria^  Cirsium 
(Fic  m?.  B),  Pt'tastUs,  and  Serratula.  by  Volkens  in  species  of  Atrac- 
.'v/f*,  Arwmistd,  Echinop^,  //^^/EJJ.  Phagnalon,  and  Pulicaria^  by  Vuillemin  in 
^Ptrif^  (»!  AihtlUa.  Anihemts.  Carlina,  Gnaphalium^  Helichrysum,  Silybum^  and 
Trxp'lium,  In*  Gnpnon  in  Ceniaurea,  Cynara^  and  Lappa.  The  terminal  cell  of 
tht-M'  haifN  whrii  mature  is  always  dead.  Differences  occur  in  these  tnchomes 
wit  I)  rtcard  to  tht»  structure  both  of  their  basal  |X)rtion  and  of  the  terminal  cell. 
In  this  connexion  it  may  be  mentioned  that  the  lumen  of  the  terminal  ceU 
may  U'n>mr  confined  to  the  lowest  |x>rtion  oi  the  hair,  the  remainder  being 
almost  »oni}»kti.ly  solid  (\'olkens)  (e. p.  in  Echinops  spinosus^  L.,  or  Puiicaria 
unduLitsi,  IH  .),  whilf*  m  othtr  ca>es  (e,  g.  in  PctasiUs)  the  terminal  cell  has  thin 
walK  an«l  i«*  tilled  with  air;  lurther,  in  Carltna  vulgaris,  L.  (Fig.  103, C)  the  upper 

•  ril  ot  thf  iMrrllular  "^talk  is  broadened  out  above  in  the  shape  of  a  club  and 
jirtKlii.  til  .ijurally  into  4-^  {kipiUao.  which  are  bent  inwards  and  embrace  the  base 
ot  thr  ttrn^iiial  rtll.  Thi-  aN)ve- mentioned  tnchomes  of  Brocchia  cinerea  form 
.1  tr.iii-itn'n  ti»  t!if  two-armcd  haii^  whii  h  have  bet-n  oliser\-ed  by  Hildebrandt, 
\'t'-qui\  Vnlktn-.  and  \uillrmin  in  <}xtMes  oi  Anthcmis,  Artemisia  (Fig.  103,  F), 
f'hr\s.ir,:h<tnum  (iru  1.  Hahdmitii  and  Pyrethrum),  and  Tanacetum^  and  by  myself 
m  >.n;;.  .iim  (  hjttuwcsparwbus,  L.  (contrar\'  to  Vuillemin's  statement  regarding 
thi-  -I'M  1.-.^  (>.'c\iri.i  ATi:*'ph\Ua,  F.  v.  Mudl.  and  O.  viscosj,  Benth.  The  stalk 
ot  tl:i  -f  Mai:  i^rliian  hairs  consists  of  a  row  01  cells,  whereas  the  terminal  portion, 
wl.i.  i;  Kj.i-  « <iual  IT  unequal  arm>.is  unicellular.  Closely  related  to  the  two-armed 
hair-  .i."f  t!;i  -t,  Halo  hairN  and  the  >mall  scalc-hke  structures  of  the  Compo- 
-itat- :  xh>  :i  latum  !>  indicated  l«y  the  tact  that  one  tinds  the  two  types  of  hairs 
witL::i  ti.f  -ame  c«'nu>  (C/cMriti),  accordint;  to  my  observations,  as  well  as  by  the 
^iirn-  "I  tran-^itional  torm>  Ix^tween  the  two-armed  hairs  and  the  stellate  tN^pe  in 
.S.i»:.'  .PM  (  fhitfijt\\pitns>u^,  3L>  '^hown  by  the  occurrence  oi  local  protrusions 
on  !•!•  ciTir.^  nt  its  hairs.  In  i'orie^i«ondence  with  this  relation  the  stellate  and 
jvlr.tti-  li.iir-'  ot  the  ('ompf»>itae  consist  of  a  uniseriate  stalk  and  of  a  terminal 
le!!.  mJ.k  li  1-  '^tellaiely  branche<i  or  developed  xs  a  small  scale.  To  this  type 
Nli  1.1:  {].'■  -trllate  hairs  ot  the  s|H'cies  ol  Huractum  with  a  ihin-walled  terminal 
tell,  rli.i-t  «"i  (VcVfM  i^U'ihiLita,  IX.  (Fig.  103.  D).  with  a  thick-walled  ray- 
|>«'r.  li.  ,ir:.i  till  ^-inall,  scale-like  >tructure>  of  Ercmanthus  incanus^  Le>s., 
Pir:  Afrr.t  n:,i.r  r  j.i.  Hak.  and  /*.  Lechlcri^  Bak.  The  candelabra- hairs  of 
/l>;.;r  ../.'.f  -iKu.iLi,  de-^cnbed  by  Vuillemin,  may  Ixr  interpreted  as  a  modification 
"1  !":.'  -tr  ii.ite  li.iirs  in  question  ;  here  the  upper  jwrtion  of  the  trichome  consists 

•  >!  -  vt T.i!  -tellately-l»ranche<i  cells  placed  one  above  the  other.  According 
ti»  K.vi!«r.  MM  lured  candelabra-hairs,  i.e.  such  as  possess  only  two  stellately- 

l:!!r!-  !;ti.ir.  1  » ells  N'M(le>  the  >talk,  occur  in  Hieracium  {H.  aurantiacum^  L.. 

II.  1  //  /*:/  N:.V.i.  L).  Finally,  we  may  mention  the  bladder-hke  tnchomes 
ijI  A'.:  hif.iui  uk^icuhj,  Koth,  and  Zoliikoferia  nuJicattlis.  Boiss.  (Fig.  103,  £), 
n|  ■. : '. .  i  I  V  \ilkt  lis,  in  which  a  uniseriate  stalk  of  varied  length  ls  crowned  by  a 

j!  •  ':'  .1! . !  li;  th  -e  hairs  are  not  glandular,  but  are  probably  nch  in  cell-sap.  The 
'Ji  1J..A  '  r  nuilTiN.-ri.ite  hairs  are  sjxx'ially  widely  distributed  m  the  Cichoriaceae; 
:iv»:.    r.iT'Iy  they  txrcur  el^^ewhere,  as  in  Cirsium.  according  to  Wunderlich. 

r?.'  V  !  :!:i  -IrTiiir.  bn»adly  conical  or  wart-like  structures  and  coasist  of  a 
v.i-      !  i.iii:!^:  ni  ■  ell-ruws.     Sj»ecial  forms  ot  these  shai:t:y  hairs  are  :  {a)  the 

!•■:.  i-  r  ir:  lii»mf"-  i»i  the  s|iccies  of  Htrractum  or  of  Hypochiwrts  aetnensis,  Benth. 

♦  t  H.«  k    jFil'.  X'V'm  a*),  m  which  the  epidermal  cells  of  the  hair  are  somewhat 

♦  !<■:  ^'  ir-  i  .ind  ;  Mjen  in  a  ]>apilIosc*  manner  at  their  up|vr  ends  :  (fr)  the  shaggy 
ha:i  >  n!  /'i.Tiv .  r^'m»pt/c*ita,  IX'.  (Fig.  103,  £),  which  have  a  two-armed,  anchcNr- 
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shaped  terminal  cell ;  (c)  the  well-known  forked  shagey  hairs  of  LeofUoiom 
hastilis,  L.,  the  2-3  uppermost  cells  of  which  are  radilUy  produced ;  and  Id) 
the  broadly  conical  shaggy  hairs  of  Urospermum  picraides^  &hmidt  (Fig.  103,  M)^ 
which  are  crowned  by  a  small  pointed  cell.  In  the  floral  parts  the  shaggy  hairs 
undergo  a  peculiar  reduction,  inasmuch  as  they  often  consist  of  two  cdls  only, 
united  by  their  longitudinal  walls  (Fig.  103,  N), 

External  glands  are  widely  distributed.  They  are  frequently  depressed 
below  the  leaf-surface,  and  then  occasionaUy  give  rise  to  pelludd  dots  {Ageraium 
conyzaides,  L.,  Baccharis  Douglasi%  DC.,  Mikania  scandens^  Willd.).  Structurally 
they  are  either  glandular  hairs  with  a  uniseriate  stalk  of  varied  length,  or  glan- 
dular shaggy  hairs  with  a  multiseriate  st^dk  ;  in  some  cases  they  are  probably  of 
the  nature  of  glandular  emergences.  The  head  varies  in  shape  and  is  variously 
constituted,  being  generally  irregularly  subdivided  by  horizontal  as  well  as 
vertical  walls.  According  to  Martinet,  the  glandular  shaggy  hairs  occur,  for 
example,  in  species  oiAnaryala,  Calendula^  madia^  HieradutHy  Sonchus^  Sieges- 
heckia,  and  Tripieris ;  the  structure  of  the  head  in  Andryala  sinuaia  must  be 
specially  mentioned,  since  its  epidermal  cells  are  produced  in  the  form  of 
papillae.  Short-stalked  glandular  hairs  (Fig.  103,  o,  H)^  the  head  of  which 
consists  of  two  rows  of  cells,  form  a  special  type  of  external  glands,  occurring  in 
very  many  cases  (species  of  Anthemis^  Artemisia^  AsUriscus^  Baccharis^  BMa- 
mita^  Brachylaena^  Lephalophara^  CostnophyUum^  Conodinium^  Ckrysanikemum, 
Francoeuria^  Gnaphalium,  nelianihus,  Inida,  KUinia,  Lap^a,  Mikania^  Olearia, 
Pulicaria^  Pyrethrum^  Symphyopappus,  Tanacctum^  and  Aanihium).  It  is  an 
interesting  fact  that,  according  to  Vuillemin,  these  biseriate  glands  are  orien- 
tated on  the  stem  in  such  a  way  that  the  dividing  waU  between  the  two  rows 
of  cells  is  either  re^arly  placed  in  the  transverse  plane  of  the  stem  (spetdes  of 
Anthemis^  Artemisia^  BcUsamita,  Lappa^  and  Pyretkrum),  or  in  the  raidial  plane 
{Inula,  XatUhium),  In  addition  to  the  glands  with  bisenate  heads,  Vuillemin 
also  observed  unisenate  (in  species  of  Cynara  and  Echinops)  and  (}uadriseriate 
heads  (Doronicum).  The  secretory  organs,  observed  by  Volkens  m  species  of 
Artemisia,  Achillea,  Brocchia,  and  CetUaurea,  may  be  added  to  the  list  of 
external  glands  just  discussed ;  the  organs  in  question  consist  of  one  or  more 
cells,  which  are  slightly  depressed  below  the  level  of  the  neighbouring  epidermal 
cells  and  have  thinner  external  walls  ;  the  secretion  collects  below  the  cuticle, 
which  is  swollen  like  a  bladder.  The  peculiar  laticiferous  hairs  of  the  Cichoriaceae 
will  be  mentioned  in  connexion  with  the  description  of  the  laticiferous  vessels. 

Occasionally  the  glandular  hairs  extrude  so  much  secretion  on  the  surface  ol 
the  leaf,  that  the  latter  has  a  varnished  appearance.  Such  varnished  leaves  are 
recorded  by  Volkens  in  species  of  Bacckans^  Brachylaena,  Eupatorium,  GocknaUm, 
Helianihus^  Haplapappus^  Olearia,  and  Symphyapappus.  The  external  glands,  to 
the  agency  of  which  this  phenomenon  is  due,  are  in  many  cases  the  bladder-like 
biseriate  glands,  a  number  of  which  are  arranged  together  in  groups,  inter- 
mingled with  peculiar  uniseriate  whip-like  hairs.  "Die  varnished  leaves  of  Venumim 
viscidula.  Less,  and  Celmisia  vemicosa.  Hook.  f.  do  not  owe  their  appearance  to 
external  glands.  In  the  former  plant  subepidermal  idioblasts,  filled  with  resin,  are 
perhaps  the  cause  of  the  coating  of  vamisn ;  the  latter  possesses  a  cuticle,  which 
exfoliates  readily  and  is  covered  with  a  thin  stratum  of  varnish. 

At  this  point  we  may  notice  the  glandular  excretions,  occurring,  according  to 
Reinke,  on  tne  leaf-teeth  of  Mulgedium  macropkyllum,  Tussilago  Jragrans,  Aster 
Novae  A  ngliae,  &c, ;  these  excretory  organs  contain  mucilage-bearing  cells  and 
usually  also  the  termination  of  a  vein,  whilst  they  are  crowned  by  a  group  of 
water-pores. 

Schizogenous  resin-canals  are  found  only  in  a  certain  number  of  theCom- 
positae ;  they  are  very  widely  distributed  in  the  Tubuhflorae,  are  not  so  common 
in  the  Labiatiflorae,  and  only  occur  in  a  few  Cichoriaceae.  Generally  they 
traverse  the  stem,  leaf,  and  root.    In  all  these  organs  of  the  {dant  they  are 
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chiefly  of  endodermal  origin,  as  Sachs  first  observed,  and  as  has  been  subse- 
quently pointed  out,  especially  by  Van  Tieghem  and  Vuillemin.  In  those 
species  which  possess  resin-canals,  some  of  them  invariably  originate  throuj^ 
tne  division  of  cells  of  the  endodermis.  The  endodermal  resin-canals  are  thus 
characteristic  of  the  Order.  Those  of  the  root  have  no  special  epithelial 
cells,  but  are  directly  surrounded  by  the  cells  of  the  double  endodermis  ;  they 
are  arranged  in  arcs  opposite  the  groups  of  bast  belonging  to  the  primary  fibro- 
vascular  system.  In  the  leaf  and  branch  the  endodermal  resin-canals  are  generally 
provided  with  an  epithelium  and  mostly  lie  adjacent  to  the  endodermis  on  its 
external  side  either  opposite  the  vascular  bundles  or  in  an  interfascicular  position. 

Concerning  the  development  of  the 
epithelium,  see  Vuillemin.  When  the 
necretory  canals  have  a  very  wide 
lumen,  some  of  the  epithelial  cells 
occasionallv  project  into  the  secretory 
snace,  and  thus  look  like  internal 
Klands  (old  rhiiomcs  of  Arnica  montana 
and  Centaurea  Scabiosa),  Van  Tieg- 
hem and  Vuillemin  met  with  resin- 
<:anaU  devoid  of  epithelium  in  the 
stems  or  rhiiomcA  of  certain  species 
of  AdenostyUs,  Aronicum^  Biaiia,  Ca^ 
calia,  Ctnerarta^  Cirsium,  Doronicum^ 
Eut>aiarium,  Homogyne,  Sardosmia^ 
Paiafoxia^  PeiasiUs,  Senecio^  Serraiuia, 
Stevia,  and  Tussilago,  They  are,  how- 
ever, prot>ably  of  little  value  as  an 
;inatomical  character,  since  resin - 
canals  devoid  of  ept helium  and  others 
l>rovided  with  it  occasionally  cx:cur 
Hide  by  side  in  the  same  plant  {Las- 
thenia  glabraia^  Cynara  corstca) ;  again, 
the  canals  without  an  epithelium  do 
not  alwa>'s  appear  in  all  the  species  of 
a  genus  {Cacaita,  Senecio),  Resin<anals,  situated  internally  to  the  endodermis,  arc 
very  rare  in  the  stem  {Senecio  cordaSus  and  5.  Cineraria), 

The  endodermal  resin<anals  of  the  root  and  stem  exhibit  further  differences 
as  regards  their  diameter  and  the  number  of  canals  occurring  opposite  the  primary 
boAt-croups  (of  the  root)  or  the  vascular  bundles  or  interfascicular  tissue,  as  the  case 
may  be  (see  the  examples  given  by  Van  Tieghem,  1872,  p.  125,  and  p.  130  et  seq.). 
According  to  exi.sting  investigations,  the  most  useful  feature  tor  systematic 
puqxMes  (mostly  as  a  generic  character)  is  the  position  of  the  resin-canals  in 
the  stem,  whether  opposite  the  vascular  bundles  or  between  them,  although  dis- 
placements may  occasionally  arise  owing  to  the  phenomena  of  secondary  growth. 
According  to  Van  Tieghem,  Hildebrandt,  and  Vuillemin,  endodermal  resin-canals, 
op|)osite  the  vascular  bundles,  are  found  in  the  stems  of  the  following  genera :  Ads- 
nostyies,  Aronicum,  A  iter ^  lieliis,  Biotia,  Cacalia^  Carlina^  Carthamus,  Ctnia^  Cen 
taurfa,  Cineraria,  Ctiicus,  Cynara,  Doranicum,  Dracafns,  Flaveria  pro  parte.  Micro* 
lonchus,  PeiastUs,  Sentcto,  Serratula,  Xantkium  ;  on  the  other  hand,  resin-canals 
which  are  interfascicular  in  position  are  found  in  Achillea, A chyropappus,  Actinameris^ 
Anacycius,  Anikemn,  Arnica,  Artemisia,  Balsamita,  CaJliapsis,  Chrysanthemum^ 
Cifsium,  Cladanihus,  Dahlia,  Echinacea,  Eupatorium,  Flaveria  pro  parte,  Galinsoga, 
Hehanthus,  Heliopus,  Hymenoxys,  Inula,  Lasthenia,  Lonas,  Madia,  Matricaria, 
Ormems,  Parlhenium,  Ptarmica,  Pulicaria,  Pyrethrum,  Santolina,  Sanvitalia,  Silphium, 
Silyhum,  Tagetes,  Tanacetum,  Zmnia, 

In  addition  to  the  endodermal  resin-canals,  which  form  the  type  character- 
istic of  the  Order,  others  situated  in  the  pith  or  primary  cortex  and  in 
the  secondary  tissues  of  the  vascular  s)rstem  also  occur  in  the  stem  in 
certain  cases.  Kesin-canals,  situated  in  the  primarv  cortex  of  the  stem,  and 
present  in  an  analogous  position  in  the  veins  of  the  leaf,  are  mentioned  by 


Pig.  104.    Timntvertp   aertion  ihroafh  the  katefaal 
portion  at  thitytmng  root  of  inmU  HtUnium^  ■kowiag  tkc 
cftf  ly  «tA(Pni  of  dmlopineat  of  the  oil  cmnak  ia  the  <    ^ 
which  i«  MKicrfoiAf  diiiikMi.— After  TncbeL 
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Van  Tieghem  as  occurring  in  species  of  Solidago  (ind.  Kleinia)  only,  e.  g.  S. 
KUinia.  On  the  other  hand,  those  situated  at  the  periphery  of  the  pith  an 
conunoner;  Van  Tieghem  observed  them  either  singly  or  several  tojfeihe 
opposite  each  vascular  bundle  in  species  of  A^eraium^  Carduus^  Dahlia^  Hdisn- 
tkus^  Serraitda,  Solidago,  and  SpUanthes ;  Hildebrandt  found  them  in  specie 
of  Actinotneris^  Artemisia^  Bidens^  CaUiopsis^  Coreopsis^  Cosmos^  Daroniaan, 
Echinacea,  Galinsoga,  Guixotia,  Hdianthus^  Hdiopsis^  Iva^  LindheimertL^  Obdu- 
caria,  Parthenium,  Silphium,  Sogalgina  (canals  here  scattered  in  the  pith). 
Spilanthes,  XatUhium^  and  Ximenesia.  Ilie  secretory  canals  of  the  secondan 
tissues  may  occur  in  the  wood  and  bast ;  in  theformer,  however,  they  probaN> 
only  occur  in  subterranean  organs,  as  appears  from  the  investigations  hitherti- 
carried  out.  Thus,  according  to  Van  Tieghem,  they  are  found  in  the  secondark 
wood  and  bast  of  the  root  of  Inula  Hdenium  S  in  the  root  of  Carlina  acamlis  and 
of  the  Anacydus  Pyrdhrum  of  commerce ;  likeMOse  in  the  secondary  bast  of  tbf 
branch  and  root  of  Centaurea  atropurpurea  and  Hdianthus  hiberosus.  It  ma\ 
be  added  that  in  Echinops  exaUatus  and  Tagdes  paiula  the  resin-canals  of  tth 
bast  are  replaced  by  resin-cells  in  the  medufiary  rays  of  this  tissue. 

The  pericycle  and  the  primary  portions  of  the  vascular  system  are,  as  a  rule, 
without  resin-canals.  According  to  Van  Tieghem  and  Vuillemin,  Ambrosu 
trifida  alone  forms  an  exception ;  here  resin-canaJs  occur  internally  to  the  priman 
arcs  of  hard  bast  at  the  Umit  of  pericycle  and  soft  bast,  and  in  some  cases  ak- 
at  a  greater  depth  in  the  tissue  of  the  latter. 

In  the  Tubuliflorae,  if  resin-canals  are  present  at  all,  they  always 
occur  in  the  root,  the  hypocotyledonary  stem  of  the  seedling  and  the 
cotyledons.  But  above  the  level  of  the  cotyledons  (i.e.  in  the  foliage-lei: 
and  stem)  they  may  occasionally  be  wanting ;  according  to  Van  Ti^^wn. 
VuiUemin,  and  Hildebrandt,  this  is  the  case  in  species  of  AmimMum, 
Anthemis,  Baeria,  Calendtday  Carduus^  Ceniaurea^  Cirsium^  Echinops,  Eup^- 
torium,  Filago,  Galactites,  Gnaphalium,  Hdenium,  Hdichysum^  Inula^  Leyssm. 
Madaria,  Pinardia,  Podolepis,  Rhynchopsidium,  Scolymus,  Sphenogyne^  TfipUri^ 
and  Vernonia.  But  even  in  those  cases  in  which  the  axis  contains  well-developed 
resin-canals,  they  may  sometimes  be  wanting  in  the  lamina  of  the  leaf,  ir. 
consequence  of  their  only  penetrating  as  far  as  the  leaf-base  {XcratUkemwrn 
cylindraceum,  Cirsium  arvense^  &c.,  according  to  Van  Ti^faem). 

Finally,  details  may  be  given  of  the  distribution  of  oil-canals  in  the  Onkr 
As  has  been  repeatedly  mentioned  the  majority  of  the  Tubuliflorae  posseso 
these  secretory  organs,  at  any  rate  in  their  roots.  They  are  also  commoc 
in  the  Labiatiflorae,  investigated  by  Van  Ti^hem.  The  secretory  canals  are  here 
without  exception  of  endodermal  origin.  Resin-canals,  situated  in  the  pith  or 
in  the  primary  cortex,  have  not  been  observed  in  any  member  of  the  Labiatiflone 

Concerning  the  distribution  of  the  resin-canals  in  the  Labiatiflorae  Van  Tiegbec 
makes  the  following  statements.  In  the  root  they  have  been  observed  in  Stiffh^ 
chrysantha,  Gerbera  Schimperi,  Leria  integrifolia,  Calopappus  acerosus,  ftc.,  whilst  lo 
Chaptaiia  tomentosa  only  an  oil-containing  endodermis  has  been  met  with,  and  io 
Barnadesia  even  this  is  wanting.  In  the  branch  and  leaf  the  renn-canab  havr 
been  demonstrated  in  Ainsliaea  Metifolia,  Hyaiis  sparturidMS,  Lycoseris  ifMunanM. 
Miitisia  rettisa,  Nassauvia  digitata,  and  Poiyachyrus  viilosus ;  they  occur, fiom  ooe  li' 
three  in  number,  mostly  external  to  the  arcs  of  hard  bast  of  the  pericycle,  bat 
l)etwecn  them  in  Nassauvia,  The  following  genera  have  no  resin-canatt  in  tbr 
branch  or  leaf:  Barnadesia^  Calopappus,  Ckaeianikefo,  Ckmpimiim,  Chmquitaf*. 
Diomia,  Flotovia,  Fuicaldea,  Gerbera,  docknoHa,  Leria,  Luciiim,  Maqmnim,  Omosem. 
Pioustia,  Schlechtendalia,  Stifftia,  and  TripMian^ 

Amongst  the  Cichoriaceae  an  interesting  case  occurs  in  Sconom^w^  and 
Scaly 991  us  grandiflorus,  according  to  Van  Tieghem,  for  the  root,  besides  pni^fffg^ng 

*  The  intercellular  secretory  rccqitaclei,  occurring  in  tlie  woondair  wood  and  baH  of  X«dLi 
llfUnii,  are  nut  canals  according  to  Triebel,  but  elonpited  oU-aivid«|  dond  oa  all  i " 
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laticiferous  vefvsels,  contains  resin-canals,  which  are  situated  in  the  double 
endodermis  external  to  the  prunary  bundles  of  bast.  Tragapogon  porrifolius 
shows  a  similar  feature,  according  to  the  same  author,  but  in  this  case  the 
canals  contain  no  oil.  A  similar  doubhng  of  the  endodcrmal  layer  has  also  been 
met  with  in  Cickorium  Intybus  and  Lampsana  communis^  but  the  oil-canals 
iiTv  wanting  Finallv,  in  some  other  Cichoriaceae,  such  as  Hieradum^ 
Hypochaerts^  Lactuca^  dec,  even  the  double  endodeimis  is  absent. 

Secretory  cavities  have  only  been  observed  in  a  few  members  of  the  Order, 
namely,  m  the  genera  TageUs,  ParophyUum^  Bigelovia^  and  Pectis^  according  to 
\'an  Tieghcm,  Bokomy,  Radlkofer,  and  Warming.  In  these  genera  they  give 
rise  to  transparent  dots  or  fine  striae  in  the  leaf.  Their  origin  is  stated  to  be 
^(  hizogonous  in  TagfUs,  l>'sigenous  in  Parapkyiium ;  in  PorophyUwm  ruderaU, 
C\iss.  the  secretory  cavities  are  enveloped  by  fine  branches  of  the  vascular 
s^-stem. 

In  the  same  way  as  the  endodermal  resin-canals  are  distinctive  of  the 
Tuhulidorae  and  Labiatiflorae,  latidferoos  vessels  are  characteristic  of  the 
(  irhoriaceae  ;  these  latter  are  found  in  the  root  as  well  as  in  the  stem  and  leaf. 
The  laiiciierous  tubes  of  the  stem  and  leaf  form  a  special  system  of  their  own, 
which  IS  distmct  from  the  laticiferous  system  of  the  root.  The  former 
system  l>elongs  to  the  outermost  cell-laj^r  of  the  pericycle,  which  borders 
(iiuvtly  on  the  endodermis.  Additional  laticiferoas  tubes  arise  in  the  secondary 
Ita^-t  ot  the  stem,  and  in  those  Cichoriaceae  which  arc  characterized  by  the  presence 
<  >t  medullary  phloem-bundles  in  the  stem,  there  are  further  laticiferous  tubes 
situated  at  the  jxTiphery  of  the  latter.  In  the  leaf  the  laticiferous  tubes 
^'enerally  follow  the  course  of  the  vascular  bundles  of  the  veins  ;  in  Hyj>ochaeris 
rjJuata  they  are  described  as  penetrating  into  the  mesophyll  (Haberlandt, 
(iro*Mn  and  Scott).  The  primary  laticiferous  vessels  occupy  quite  a  different 
[H>sition  in  the  root  Here  they  occur  at  the  internal  margin  of  the  primary 
phloem.  Subsequently  secondary  laticiferous  tubes  are  also  developed  in  the 
-tv<  >ndary  bast  of  the  root.  The  primary  laticiferous  system  of  the  root  is  however 
«  onnected  with  llie  primary  sv-stem  of  the  stem,  for  at  a  certain  level  both  systems 
are  lound  to  be  present  in  a  transverse  section  and  are  united  with  one  another 
by  anastomoses.  With  regard  to  the  contents  of  the  laticiferous  tubes  it  may 
U»  mentioned  that  a  protoplasmic  body  and  nuclei  have  been  shown  by 
I-.  Schmidt  to  be  present :  the  size  of  their  lumen  varies,  and  may  be  very 
-^mall  (e.  g.  in  Vfo%parmum  Daleckampii),  of  medium  size  (in  Cickorium  Intybus)^ 
or  Very  wide  (in  CkondriUa  iuncea,  Lampsana  communis.  Sec), 

In  connexion  with  the  laticiferous  tubes  of  the  Cichoriaceae  the  laticiferous 
li.urs  (Fi^:.  mx,  O)  may  be  shortly  referred  to ;  they  have  been  observed  on  invo- 
liiLr.il  anil  other  bracts  in  the  (genera  iMCtuca^  Mulgedium^  Pwenanikes^  Sonckus,  and 
/Wi  ris,  anil  cause  the  excretion  of  Utex  that  is  observed  when  the  involucral  leaves 

•  >i  the  pUnts  nurntioned  are  touched  (Carradori,  Trccul.  Delpino,  Piccioli,  Kny,  and 
/.tii'liT).  The  laticiferouH  structures  in  question,  which  were  first  regarded  by 
I>«  Ij.inci  as  an  anranjjcment  for  keeping  injurious  insects  away  from  the  £)wers,  arc 
-inrir  cpi'lrrmal  cclN  developed  as  hairs  ;  together  with  two  or  more  neighbourine 
.  «'ll''.  hk»wisr  brbm^nR  to  the  epidermis,  they  become  united  with  the  free  termin^d 
hraiK  hi's  df  the  laticiferous  system  accompanying  the  vascular  bundles,  by  the 
.ihv»rpiion  <»t  portions  of  the  intervening;  walls:  the  hairs  themselves  thus 
It  j.ri  M  III   terminations  of  the  laticiferous  system.      Regarding  their  varied  mode 

•  1  liittert-ntiation  sec  Zander,  loc,  cit. 

Out^ule  the  Cichoriaceae,  laticiferoiLs  vessels  have  only  been  met  with  in 

•  »rn'  nitniUr  (>f  the  Tubuhflorae,  viz,  in  Gundelia  Tournefortii,  L.  The  stem  of 
tliiN  jLiiit  t  oiitains  laticiferous  tubes  in  the  |)ericycle  and  in  the  neighbourhood 
«»t  thr  Im^i  »»f  the  medullary  vascular  bundles  ;  the  leaf  possesses  these  elements 
III  thr  v«ins  :ind  they  also  occur  free  in  the  mesophyll.  It  may  be  added  that 
:•  Miicaiial>  are  wanting  in  the  leaf  and  stem  of  uunddia. 
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Finally,  isolated  elongated  secretory  cells  with  resinous  or  milky  contczv 
occur  in  some  cases.  They  occupy  the  same  position  as  thelaticiferous  tubes.  :hr 
is  to  say,  in  the  stem  and  leaf  they  are  present  in  the  pericycle  within  the  erji'> 
dermis  and  external  to  the  primary  hard  bast  (to  which  secretory  cells,  develoiK 
in  the  secondary  bast,  are  added)  and  in  the  root  in  the  innermost  portion  of  thr 
primary  phloem.  In  Carduus.  Cirsium^  Lappa^  and  Silybum^  they  are  connn:>! 
to  stem  and  leaf,  whereas  in  Vernonia  they  have  been  found  in  the  root  as  w-.J 

Oxalate  of  lime  is  excreted  in  the  form  of  acicular,  prismatic,  or  -rr.i 
octahedral  crystals.  True  raphides  are  wanting,  but  occasionally  the  bundi- 
of  acicular  crystals  come  to  resemble  bundles  of  raphides  (mesophyll  of  Cjf/ips; 
vulgaris).  Large  solitary  crystals  (cortex  of  Kleinia  ariicutaia^  Haw.,  an: 
Cacalia  repens  ;  pith  of  Othonna  arborescenSy  L.)  and  clustered  crystals  (pith  .* 
Kleinia  repens^  Haw.)  are  rare  (Joh.  Miiller  and  Vuillemin).  Inulin,  which  > 
so  characteristic  of  this  Order,  occurs  especially  in  the  tissues  of  the  root.  >>-* 
occasionally  also  in  the  leaf  (Joh.  Miiller)  and  stem ;  in  the  latter  it  accoT: 
panics  starch  (Ahlfoengren).  Other  sphaero-crystsds,  occurring  in  ctr.i' 
members  of  the  Order,  consist  of  gypsum,  according  to  Kohl. 

The  structure  of  the  leaf  has  so  far  been  comparatively  little  investipa:- : 
The  stomata  are  surrounded  by  three  or  more  ordinary  epidermal  cells,  accoriir. 
to  Vesque ;  in  their  development  they  follow  the  Cruciferous  type ;  this,  howevr-. 
is  obscured  in  the  fully-developed  leaf.    The  epharmonic  features  of  the  lu: 
structure  vary ;  under  this  heading  are  included :  (a)  the  distribution  01  i:.- 
stomata  on  the  leaf-surfaces,  (h)  the  position  of  the  guard-cells  with  regard  : 
the  level  of  the  epidermis  (seated  on  a  cylindrical  tube  in  Cineraria  cruc-K: 
and  in  Haplopappus  and  Gochnatia)^  (c)  the  development   of  hypodenn    • 
the  upper  side  of  the  leaf  (Senecio  Munroi^  Hook,  f .,  Cetmisia  vernicosa^  Hook. : . 
and  C.  Lyallii,  Hook,  f.),  ((/)  the  differentiation  of  the  mesophyll  and  nbr  ■ 
vascular  system  (including  the  development  of  a  sheath  of  cells  with  wide  lumir  i 
around  the  vascular  bundles  of  the  veins,  and  the  radiate  arrangement  01  t: 
cells  of  the  palisade  tissue  around  this  sheath  in  Pedis  humifusa^  Sw.),  (?)  t". 
excretion  of  wax  on  the  surface  of  the  leaf  (species  of  Hieracium  and  Kl^nr. 
In  this  connexion  the  characteristic  leaf -structure  of  a  few  biologically  interest::., 
forms  may  be  briefly  pointed  out ;  such  structures  occur  in :  (a)  the  rolled  lej»  - 
of  Olearia  Solandri,  Hook.  f.  (Diels);  (6)  the  scale-like  leaves  of  LepidopkyW- 
(juadrangtdare,  Phaenocoma  prolifera^  Ozothamnus  Selago,  O.  micropkyllum. .'.: 
O.  coralloidesy  in  which  the  lower  side  of  the  leaf  becomes  external  and  is  m^-v.- 
times  {Ozothamnus)  distinguished  by  an  exceptionally  thick  outer  wall  it.  i 
cuticle,  while  it  is  usually  only  the  upper  surface  of  the  leaf  that  bears  stoma:  i 
(Goebcl,  Lazniewski,  Diels) ;  (c)  finally,  the  leaves  of  Celmisia  Lyaliii^  Hook. : . 
which  in  appearance  and  structure  remind  one  of  a  steppe-grass,  and  in  wh;:.^ 
the  sclerotic  hypoderm,  developed  in  great  quantity  beneath  the  upper  suria-  ■ 
of  the  leaf,  traverses  the  mesophyll  in  the  form  of  plates,  enclosing  the  va^j-nila- 
bundles  of  the  veins  and  also  forming  a  massive  lower  hypoderm  in  :!. 
projecting  portions  of  the  lower  surface  of  the  leaf.    Of  special  anatomxa 
features  in  the  leaf -structure  the  not  uncommon  occurrence  of  sihcified  i:r«''j> 
of  cells  in  the  epidermis  remains  to  be  mentioned.    Here,  as  in  other  c.w-, 
the  hairs  are  usually  the  centres  from  which  silicification  starts.     Sihcinr' 
rosettes  of  cells,  bearing  a  hair  or  a  rudiment  of  a  hair,  are  found,  for  exam:^ : 
in  Helianthtis,  Obcliscaria,  and  Heliopsis  (Mohl,  De  Bary) ;    in  He*tJK:k.^ 
i^iganteus,  L.,  some  of  the  cells  of  these  rosettes  contain  cystoUth-like  stniciur'. «. 
which  are  encrusted  with  carbonate  of  lime  in  the  same  way  as  the  wall  < 
the  h^ir. 

Ref>ardinf(  tlio  stnicturooi  the  petiole  a  reference  to  Plitt'swork  is  suffider.:. 
since  only  fourteen  genera  have  been  investigated,  so  that  the  results  cinr. : 
be  of  general  imiwrtance. 
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The  structure  of  the  axis,  like  that  of  the  leaf,  requires  further 
detailed  investigation.  The  following  facts  concerning  the  structure  of  the 
wood  in  the  woody  species  may  be  pointed  out  in  accordance  with  Michael's 
work  and  the  statements  in  my  '  Holzstruktur  ^'  The  arrangement  of  the 
vessels  and  the  size  of  their  lumina,  as  well  as  the  breadth  of  the  medullary 
ra\'s,  are  very  variable.  The  broad  meduUary  ra)^  have  a  characteristic  com- 
|)osition  according  to  Michael.  In  tangential  longitudinal  section  they  consist 
of  short  (radially  elongated)  cells,  which  are  surrounded,  either  partially 
or  on  all  sides,  by  one  or  more  layers  of  high  cells;  these  are  rather 
prosenchymatous  in  shape*  and  occasionally  merge  into  the  wood-prosen- 
chynia.  If  we  suppose  the  short  cells  to  remain  undeveloped,  a  xylem 
lacking  medullary  rays  will  result*  and,  according  to  Biichael,  this  is 
actually  found  in  Santolina^  and  also  in  Ageratum.  A  curious  appearance 
of  the  wood  in  transverse  section  is  presented  by  certain  species  of  Pteronia 
(P.  CiiPftphorata,  L.) ;  narrow  radial  strips  of  wood,  consisting  of  vessels  and 
prosenchyma,  here  alternate  with  broader  strips  of  prosenchyma,  enclosing  the 
uniseriate  medullary  rays  *.  The  size  of  the  lumen  of  the  vessels  varies  between 
•02  and  054  mm.  in  the  species  investigated  by  me ;  in  the  same  way  the 
diameter  of  the  border  of  the  pits  of  the  vessels  varies  from  -002  to  -004  mm. 
All  the  sjH?cies  investigated  by  Michael  and  myself  possess  bordered  pits,  even 
on  those  |X)rtions  of  the  vessel- wall  which  are  in  contact  with  parenchyma. 
Spiral  striation  of  the  wall  of  the  pitted  vessels  has  been  observed  to  be  more  or 
less  pronounced  in  certain  s[)ecies  of  Ageratum^  Artemisia^  Aihanasia^  Baccharis^ 
Erxocephalus,  Kuryops^  Eupatorium^  Gymnosperma^  Helickrysum^  Leucotnens^ 
PetUzia,  Proustia,  Pteronia^  Santolina^  Staehdina^  Stevia^  Tarchonanthus^ 
Vernontd,  and  Zaluzania,  The  perforations  of  the  vessels  are  generally  simple; 
this  is  the  case  in  the  species  named  in  my  *  Holzstruktur,'  in  the  thirty-two 
SjHH'ies  mvestigated  by  Michael,  and  the  thirteen  (chiefly  herbaceous)  species 
examined  by  Tangl.  Side  by  side  with  the  simple  perforations  of  the  vessels scalari- 
form  jHTf orations  occasionally  also  occur,  just  as  in  the  Rubiaceae.  It  is  worthy 
of  remark,  that  these  scalariform  perforations  often  have  a  circular  contour,  that 
they  are  often  provided  with  very  numerous  bars,  and  that  they  also  occiu*  on 
horut)ntal  liivision-walls  bt»tween  the  constituent  elements  of  the  vessels. 
On  those  end- walls  which  are  inclined  from  one  radial  wall  of  the  vessel 
to  the  other,  the  (usually  delicate)  bars  of  the  perforations  are  not  always 
plac  ed  horizontally,  as  is  normally  the  case  elsewhere,  but  are  occasionally  in  a 
vrrtical  |x)sition.  By  branching  and  anastomosis  of  the  bars,  elegant  patterns 
arise,  such  as  Tangl  has  described  in  Helianthus  annuus  and  n.  giganUus^ 
Sonchiis  oUratrus^  sigeraium^  and  Eckino^s  exaltaius.  These  scalariform  vessel- 
|KTh>rations,  which  were  first  mentioned  by  Th.  Hartig  and  Sanio  as  occurring 
in  siH-eies  ot  Cichorium^  Hifracium,  and  Onopardan^  and  which  I  have  found  in 
sjveR>  <>1  Albcriinia^  Bcrkheya^  Cal^a^  CuUumia^  Lychno^hora^  TripUns,  and 
Zaluzama,  are,  however,  of  no  very  great  systematic  mterest.  The  wood- 
juireiu'hyma  is  chiefly  restricted  to  the  neighbourhood  of  the  vessels.  The 
utHHl-prostnchvma,  which  forms  the  ground-mass  of  the  wood,  has  simple 


'  Ww   toimer  work  tleali  with  the  following;   genera:    Aitratmm,   Ampkirafkis,  Ariemuia^ 

(/fr.i/»;.jw»"i.  //fitikrysmm^  (*ieana,  Oyedaia,  Os^kammus,  I'entiia,  Scmt§iima^  Semci^,  S^mcAms, 
.Sf'Hj,  I\if<hift$am£k»is  and  l'erb€hma\  the  itatementi  in  my  *  llolzstmktar*  axe  baaed  00  an 
ui%OH!i^.iti<):)  ol  •(icciit  of  the  following  genera :  Ageraium^  Alkertimia^  Atkanasia^  Bakia^  Berkkeya^ 
i'j.ra  ('i<.'.i#«»M,  KrMcr/km/mj,  Emrjw/s,  hmpaiorium,  Gymnosperma^  J^uiomeris^  I.yikm^kirm^ 
r /\'/y •".;#»•.■.  riuikea^  iVpmstia,  J^eromia,  KaiUardia^  Statktlima,  Tmrfkomantkus^  TnptirU^ 
/a.  I*   tttta. 

'  Kc^'arlinK  the  tisiuc  of  the  mcclallar)'  rav*  in  thi^  Order  comi^re  the  detailed  itateiDCntt  of 
Ihrif'.:     loc.  cit.) 
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pits  in  all  the  species  investigated.  Septation  of  the  wood-prosenchjnna  t^f 
means  of  fine  division-walls  has  been  observed  in  species  of  Eupatarimm^  Rmd- 
lardia^  Senecio,  and  Verbesina. 

It  is  impossible  to  go  into  details  here  concerning  the  structural  differences 
presented  by  the  xylem  of  the  vascular  system  in  herbaceous  spedes.  As 
shown  by  Hildebrandt's  investigations  on  this  subject,  in  which  the  groups 
Ambrosiaceae  and  Senecionidae  were  dealt  with,  numerous  differences  occur, 
which  will  occasionally  be  of  value  in  the  diamosis  of  species,  if  used  with 
sufficient  caution.  Among  these  features  are  the  varied  (parenchymatous  or 
prosenchymatous)  differentiation  of  the  interfascicular  tissue,  the  presence  or 
absence  of  medullary  rays,  &c. 

There  are  very  few  statements  regarding  the  structure  of  the  cortex  (see 
especially  Vuillemin's  work).  The  formation  of  the  cork  is  superficial  in  the 
cases  investigated.  Douliot  records  subepidermal  development  of  cork  in 
species  of  Achillea^  Baccharis^  Cosmophyllum^  Ptarmica^  and  TarcMonmnikus^ 
epidermal  development  in  species  of  Artemisia^  Bamadesia^  and  GmiUam^ 
According  to  Vmllemin,  the  cork  also  arises  subepidermally  in  Hiermcimm 
and  Scorzonera^  but  epidermally  in  Cacalia,  The  primary  cortex  frequently 
contains  coUenchymatous  tissue.  Stone-cells  have  been  observed  in  the  primary 
cortex  of  Stifftia  chrysaniha.  The  endodermis  is  distinct  in  most  cases, 
being  characterized  by  Caspary's  dots  on  the  radial  walls  or  by  uniformly 
suberized  walls  or  by  its  starchy  contents.  More  rarely  the  endodermis  is 
wanting.  In  Barnad.sia  rosea  the  internal  tangential  and  the  radial  waUs 
of  the  endodermal  cells  become  sclerotic,  so  that  they  appear  to  be  thickened 
in   the  form  of  a  horseshoe  when   seen  in  transverse  section.    The  inner 

Grtion  of  the  pericycle  very  frequently  contains  isolated  primary  bundles  of 
rd  bast,  the  cells  of  which  are  occasionally  septate.  Sclerench3fmataiis 
cells  occasionally  also  appear  in  the  bast ;  thus,  according  to  Vuillemin,  scattered 
bast-fibres  are  found  in  the  secondary  bast  of  AchUUa  Ageraium  and  small 
groups  of  bast-fibres  in  Artemisia  Abrotanum^  whilst  in  Anihemis  nobMs 
and  LeofUopodium  alpinum  the  entire  bast-parenchyma  becomes  sclerotic. 
According  to  Vuillemin  the  sieve-tubes  of  the  bast  always  have  simple  sieve* 
plates  with  pores  of  varjdng  size. 

In  a  number  of  species  anomalous  structure  of  the  axis  is  found.  According 
to  H.  Schenck,  some  of  the  jianes  belonging  to  this  Order  have  normal  stmcture, 
e.g.  the  species  of  Piptocarpha,  On  the  other  hand,  Schenck  has  observed  a 
furrowed  xylem-mass,  recalling  the  structure  of  the  Bignonieae,  in  an  undetcr* 
mined  member  of  the  Order,  which  is  shown  in  Figures  175, 176  of  his  Plate  XII. 
The  furrows  in  this  xylem-mass  are  due  to  reduced  activity  on  the  part  of  certain 
longitudinal  strips  of  the  cambium,  which  leads  to  a  smaller  production  of  wood 
and  a  proportionally  greater  development  of  phloem  extemally ;  in  this  way  the 
cambium  becomes  divided  up  into  a  number  of  strips,  some  of  which  are  narrow 
and  lie  at  the  base  of  the  furrows,  while  the  others  are  broad,  and  are  situated 
opposite  the  prominences  of  the  wood.  No  splitting  occurs  in  the  medullary  rays 
which  limit  the  furrows  laterally,  contrary  to  the  case  of  the  Bi^onieae ;  tne 
tensions,  which  must  arise  in  the  course  of  secondary  thickemng,  are  com- 
pensated for  by  division  and  stretching  of  the  celk  of  the  medullary  rays. 
In  the  stems  of  species  of  Mikania  and  of  Bidens  rubifoliusy  H.  B.  K., 
the  Aristohchia-iype  of  structure  occurs;  in  these  plants  broad  primary 
and  secondary  medullary  rays  divide  the  wood  up  into  narrow  plates. 
The  formation  of  wedses  of  bast,  as  found  in  the  Bignoniaceae,  is  occa- 
sionally associated  with  the  former  iypCt  e.g.  in  Bidens  rubifolius  and  in 
the  stem  of  a  Mikania,  figured  by  H.  bchcnck  on  Plate  XII,  Fig.  178.  In 
the  last-named  plant  a  third  anomaly  is  to  be  found,  for  a  secondary  zone  of 
growth  (i.e.  a  broad  zone  of  wood  and  bast)  is  situated  on  one  side  of  the  normal 
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ring  of  bundles  ;  this  zone  probably  originates  in  the  pencyclic  parenchyma  of 
the  vascular  ring.  An  anomaly,  similar  to  that  last  disciiussed,  also  occurs  in 
KUinui  spinuiosa,  Hort.  Petrop.,  according  to  Joh.  MiiUer ;  here  we  have 
the  formation  of  new  secondary  bundles  of  wood  and  bast,  which  apparently 
arise  in  the  phloem  of  the  original  vascular  ring ;  according  to  Kruch 
a  similar  anonialy  is  found  in  the  basal  part  of  the  stem  of  Dahlia  imperialism 
in  the  endodermis  of  which  secondary  bundles  of  wood  and  bast,  or  of  bast 
alone,  originate.  A  somewhat  different  anomaly  of  the  stem  is  present  in 
Coreopsis  auric tdata,  L.,  according  to  Hildebrandt.  In  the  young  stem  of 
this  plant  a  ring  of  bundles  with  rather  strongly  sclerosed  interfascicular  tissue 
is  found.  If  I  understand  Hildebrandt  rightly,  the  activity  of  the  cambium 
in  one  or  other  of  the  primary  vascular  bundles  ceases  sooner  or  later  ;  thereupon 
a  new  cambial  arc,  which  forms  wood  internally  and  a  Uttle  bast  externally, 
arises  on  the  outer  side  of  the  arc  of  primary  hard  bast  belonging  to  the 
bundle  in  question  ;  the  masses  of  tissue,  situated  externally  to  the  inter- 
fascicular tissue,  also  develop  into  a  cambium,  which  becomes  continuotis  with 
the  newly  formed  cambial  arcs,  and  so  on.  Another  anomaly,  which  is 
very  widely  dLstributed  amongst  the  Cichoriaceae,  consists  in  the  appearance  of 
(a)  medullary  phloem-bundles  or  (b)  medullary  vascular  bundles,  owing  to  the 
addition  of  xylem  to  the  phloem.  These  meduUary  bundles  were  first  described 
by  Hanstein  and  later  by  Tr6cul,  and  since  then  their  presence  in  a  considerable 
numlKT  of  C  ichoriaceae  has  become  known  especially  through  the  work  of  Petersen 
and  Kruch.  Before  proceeding  to  enumerate  the  genera  in  which  these  bundles 
ha\ e  been  obst»r\ed,  and  those  in  which  they  are  wanting,  the  following  facts 
may  l)e  jK)inted  out.  The  bundles  in  question  are  to  be  regarded  as  more 
or  levs  reduced  vascular  bundles,  as,  according  to  J.  E.  Weiss,  is  evident 
from  a  consideration  of  their  course*;  they  are  branches  of  the  peripheral 
ring  oi  bundles,  although,  in  some  cases,  only  the  outermost  portions  of 
a  leaf-trace  (i.e.  the  phloem)  and  not  the  entire  strand  (as  in  the  formation  of 
medullary  vascular  bundles)  passes  into  the  pith.  Hence  they  only  have  the 
systematic  value  of  medullary  vascular  bundles  and  when  used  in  classification 
they  are,  generally  speaking,  only  of  importance  for  specific  diagnosis.  They 
are  either  confined  to  the  margin,  or  are  found  both  in  the  interior  and  at  the 
m;irf,Mn  of  the  pith,  or  they  are  irregularly  distributed  in  this  tissue.  In  those 
castas  m  which  the  bundles  only  consist  of  phloem  and  are  situated  at  the 
marpm  of  the  pith,  they  sometimes  give  the  appearance  of  bicollateral  struc- 
ture to  the  vascular  bundles  of  the  normal  ring.  The  medullary  bundles  are 
u>ually  >imply  collateral,  rarely  (lowest  intemodes  of  Scarxomra  kispanica^  L., 
according  to  J .  E.  Weiss,  and  of  Tragopogon  pratensis^  L.,  according  to  Bergendal) 
concentric  with  central  phloem.  In  many  species  the  position  and  structure 
of  the  medullary  vascular  bundles  is  uniform  throughout  the  stem;  in  other 
sjK-*  le*^,  however,  it  varies  in  different  regions. 

Mcdullar\'  bundles  have  been  observed  in  species  of  Crepis^  Cymboseris^  Dahlia^ 
Helmtnihta^  Ryoserts,  Lact%ua^  Leontodon^  Mulgedium^  Picndiutfi^  Picris^  Podosper- 
fptufft,  Pyrthopappus,  Hodigta^  Scoiymus,  Sccrzomra,  Sonchus^  Tkrincia^  Tragopogon, 
(  t-^sf-etmum  ;  on  the  other  hand,  they  have  not  been  found  in  species  of  Aniryala^ 
Apatcxa,  Arnosens,  Barkkausia^  Catanancht^  Chondrilla^  Cichortum^  Crepis^  Endo- 
pit  ra.itfri  po^onMedypnois^ Hteracium •, Hypockaeris^ Hyoseris, Kmlbfussia, Koelpinia^ 
/..ii  r.ii  a,  J  ampsana,  Liontodon^  Microstris,  Mulgedium.  Picridium,  Picris,  Prenanlhts^ 


In  /a»:Mia  sstit^  alone  J.  K.  \Vci«  alio  met  with  tmall  medullary  |>hloem-buidl€ft,  which, 
.-.«  A  <.«>ntuirrau«*n  of  their  coanc  thowi,  are  eqaivmlent  to  iDtrmzylary  10ft  Xmal;  i.e.  they  form  the 
<.otit:iiuai;tir)  of  )>hiocm-litmdlet,  which  are  found  in  the  petiole  tntcnal  to  (above)  the  primary 

'    I  he  »tAtetnent  regarding  the  occaneoce  of  medullary  Yaicvlar  Iniidlet  in  //urmnmm^  which 
ha«  ooiituiually  reap))eared  since  llanitein*a  time,  it  incorrect* 
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PUroiheca,  Rhanadioius,  Robertia,  Rodigia,  Scarianera,  SerioU,  Spiiiriia^  Tmttmxm 
Thrincia,   Tolpis^    WiUemetia^    Younpa^  Zacinika.  Zoilikoferia.     For  details  tee 
Hanstein,  Petersen,  and  Knich,  loc.  cit. 

Elsewhere  than  in  the  Cichoriaceae  medullary  phloem  or  vaacular  bundles  have 
been  met  with  in  Gundelia  TaumeforHi  (Tr6cul),  Heienium  caiifomicmm  (Link),  aad 
Obeiiscaria  pinncUa,  Cass.  (Hildebrandt)^ 

Cortical  vascular  bundles  also  occur  in  this  Order,  viz.  in  numerous  species 
of  Ceniaurta  (for  details  see  Heinricher,  loc.  cit.),  in  Gundelia  ToumefofHu 
and  also,  according  to  Hildebrandt,  in  the  wings  of  the  stem  of  Ammobimm 
alatum  and  Heienium  califamicum,  and  in  Senecio  Doria, 

The  development  of  the  cortical  vascular  bundles  in  the  spedes  of  Cmtimmes 
is  correlated  with  the  occurrence  of  a  large  amount  of  assimilatory  tissoe. 
C.  argenUa,  L.,  C.  argophylia,  Steud..  and  C.  gymnocarpa^  have  two  kinds  oif  shoots. 
the  one  with,  the  other  without  assimilatory  tissue  in  the  cortex  ;  cortical  vascular 
bundles  are  present  in  the  first  tvpe  of  shoot  only.  The  cortical  bundles  are  osoally 
normallv  orientated  ;  occasionally,  however,  they  are  so  placed  that  the  xyiem  i 
external,  or  thev  mav  be  reduced  to  xylem  only.  In  Ceniaursa  regia^  Boist.. 
C  giganUa,  C.alata,  and  C.  acaulis,  L.  they  are  so  numerous  that  the  nornul 
ring  of  bundles  is  rendered  inconspicuous  and  the  axis  has  a  more  or  less  distinctly 
monocotyledonous  type  of  structure. 

Note. — A  few  anomalous  structures  in  the  root  must  be  added  to  the  list  of 
anomalies  in  the  axis ;  these  have  been  described  by  Dutailly.  In  Taraxacum  dems 
leonis,  Cirsium  lanceoiatum,  and  Scorzonera  kispanica  peculiar  groups  of  cdls  aiv 
observed  in  a  transverse  section  of  the  wood  ;  they  consist  of  a  few  centzaOy  placed 
vessels  filled  with  secretion,  and  are  surrounded  by  a  sheath  of  cambial  tissue 
consisting  of  several  layers.  Similar  cell-groups,  containing  a  small,  not  readily 
recognized,  secretory  canal  at  their  centre,  and  surrounded  by  a  sheath  of  fibfous 
cells  with  an  external  ring  of  cambial  tissue  and  then  by  a  few  tracheides,  occur 
in  the  wood  of  the  thicker  roots  of  Scorzonera  hispanica.  The  groups  of  odHa  in 
question  are  invariably  secondary  formations. 

Literature:  Th.  Hartig,  in  Bot.  Zeit.  1859,  p.  338.— Sachs,  in  RoL  Zeit.  1859,  pp.  177  mad  185 
and  Tab.  Ytti.-Sanio,  in  Bot.  Zeit.  1863,  p.  133  and  Tah.  iv.— Vogl,  in  Sitz.-Ber.  WIcocr  Akal. 
Hd.  klriii,  AU.  a,  1863,  p.  688  and  a  Tab.— Hanstein,  Milchsaftgef.,  Berlin,  1864,  cmdallf  p.  68 
et  !!eq.  and  Tab.  viii,  is.— Dippel,  Milchsaftgef.,  Rotterdam.  1 865.— Tr^cul,  Lactictthcft.  Coapt. 
rend.,  t.  Ixi,  1865,  pp.  785  and  939  et  tea.,  Ann.  tc  nat,  i^r.  5,  t  t,  p.  67  et  icq.  and  Adamooka  vii. 
pp.  169  and  f8o.— N.  Mtiller,  Harze,  rringihetm  Jahrb.,  Hd.  v,  1866  7,  pp.  418*30. — HsMteis. 
Harz-  o.  Schleimabt.,  Hot.  Zeit.  f868,  p.  734  et  teq.  and  Tab.  xii.— TangI,  P^tfefsUuMa. 
Sitz.-Ber.  Wiener  Akad.,  Bd.  Ixiii.  Abt.  i,  1871,  p.  537  et  Mn.— Maxtinet,  Org.  de  ttoic.,  Asa. 
sc  nat.,  ser.  5,  t.  ziv,  1873,  p.  i6s  and  pi.  15.— Ranter,  Tricnomgcb.,  Denkachr.  Wiener  Ak«L 
1 87 1,  pp.  14  and  18,  Tab.  iv.  y.— Van  Tieghem,  Canaox  s^cr^,  Ann.  ic.  nmt.,  %ti,  5,  t.  xfL  1871. 
pp.  97-147.— Delbrouck.  Pflanzenitach.,  Hanttein,  Hot.  Abb.,  Bd.  ii.  1875,  p.  54. — J.  Ilcillcr. 
Ilolzanat.,  Denkschr.  Wiener  Akad.  1876,  pp.  45  and  341.— Reinke,  SekicCiomorg.,  Priagihcia 
Tahrb.,  Bd.  x,  1876,  pp.  150,  151.— De  Bary,  Veigl.  Anat.,  1877.— ^chmalhauco,  Mildbaaftbck. 
M^m.  Acad.  imp.  dc«  ic.  de  St.-IVtertbonrg,  s^r.  7,  t.  zxiv,  n.  3,  1877,  rp-  ''~4- — Aretcbo«f. 
lUadets  anat.,  Nf  tnneukrirt.  I.ond,  1878,  p.  64  et  aeq.— Fai\Te,  latex  et  lacticiferct  da  Truff^iw. 
Compt.  rrnd.,  t.  Ixxxviii  a,  1879,  pp.  369-72. — I>utailly.  Apparit.  tardive  dVlements  dost,  etc 
Tht-^,  Paris  1H79.— Scott,  Gegl.  Milchr  ,  Arb.  bot.  Inft.'Wiirrburg,  Bd  ii,  1881,  pp.  648  to  664. 
— MoUer,  Rindenanat.,  18K3.  pp.  127-138.— Pctenen.  Iticoll.  Gefaitb.,  En^ler,  BoL  Jahrb.,  Bd.  tti. 
1883,  pp.  385-7.— E.  Schmidt,  Platroakorper  d.  gegl.  Milchr.,  Bot.  Zett.  1883,  pp.  437-44.— 
Bokomy,  Dnrchi^.  Ponkte,  Flora  1883,  p.  379,  leparate  cojiy.  j>.  33. — Hildebnad,  Spaltdfla.  v. 
I^lycalymna^  Bot.  Crntralbl.  1882,  i,  pp.  356-61  ami  Tab.  i.  -  1  laberlandt,  Phyt.  AnaLd.  Ililchr. 
Sitz.-Ber.  Wiener  .Akad.,  Ikl.  Kxtvii,  Abt.  I.  1883,  p.  65.— Heinricher,  Skengelban  d.  Ccaiamcn, 
.Sitr.-lWr.  dentich.  bot.  Cetellich.  1883,  pp.  133-9  anil  Tab.  ▼.— J.  £.  Wei»,  Maikrt.  Gefkst- 
biindelsyst.,  Bot.  Centralbl.  1883,  tii,  pp.  390-6  and  Tab.  i. — Van  Tieghem.  Appaieil  adcr^  dam 
let  C,  Ball.  Soc.  bot  de  Franor,  1883,  pp.  310-13,  and  1884,  pp.  ifa-i6.— Gngnoo,  CaracL  aaat. 
d.  Lonicerin^et  rtc,  Thne,  Parii,  1884,  p.  1*3  et  acq.  and  pi.  i,  ii.— Urban  a.  Mobiot,  SckUtktemdmlU 
etc..  Sitr.-Ber.  dentach.  bot.  Gesellsch.   1K84,  pp.  100-7  and  Tab.  iii.— Schenck,  Ccntrif.  Wand- 


'  It  may  be  remarked  that  in  Artemisia  and  other  allied  gcstera  a  coniiderable  a«ltiplica- 
tion  of  cells  Ukes  place  in  the  peripheral  portion  of  the  pith,  ao  that  a  kind  of  aecoodary  pick 
ariaea,  the  cella  of  which  are  mach  elongated  radially  in  the  tranaverae  acction.  Sccoodary  oeU- 
diviaiona  alao  occur  elaewhere  in  the  pith,  but  never  to  aach  an  extent  aa  in  Artiwtitim,    (H^ndt) 
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Terdick.,  Disi.,  Bonn,  1884,  p.  33  ct  icq.  and  Tab.— [ThooTenin,  El  anat.  d.  rac.  dcs  C,  Thiie, 
Nancy.  1S84.  24  pp.  and  4  Tab.;  aee  Just  188^,  ii,  p.  407.}---VuiUcmin,  Appaidl  f^cr^.  d.  C, 
Ball.  Soc  bot  1884,  pp.  loiB-io,  with  an  addcnanm  by  Van  Tieghem,  pp.  iii,  us  and  loc.  dt 

1884,  pp.  366-8.— Vuillantn,  Caiact  anat. :  Tige  dcs  C.»  Paris,  1884,  358  pp.— Van  Tiegbcm,  Can. 
t^ci^t.,  Ann.  ic  nat.,  i^.  7,  t.  i,  1885,  pp.  6-30. — Vesqoe,  Gamop^taIe^  Ann.  sc  nat,  ler.  7, 
t  i,  1885,  pp.  310-3I  and  pi.  10.— Triebel,  Oelbefa.  in  Won.  d.  C,  Verb.  Leopold.  Akad.,  Bd.  1, 

1885,  pp.  1-44  and  Tab.  i-Tiii. — Michael,  Holxanat  d.  C.  etc,  Dm.,  Leipzig,  1885. — Solereder, 
Hobstr.,  1H85,  pp  154-8.— H^rail,  Tige  de»  DicotyL,  Ann.  ic.  nat.,  iir.  7,  t  Ii,  1885,  pp.  365-5. 
— [^ Heaurisage,  Caract.  anat.  det  C.  d*apres  Vnillemin,  BnlL  Soc  bot.  Lyon  1885,  b.  i.J — Vmlle- 
min,  Kndodenne  da  Setucu^  Boll.  Soc  bot.  de  France  1886,  pp.  538-4a— Radlkofer,  Dnrcht. 
imnkt.  HI.,  Sit2..Ber.  Miinch.  Akad.  1886,  pp.  330,  331.— Tichirch,  Sekretbeh.,  BoL  CentralbL 
188;,  iv.  p.  93. — Leblots,  Can.  i^cret.,  etc,  Ann.  ic.  nat.,  tcr.  7,  t  vi,  1887,  pp.  374-81. — Petit, 
Petiole,  Mem.  Soc  phyt.  et  sc  nat.  dc  Bordeanx,  s^r.  3,  t.  iii,  1887,  pp.  370-6  and  pi.  6. — 
Volkcns,  Aegypt-arab.  Wiiste,  1887,  pp.  135-Q  and  Tab.  vi,  riii,  z,  xirand  xt. — llildebnuidt,  VergL 
Anat.  d.  .Vmbrosiac.  a.  Senedonid.,  Diss.,  Marbnrg,  1887,  53  pp.  and  Tab. — Mobins,  Konzentr. 
Getassb.,  lier.  deutsch.  bot.  GeselUch.  1887.  P*  ao.— Hcaavais,  Anat.  Baa  t.  Grimdi/ia,  Ber. 
deaticb.  bot.  Gesell&ch.  1888,  pp.  403,  404.— Brick,  Anat.  d.  bait.  SCrandpfl.,  Schr.  Danzig. 
NatQif.  Gesellsch.  1888,  pp.  143,  144  and  Tab.  ii. — Daniel,  Struct,  anat.  comp.  de  la  feoille  et  dc* 
foliolcs  de  rinvolocre  dans  les  C.,  HoU.  Soc.  bot.  de  France  1888,  pp.  433-6,  1889,  pp.  83-5  and 
133  to  143. — Dehmel,  Milchsaftbeh.,  Diss.,  Erlangen,  1889,  es{icciallv  pp.  34,  35.— oroom,  Lat. 
tubes,  .Vnn.  of  Ik>t.,  vol.  lii.  1889,  p.  165. — Hoffmann,  in  Natiirl.  Pnanignfam.,  !▼.  Teil,  Abt.  5, 
1889,  pp.  89  9 J.— Kohl,  KaUcA.  etc,  i88<>,  pp.  143  and  333. — Krach,  Faad  di  soctegno  peiidclid 
dello  »tclo  dcllc  Cichoriac,  Malpighia  iti,  18S9,  pp.  358-66. — Petit,  Petiole,  Actes  Soc  Linn, 
de  >k)rdcau\,  t.  43,  1889,  p.  31  and  pi.  i. — Rosa,  Tessato  assimilat.  e  periderma,  NaoT.  Giom. 
bot.  ital..  vol.  xxi,  1889,  p.  333. — Scott,  Lat.  tissae,  Ann.  of  Bot.,  vol.  iii,  1889,  p.  447. — 
Douliot,  Pcritlcnnc,  .\nn.  sc.  nat.,  i^r.  7,  t.  x,  1889,  pp.  386,  387. — Daniel,  Bract!^  d.  C, 
/Vnn.  sc.  nat.,  icr.  7,  t.  xi,  1890,  pp.  17  33  and  pi.  3  -8. — Vesqne,  in  Bull.  Soc  bot.  de  France  1889, 
p.  1x1.— Ilelli.  in  Malpighia,  vol.  iii,  1890,  Tav.  xvi — Brandza,  Rcch.  anat.  s.  les  hybrides,  Compt. 
rend.,  t.  cxi,  1890,  p.  317  ct  leq.  and  Revue  de  bot.,  t.  li,  1890,  p.  443  et  sea. — Delpino,  Osienraz. 
etc.,  Malpt^hia.  vol.  iii,  1890,  se)>arate  copy,  p.  31. — Kruch,  Fusto  della  Dahlia  imperiaiis^ 
Nuov.  Ciioro.  bot.  Ital,  vol.  xxii,  1890,  pp.  410  13  and  Ann.  R.  1st.  bot.  di  Roma,  toI.  t,  Case  3, 
>^^>.>>  }>•  4'- — Kruch,  l-a>ci  midoU.  dcUe  Cichoriac,  Ann.  R.  1st.  bot.  di  Roma,  vol  iT,  fiuc  i, 
i8(;o,  separate  copy.  90  pp.  and  Tav.  v-zix. — Radlkofcr,  in  Sitz.-Ber.  Miinch.  Akad.  1890,  p.  133. 
—Schumann.  Anat.  d.  C-Siengels,  Bot.  Centralbl.  1890,  i,  pp.  193-6^ — Volkens,  Lack.  HI., 
Ikr.  ilcutsch.  bot.  C>cscll:^:h.  1890,  pp.  lii  6  and  Tab.  viii. — Gobel,  Biolog.  Schild.,  ii,  1891,  p.  17 
ct  ict].  and  Tab.  zii  and  xxiii. — Bkrnecke,  Nebenz.  d.  Spaltoflh.,  Bot.  Zcit.  1 893,  p.  570  et  seq. — 
Panitl.  liract^cs  des  C,  Revue  scient.,  t.  xlix,  1893,  pp.  497-9.~Picdoli,  Rapp.  bioL,  Bull. 
S<K:icta  bot  ital.  1893,  p.  339 — Pomrencke,  Holz  sympet.  Fam.,  Arb.  bot.  Gart.  zu  l^vslau, 
I.  Heft,  1 89 J,  pp.67  9.  —  Knv,  Milchsafthaare  d.  Cichoriac,  Sitz.-Ber.  naturf.,  Freunde  b  Berlin, 
July  1S93,  8  pp. — J.  Muller,  .\nat.  holz.  n.  succ.  C,  Diss.,  Gottingen,  1893,  43  pp.  and  4  Tab. — 
[Nyi^ls.  Obs  anat.  s.  Ics  tubercules  d*Afus  tubercsa  et  d'lItJiaMtkus  tuherosus,  bull.  Soc  roy.  bot« 
de  l^el^iquc,  t.  xxxi,  1893,  pp.  316  30  and  3  Tab.;  ab»tr.  in  lk)L  CentralbL  1893,  iv,  p.  380.J— H. 
Schcnck,  Anat.  d.  Lianen,  1893,  pp.  346-8.— Herbst,  Markstr.,  Pot.  CentralbL  1894,  i,  p.  405 
et  R^.— iicinricher,  in  Bot.  Centralbl.  1895,  iii,  p.  37  and  Tab.  i. — Russell,  Climat  m^  ,  Ann. 
sc.  nat.,  ter.  8,  t.  i,  1895,  p;<.  335  and  347  et  seq. — Wunderlich,  Anat.  Charakt  d.  Cfmnm-bast, 
Ihi^^,  tlrUngen,  1895,40  pp. — Ahlfvengrcn,  Compositestammens  anat  byggn.,  Land,  Diss.,  1896, 
86  pp  ;  ati»tr.  in  ik>t  Centralbl.  1897,  ii,  p.  308. — Diels,  in  Engler,  Bot  Jahrb.,  Bd.  zxii,  1896, 
i>.  313  etc.— Gievillius,  in  Engler,  Bot.  Jsinrb.,  Bd.  xxiii,  1896,  p.  67. — G.  Merer,  Topinambor, 
ber.  (lcut>ch.  bot  Gesellsch.  1896.  p.  351  et  seq.— Krasa,  PutasiUs  KahHkumus,  Oest  boC 
/citvhr.  1S96.  p.  350  et  set],  and  Tab.  vi. — Ijumiewski,  Biol.  d.  Alpenpfl.,  Diss.,  Miinchcn,  1896, 
p.  1 1  ct  !>c(). ;  see  also  Flora  1896. — Parmentier,  in  Ann.  sc  nat,  s^.  8,  t  ii,  p.  31  et  seq. — Virchow, 
Ifla'.t/ahnc,  .\rch.  d.  Pharm.  1 896,  leparate  copy,  pp.  16  and  35. — Zander,  Milchsafthaare  d. 
Cich..  Bibl.  bot..  Heft  37,  1896,  44  pp.  and  a  Tab.— Reiche,  Chilen*  Holzpi.,  Jahrb.  wisa. 
lk>t.  1S97,  p.  91.— Warming.  Halofyt  Stud.,  K.  Danske  Vid.  Selak.  Skr.  1897.  pp.  187,  193,  195, 
iV9  ioj,  313  and  330.— [Kriiger,  Anat  Bau  d.  St  bei  den  C.-Cichoriaccae,  Diss.,  Gottingen,  1898, 
Ho  pp  Noe  v.  Archenegg,  BUttborst  v.  Cirsittm  k.,  Oest.  bot.  Zcttschr.  1898,  p.  409  et  teo.  and 
T.ib  XI.— Peter,  Anat  Bau  d.  Stcng.  in  d.  Gatt.  Stonamra,  Gbtt  Nachr.  d.  Gesellsch.  d.  W. 
1^9^.     S.hinx,  S/JkoiraiUkm  /.,  BulL  Hcrbier  Boissier  1898,  pL  16.] 


C.ANDOLLEACEAE  (STYLIDIACEAE). 

I'p  to  the  present  time  our  knowledge  of  the  anatomy  of  this  Order  has 
Ixn  n  rvsi-ntuilly  confint*d  to  the  anomalous  siem-stmcture,  which  Vesque  first 
diM nUd  xs  occurring  in  certain  species  of  CandoUca  with  elongated  intemodes 
(Siylidium  adnaium^  R.  Br.»  5.  bMiterum^  Benth.»  5.  cicairicosum^  Sond., 
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S.  dichotomum,  DC.,  5.  fnUicosum,  R.  Br.,  5.  *  land  folium^, ^  S.  rkynekocmrpmm^ 
Sond.).     In  these  species  a  transverse  section  of  the  stem  shows  a  ring  of  iso- 


lated vascular  bundles,  which  are  few  in  number  and  slightly  developed^  and  are 
united  by  interfascicular  sclerenchyma  ;  immediately  adjoming  Has  is  a  broad 
ring  of  hbrc-like  sclerenchyma,  wtuch  encloses  a  few  vessels  and  small  phloem- 
groups  '  and  extends  as  far  as  the  endodermis  (Fig.  105).  According  to  Vesque 
and  Van  Tieghem,  the  ring  of  tissue  just  referred  to  originates  tnrougb  the 
activity  of  a  secondary  meristematic  ring,  which  appears  in  the  pericyde 
immediately  internal  to  the  endodermis,  and  forms  sderenchymatoiis  fibres, 
vessels  and  phloem-groups  on  one  side  (the  inner)  only,  and  ultimately  itseU 
passes  over  into  permanent  sclerenchymatous  tissue.  In  the  root  tfaie  same 
anomalous  structure  is  found,  and  not  only  in  S.  adnatum  and  S.  iickoiommm^ 

but  also  in  species  with  a  radical 
rosette  of  leaves  (e.g.  S.  gra$mnifol$mm 
and  5.  spinfdosum)^  the  stems  of  which 
show  normal  structure  (Van  Ti«hem). 
According  to  Van  Ti^hem,  Forsi^m 
Biditnllii  and  F. '  sedoiats  \*  as  well  as 
'  PhyUachne  muscifolia '  ( *  P.  uUgimasM 
ex  Syn.),  also  have  stems  with  normal 
structure.  In  CoUanema  Preissiu  a 
rather  broad  ring  of  fibre-like  sderen- 
chyma  occurs  on  the  inner  side  of  the 
endodermis  and  adjoining  the  ring  of 
vascular  bundles;  it,  however,  lacks 
vessels  and  bast-tissue,  although,  as 
in  the  previous  cases,  it  may  have 
originated  from  a  secondary  meristem. 
The  perforations  of  the  vessels  are 
simple  in  5.  adnatum. 

I  have  investigated  the  leaf- 
stmcture  in  CandolUa  alsimauUs^ 
F.  V.  Miill,  and  C.  gramimfolia^ 
F.  V.  Miill.,  Levenhookia  fami/lara^ 
Benth.  and  Forstera  sp.  (Helms,  in  Herb.  Monac).  The  stomata  are  uregularly 
surrounded  by  ordinary  epidermal  cells.  They  are  found  on  both  sides  in  Can- 
dolUa  graminifolia,  only  on  the  lower  side  in  the  remainder  of  the  above  species  ; 
in  both  species  of  CandolUa  they  are  arranged  so  that  the  pores  are  parallel  to  one 
another  and  to  the  longitudinal  axis  of  the  leaf.  Special  differentiation  of  the 
epidermis  of  the  leaf  is  mentioned  by  Diels  as  occurring  in  PhyUachne  subulaia^ 
F .  von  Miill. ;  the  cells  situated  at  the  margin  and  in  the  median  line  of  the 
leaf  have  extremely  thick  walls  and  are  prosenchymatous. 

Oxalate  of  lime  has  not  been  observed  in  this  Order  ;  on  the  other  hand« 
nuclear  crystalloids  ar^*  found  in  the  epidermis  of  the  leaf  and  in  the  meso- 
phyll  (Zimmermann  and  Raunkjar).  A  hairy  covering  Ls  found  on  the  stem  of 
Levenhookia  pauci flora,  in  the  form  of  short  unicellular  hairs,  shaped  like  fingers, 
and  glandular  hairs  with  long  multlseriatc  stalks  and  spherical  heads  com- 
posed of  a  few  cells.  In  Forstera  sp.  peculiar  cells  with  secretory  contents  occur 
in  the  lower  epidermis  of  the  leaf. 

It  remains  to  be  mentioned,  that  the  occurrence  of  inulin  has  been  demon- 


FlG.  io<;.  Trttnverwe  arction  of  a  Uem  ci  Stjiiditnm 
m^mmHtm,  R.  Br.  fextroding  from  the  pkh  to  tKe  eodo- 
dcrmitt.— Oriipnal. 


St  rated  in  the  genus  Stylidium  by  G.  Kraus. 


*  .\nnon  sphalnuic  ex  *  tarici/oiium,  Foir.'  ? 

^  Van  Tieghcm  mentions  that  the  tecoodary  tiaaoe  of  5*.  adftaimm  cootaiof 
bundles ;  this  does  not  qaite  mcree  with  what  has  been  said  abore. 
'  Annon  sphalmate  ex  *  sedi/oiim  *  f 
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Utcntttre:  G.  Kimm,  in  BoC  Zctt  1877,  p.  3J9.— VcKioe,  in  Aaa.  tc  oaL,  i^.  6,  t.  tU,  1878, 
pp.  904^8  ADd  pi.  17  — Vmn  TSeghem,  ia  1^1.  Soc.  hoc.  de  Kranoe  1883,  p.  308  and  1884,  p.  164. 
—Van  Tk^bem  and  Mococ,  ia  Ann.  sc  oat,  t^.  6,  t  xix,_iS84,  pp.  38 1 -4  and  pi.  13.— ScMoland, 

Pflanacnaelle,  J.  Haft,  1891, 


in  NaL  Pftuuenfiim..  iv.  Tail,  Abl.  5,  1889,  pp.  80-1 

p.  1*6.— Dtdt,  ia  Kaficr,  BoC  Jahrt.,  Bd.  udt,  1896,  p.  155. 


GCX)DENIACEAE. 

The  anatomy  of  the  Goodeniaceae  is  still  incompletely  known.  An 
important  feature,  in  consideration  of  their  close  affinity  with  the  Lobeliaceae, 
is  the  absence  of  laticiferous  tubes,  but  inulin  has  b^n  shown  to  occur  in 
the  genera  Goodenia^  SeUiera^  EuikaUs^  and  Scaevola  by  G.  Kraus. 

Hie  stmctore  of  the  leaf  has  been  investirated  by  me  in  Goodenia  ovaia^ 
Sm.,  Selliera  radicam^  Cav.,  Scaevola  Lobelia,  Murr.»  and  Dampiera  Brownii, 
F.  V.  Miill.,  and  by  Briquet  in  Brunonia. 
The  stomata,  which  occur  either  on  the  lower 
surface  only  (Goodenia  ovata,  Daminera 
Brownii),  or  on  both  surfaces  of  the  leaf,  are 
surrounded  by  a  varying  number  of  epi- 
dermal cells  without  distinctive  shape  in 
the  species  examined  by  me,  whilst  in  Bru- 
nonia they  are  surrounded  by  four  subsidiary 
cells,  two  of  which  lie  })arallel  to  the  pore, 
while  the  other  two  are  applied  to  the  narrow 
ends  of  the  |iair  of  guard  cells.  The  leaf- 
structure  is  typically  bifacial  (e.g.  in  Dam- 
fnera  Brownii),h\ii  is  centric  in  Scaevola  Lobelia. 
Thf*  mesophyll  of  Brunonia  is  peculiar,  its 
cells  lH*ing  elongated  parallel  to  the  surface 
of  the  leaf.  Tlie  vascular  bundles  of  the  veins 
are  surrounded  by  a  suberised  sheath  in 
Gixydema  m^ata ;  tney  are  supported  by  a 
Mlerenchymatous  arc  in  Selliera  radicans^ 
whilst  in  Dampiera  Bramnii  tx>th  sheath  and 
sclerench>'ma  are  wmnting.  Hair-like  scleren- 
chymatoas  celk,  branched  like  an  Ophiurid, 
hiive  lH*en  ol>ser\'ed  in  the  mesophyll  of 
numeroas  sjx^ies  of  Dampiera  by  O.  Bach- 
niann ;  sihcititHl  grou|)s  of  cells,  m  the  formation 
of  which  lH>th  epidermal  and  subjacent  mesophyll  cells  take  part,  have  been 
(>l>s<Tve<i  in  Dampiera  Brownii,  I  have  met  with  oxalate  of  lime  in  the  form  of 
small  cr>Ntalhne  Ixxlies  in  the  mesophyll  of  Goodenia  and  Dampiera,  Both 
( lothinf^  and  glandular  hairs  are  found.  The  former  include  the  very  short  uni- 
( (*llul.ir  sclerenchymatous  hairs  of  Goodenia  ovaia,  the  simple  uniseriate  hairs 
of  Brunonia  and  [)eculiar  hairs  resembling  a  fir-tree,  and  occurring  in  Dampiera 
Hnnrmt  (Fig.  106,  A-B).  The  upper  |)ortion  of  the  trichomes  last  mentioned 
consists  of  unicellular,  shortly-staJked,  two-armed  hairs  with  eaual  arms,  which 
are  pbc(*d  one  above  another,  in  such  a  way  that  the  arms  01  successive  tiers 
never  fall  into  the  same  vertical  plane,  but  intersect  one  another  at  an  acute 
an^le  V  The  glandular  hairs  in  Goodenia  ovaia  and  Scaevola  Lobelia  are  shortly 
stalktMl  jM-ltate  glands,  the  shield  of  which  consists  of  a  few  cells  separated 
by  radial  walls  ;  it  ls  slightly  lobed  at  its  margin  owing  to  the  convex 
projiTtion  of  the  component  celk ;  on  the  other  humd,  Calogyne  Berardiana. 


FlO.  106.  THdMOM^  or  the  r.oo4p«ui- 
crttc:  A,  •,  li«ir  np«nnl»|iiif  a  fir-lrcc  and 
beWiag  to  l)mm^rm  Hrwwmti,  F.  v.  If tU. ; 
a.  a  tfaw  ie  ctll  Jofint  of  tier  of  tlir  ■imi  — 


'  *  StdUte  hain '  are  ffUtcd  bjr  tfitcaiatiiti  to  occur  b  Stmtmim  and  yerrt^mstm  besides  Dmmpkr^L ; 
their  itfvctBre  it  laokoown. 
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F.  V.  Miill.  has  glandular  hairs  with  a  uniseriate  stalk  and  an  dUpsoidal  bead 
made  up  of  a  few  cells. 

Concerning  the  anatomy  of  the  wood  the  following  facts  may  be  quoted 
from  the  statements  in  my  '  Holzstniktur  ^ ' :  the  vessw  have  simple  perfora- 
tions and  bordered  pitting  where  they  are  in  contact  with  parenchyma  of  the 
medullary  ra)rs.  The  wood-parenchyma  is  only  slightly  devdc^wd.  Tbc 
medullary  rays  are  usually  one  or  two,  rarely  as  much  as  four  ceOs  m  breadth, 
and  are  elongated  in  the  vertical  direction.  The  wood-prosench)rma '  has 
bordered  pitting. 

With  regard  to  the  structure  of  the  cortex,  Vesque's  observations  have 
shown  that  the  primary  cortex  of  Goodenia  ovata  and  Scmeoolm  Plutmun 
is  lacunar,  and  that  the  periderm  arises  subepidermally  in  Scmevol^  wfaikt 
pericyclic  development  of  cork  is  known  through  Briquet's  work  to  occur  in 
the  rhizome  of  arunonia. 

In  some  species  anomalous  siem-stmctore  occurs,  consisting  essentially  in 
the  appearance  of  meduUary  vascular  bundles.  This  has  been  investigated  in  the 
greatest  detail  in  Goodenia  ovata  by  Vesque.  A  transverse  section  throuc^  an  inter- 
node  of  the  stem  (Fig.  107)  of  this  sp)ecies  shows  five  (medullary)  vascuLr  bundles 
on  the  inner  side  of  the  peripheral  vascular  ring,  which  is  closed  owing  to  the 
formation  of  interfascicular  wood ;  these  bundles  have  normally  developed  bast  on 


T^  . 


Fig.  107.    Diagrammatic  trantverac  •ection  of  the  anouialoat  avit  of  GootUmi*  oi*aJm^  Smkk— OrifittaL 

tlie  outside  and  penetrate  more  or  less  deeply  into  the  peripheral  ring  of  wood  and 
bast,  which  is  far  less  strongly  developed  at  these  points  than  elsewhere.  The 
meduUary  vascular  bundles  are  further  separated  from  the  peripheral  xylem- 
ring  by  a  medullary  sheath  composed  of  septate  prosencnynia,  which  has 
thick  walls,  rather  wide  lumina  and  simple  pits,  and  sometimes  entirely  surrounds 
the  medullary  bundles.  Vesque  has  shown  that  these  medullary  vascular  bundles 
are  leaf-traces,  which  subsequently  pass  into  the  peripheral  ring  of  bundles. 
In  addition  to  G,  ovaia,  Vesque  only  found  them  in  G.  hcUrophyUa^  Sm.,  among 
the  numerous  species  of  Goodenia  examined  by  him  ;  and  among  other  members 
of  the  Order*  he  only  met  with  them  in  Selliera  radicans,  Cav.,  and  'Distylis  ' 
(^Calogyne,  R.  Br.)*. 

'  Specks  of  Gcodema^  Statvcla^  and  Dampiera  were  tnYeitigatctl. 

'  The  tissue  of  tbc  medullary  sheath  of  Ccodinia  (see  below)  does  oot  bcloof  to  tbc  wood* 
prosen  charms. 

'  Besides  the  above  Vesaoe  exAmiaed  species  of  Dmmpura^  Ltschtmmulti^  S€anmUL^  and  KaAtml 
*  Distylis  Berarditma,  QvoA,^CmUfym  Btnurdiamti,  F.  t.  MUIL  is  probably  ioicadcd. 
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Utenitnre:  Vetque,  Anat.  comp.  de  T^corce,  Ann.  fc.  nat,  ier.  6,  t  ii,  1875,  p.  I46  and  pL  10 
and  Aoat.  da  G0eJ,  mm£a,  loc  dt.,  wtx.  6,  L  iii,  1876,  pp.  3i3-2iS  and  pi.  19. — G.  Krans,  in  Bot  Zeit. 
1 S77,  n.  329  (lee  alio  Sitz.-Ber.  Halle'ich.  Natnrf.-Veis.  1875). — Solcreder,  Holzstr.,  1885,  pp.  158-HO 
— O.  Hadimann,  in  Flora  1886,  icparate  copy,  p.  18. — Schdnland,  in  Natiirl.  Pflanignfam  ,  iv.  Teit, 
AbL  5,  18S9,  p.  71  (anomaly  of  C^o^Umia  tnconectly  interpreted). — Briqaet,  Bntn^mia,  Boll,  de 
IHerbier  Hoissier,  t.  iv,  1896,  pp.  317-33.— Wanning,  Halofyt  Stod.,  K.  Danske  Vid  Selslc.  Skr. 
i»97,  p.  209. 

CAMPANULACEAE  (incl.  Lobeliaceae). 

The  occurrence  of  inulin  and  laticiferous  vessels  in  this  Order  constitutes 
an  approach  from  the  anatomical  point  of  view  to  the  Compositae  and  more 
especially  to  the  Cichoriaceae,  which  the  Campanulaceae  resemble  in  other 
respects. 

Since  Prantl  discovered  inuhn  in  Campanula  rapunculoides^  it  has  been 
shown  to  occur  in  a  number  of  genera*  by  G.  Kraus.  The  latidferous  tubes 
of  the  Campanulaceae  •  have  been  especially  examined  by  Trdcul.  In  the  axis 
the  chief  seat  of  their  occurrence  is  the  inner  region  of  the  phloem  (i.e.  the  part 
nearest  the  xylem  of  the  vascular  bundle).  In  many  cases  they  are  not  to  be  found 
m  the  periphery  of  the  phloem-groups  or  in  the  pnmary  cortex  (species  of  AtUno- 
pkora.  Campanula^  Lobelia^  PhyUuma)  or  they  are  only  of  isolated  occurrence ; 
in  other  cases,  however,  they  occur  abundantly  (species  of  CetUrapogon^  Isotoma^ 
Lobelia,  Musschiay  Piddingtonia^  SiphocampyluSj  Tupa),  In  the  latter  case  they 
sometimes  extend  as  far  as  the  epidermis  (Mussckta  aurea^  Tupa  FcuiUei^  &c.) 
and  in  one  species  (Siphocampylus  maneitiaefiorus)  they  even  penetrate  it  and 
form  small  papillae  on  the  surface  of  the  branch.  In  those  species  which 
possess  medullary  vascular  or  phloem-bundles  (see  below),  the  latici- 
ferous tubes  are  also  to  be  found  in  the  soft  bast  of  these  bundles.  They 
have  not  In^^n  obser\'ed  in  the  xylem  or  pith  in  the  Campanulaceae 
sens.  str.  nor  in  most  of  the  LobeUaceae.  In  other  Lobeliaceae  (e.g.  Cenlr<h 
po^on  surinamensiSy  Lobelia  sypkiliticay  Siphocampylus  manetiiaefiofus^  Tupa 
saltcifolia)  Tr^cul  met  with  them  in  the  peripheral  part  and  occasionally  also  in 
the  mterior  of  the  pith,  and  these  medullary  laticiferous  tubes  were  found  to 
Ix-  connected  with  those  in  the  cortex  by  means  of  branches,  traversing  the 
xyK-m-ring.  In  the  leaf  the  laticiferous  tubes  occur  in  the  veins,  being  generally 
(Campanula  grandis^  Centrapogon  surinamensis^  Tupa  salicifolia^  &c.)  situated 
on  the  lower  side,  more  rarely  (Campanula  rapunculoideSy  Lobelia  laxiflora, 
&c.)  on  the  upper  side  of  the  vascular  bundles ;  they  are  also,  but  not  always, 
found  free  in  the  mesophyll  (e.g.  in  Canarina  campanulaia  and  species  of 
Campanula  ;  but  not  in  jasione  monlana).  E.  Schmidt  has  demonstrated  the 
occurrence  of  a  protoplasmic  body  and  of  nuclei  in  the  laticiferous  tubes. 

The  leaf-structure  has  been  examined  in  a  general  comparative  manner  by 
\'esque  and  presents  no  special  features.  It  is  important  that  the  stomata  are 
not  surrounded  by  any  special  subsidiary  ceUs,  but  by  a  varying  number  of 
irreg\ilarly  arranged  epidermal  cells  ;  the  initial  cell  divides  by  one  or  by  several 
cur\e(l  and  vanously  orientated  division- walls.  Large  water-pores  appear 
always  to  occur  on  the  upper  surface  of  the  glands  which  terminate  the  leaf- teeth 
and  are  developed  even  on  the  cotyledons.  Oxalate  of  hme  has  not  been 
ohvcrved.     The  sphere-crystak,  which  Baccarini  met  with  *  in  alcohol- material 

'  Th'  «c  are  :    Adem^pkora^  Campanula,   Ctntrofcg^n,  Is^lphus,  Isoicma,  Lobtlia,  Mi(kauxia^ 

*  IjitKifcioas  tubes  have  hitherto  00I7  been  demoostrmted  in  a  small  number  of  the  genera 
Adencf-kora,  Campammla,  Camanma,  Cmtrwpogam,  Isatpma,  Lohtlia,  Musukia,  Pkyttuma,  Piddittg- 

tpnia,  Sipkoiampytus  and   TarAtf)  ;  bot  the  statemenU  of  S}-stematist«  lead  one  to  assume  a  wide 
and  perhaps  universal  distribotloo. 

*  Nuclear  crTttalloids  have  been  dcmoofllratcd  in  the  palisade-ti»iie  of  species  of  Campamula 
(Zimmcrmann,  Fflansenxclle,  Heft  I,  1890,  p.  7s  and  Heft  s,  1891,  p.  127). 
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of  Campanula  Cervicaria,  L.,  Trachelium  coeruleum,  L.,  and  Specularia  Speculum^ 
A.  DC,  must  not  be  confounded  with  oxalate  of  lime.  As  r^ards  the  hairy 
covering  it  may  be  pointed  out  that  glandular  hairs  are  wanting.  The  clothing 
hairs  are  unicellular  and  occasionally  siUcified,  as  first  mentioned  by  De  Baryin 
the  case  of  Campanula  Cervicaria  and  by  Wettstein  in  Hedraeanthus,  Heinricher 
has  described  peculiar  reduced  forms  ot  hairs  as  occurring  in  Campanula  persici- 
folia,  C,  grandis,  Fisch.  et  Mey.,  and  C.  paiula,  L.  In  these  species  the  hairs  are 
reduced  to  quite  small,  solid,  conical  lumps,  which  are  brittle  and  hence  easily 
broken  off,  and  only  project  sHghtly  beyond  the  level  of  the  outer  wall  of  the 
epidermis  ;  at  the  same  time  a  cystolith-Hke  peg  of  membrane,  which  is 
often  distinctly  stratified,  projects  from  the  outer  wall  into  the  lumen  of  the 
cell ;  both  this  and  the  external  knobs  are  silicified.  Vesque  observed  similar 
*  cystolith  '-hairs,  in  which  he  also  records  a  calcification  of  the  membrane ; 
while  H.  Schenck  describes  a  delicate  skeleton  of  carbonate  of  lime  in  the  long 
simple  unicellular  hairs  of  Campanula  medium^  which  have  a  verrucose  surface. 

In  the  structure  of  the  axis  the  anomalous  features  have  formed  almost 
the  sole  subject  of  investigation  ;  they  consist  in  the  occurrence  of  medullar}* 
vascular  bundles  and  phloem-strands,  and  of  cortical  bimdles.  Before 
passing  on  to  discuss  these,  I  will  communicate  the  little  that  is  known  of  the 
remaining  features  of  wood  and  cortex.  According  to  Douhot,  internal  cork- 
formation  (in  the  pericycle)  takes  place  in  the  subterranean  axes  of  Tupa 
ignescens  and  Campanula  alata.  I  have  investigated  the  structure  of  the  wood 
in  detail  in  Siphocampylus  dupioserratus^  Pohl,  RoMa  dliataj  L.,  and  Ligki- 
fooiia  tenella,  DC.  (Strasburger  in  Campanula  Vidalii),  The  transverse  section  oi 
the  wood  in  these  species  shows  vessels  of  no  great  diameter  (up  to  045  nmi.)  and 
medullary  rays  which  may  be  as  much  as  four  cells  in  breadth  (Siphocampylus). 
The  perforations  of  the  vessels  are  simple  and  mostly  elliptical,  occasionally  elon- 
gated-elliptical (Siphocampylus) ;  in  Koella  and  Lightfootia  scalariform  perfora- 
tions with  few  bars  are  also  found  in  small  numbers.  The  vessels  have  tSwdered 
pits  on  their  walls,  including  those  which  are  in  contact  with  the  tissue  of  the 
medullary  rays.  The  wood-prosenchyma  of  Siphocampylus  has  simple  pits,  and 
is  occasionally  septate  ;  on  the  other  hand,  in  RoeUa  and  LighifooHa  the  wood- 
prosenchyma  has  bordered  pits.  The  wood-parenchyma  is  developed  in  some 
abundance  in  Lightfootia  only. 

The  medullary  phloem  and  vascular  bundles,  of  which  I  am  now 
about  to  speak,  have  been  observed  in  the  genera  Campanula,  Hedraeanthus, 
Michauxia,  Phyteuma,  and  Symphyandra,  They  do  not,  however,  occur  in  all 
but  only  in  certain  species  of  these  genera  *.  Their  systematic  importance 
depends  solely  on  their  occurrence  or  absence  in  individual  species ;  their 
detailed  structure  and  their  number  sometimes  vary  considerably  in  the 
same  species,  as  Petersen's  and  J.  E.  Weiss's  investigations  have  shown.  The 
leaf-trace  nature  of  these  bundles  has  been  demonstrated  in  species  of  Cam- 
pamda  by  J.  E.  Weiss.  Westermaier  brings  the  occurrence  of  these  bundles  in 
the  genus  Campanula  into  relation  with  the  abundance  of  flowers,  because  medul- 
lary bundles  are  not  to  be  found  in  any  sp)ecies  which  has  few  flowers,  as  loag 
as  the  height  attained  by  the  plant  is  small.  This  law  is  based  on  the  investi- 
gation of  fifty-four  species  and  is  thoroughly  intelligible  on  physiological  grounds 
relating  both  to  the  nutrition  and  the  mechanics  of  the  plant,  but  the  converse 


^  The  anomaly  in  question  has  been  obsenred  in  the  following  CampanaUceae  (sent,  ttr.)  aocordinc 
to  Petersen,  Westermaier,  Herail  and  others  :  Campanula  aiitariae/oiia,  C.  bommumsii,  C  '  Coin- 
trapa,'  C.  Cervicaria  (according;  to  Tr^ul  contrarv  to  H^il),  6\  crispa,  C,  ditmrgtms,  C.  jiwy/*, 
C.  Grossekii  (according  to  Petersen  contrary  to  Herail),  C.  interrupia,  C  iamiifiiim,  C.  imt^fifiu, 
C.  macran/Aa,  C,  multifloray  C.  ptnduta,  C.  pefraea,  C.  pyramii/aliiy  C.  rk^mhmdem,  C*  1  ufkmu  i>. 
C.  sarmaiica,  C,  Trade  Hum  ;  liedratanthus  sp. ;  MickoMxia  campanutoid^s ;  Pkyigmmm  '' 
folium  ;  Symphyandra  pendula. 
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docs  not  hold  good,  since  tall  species  with  many  flowers,  such  as  C.  rapuncuhides^ 
L.  and  C.  medium,  L.,  may  have  normal  structure. 

The  follo\%'ing  statements  regarding  the  varied  differentiation  of  the  medullary 
vascular  bundles  and  phloem-strands  within  the  genus  Campanula  are  derived  from 
the  works  of  Petersen  and  J.  £.  Weiss.  In  Campanula  lati folium  and  C.  Tra- 
c helium,  according  to  Petersen,  isolated  bundles  of  soft  bast  are  found  at  the 
outer  margin  of  the  pith  ;  in  the  first-named  species  thev  are  only  separated  from 
the  xylem  of  the  normal  rinf;  by  a  few  layers  of  cells,  ana  in  the  other  species  they 
come  into  still  closer  connexion  with  the  normal  vascular  bundles,  so  that  the  latter 
appear  to  have  bicoUateral  structure.  According  to  Petersen  C.  diver  gens  possesses 
similar  medullary  bundles  of  soft  bast,  some  of  which  are,  however,  in  this  case 
accompanied  by  rudimentary  xylem-groups.  In  this  way  a  transition  is  established 
to  the  structure  of  other  species  of  Campanula  (such  as  C.  alliariaefolia,  C.  ghmerata, 
C.  lamiifolia,  C.  pyramidalis,  also— see  above — C  lalifolia^  according  to  J.  £.  Weiss), 
in  which  vascular  bundles  are  present  in  the  pith.  These  medullary  vascular 
bundles,  which  occur  especially  m  the  peripheral  part  of  the  pith,  are  collateral 
and  mverselv  orientated  in  the  simpler  cases;  their  xylem  is  external,  their 
bast  internal.  Occasionally  (e.g.  in  C.  lati  folia)  they  are  isolated,  but  they 
frequently  (e.g.  in  C.  glomeraia)  coalesce  to  form  a  closed  ring  of  bundles.  In 
other  cases  (ce.  C.  sarmatica)  concentric  vascular  bundles  with  central  phloem 
and  ixjriphcral  xylem  occur,  and,  probably  by  the  fusion  of  such  strands, 
medullary  strips  and  rings  of  bundles  arise ;  these  exhibit  a  band  of  soft  bast 
in  the  middle  and  both  externally  and  internally  to  this  a  strip  of  xylem. 
All  these  internal  vascular  bundles  have  cambial  tissue  between  wood  and  bast, 
whether  the  bundles  arc  isolated  or  fused  together.  In  the  case  just  mentioned, 
in  which  ^rou()s  of  bundles  with  a  central  band  of  phloem  and  two  peripheral  bands 
of  wmxl  occur,  there  are  also  two  cambial  layers  present  in  the  normal  positions. 
With  regard  to  the  other  genera  it  may  be  mentioned  that  Michauxia  campanuloides 
has  one.  Phyieuma  limonifolium  two  rings  of  inversely  orientated  vascular  bundles 
in  the  pith. 

In  connexion  with  the  discussion  of  the  medullary  vascular  bundles  we  may 
shortly  refer  to  the  occurrence  of  medullary  cork  in  relation  to  the  medullary 
bundles,  as  was  observed  by  H^rail.  In  CampaMu/a  ^yr<imt<fa/i5  a  cork-cambium 
forming  cork  internally  arises  on  the  inner  side  of  the  bundles,  which  are  arranged  in 
a  nn^  and  are  inversely  orientated  ;  in  Pkyteuma  limonifolium  the  formation  ol  cork 
takes  place  at  the  periphery  of  the  central  medullary  ring  of  bundles.  The  develop- 
ment of  cork  in  the  pith  of  the  stem  has  not  been  observed  in  any  Order  other  than 
the  Campanulaceac. 

Cortical  vascnlar  bundles  have  been  observed  bv  J.  £.  Weiss  in  Campanula 
pyramtdalis,  and  by  Bower  in  Lobelia  rhynchopetalum,  Hemsley. 

The  cortical  bundles  of  Campanula  pyramidalis  are  of  the  nature  of  leaf- 
traces  ;  they  are  3-5  in  number,  and  are  perhaps  always  composed  of  two  or  more 
\  ascular  bundles ;  they  are  concentric  with  central  xylem  ana  possess  a  cambium. 
In  api^arance  they  arc  not  unhke  the  peripheral  rings  of  vascular  bundles  of 
certain  Serjanieae. '  According  to  Bower,  tne  accessory  cortical  bundles  in  Lobelia 
fh\fuhopeiaJum,  a  palm-hke  plant,  are  not  of  the  nature  of  leaf-traces,  but 
arise  from  strands  of  secondary  mcristem  in  the  primary  cortical  parenchyma.  The 
indiMdual  strands  have  central  xylem  and  peripheral  bast,  and  mcrease  in  thick- 
ness by  cambial  activity.  Their  course  is  not  vertical,  i.e.  in  the  direction  of  the 
axis,  but  is  obliaue  to  the  latter;  in  their  entirety  they  form  a  network,  which  is  also 
conncM.ted  with  the  leaf-trace  strands,  passing  directly  into  the  normal  ring  of  bundles. 
( )n  the  whole,  the  system  of  cortical  bundles  of  Lobelia  rkynchopetalum  reminds  one 
of  .tnalo^ous  structural  features  in  the  genus  Cycas,  and  the  shoot  of  the  Lobelia  in 
iiN  (litterent  parts  so  closely  resembles  that  of  the  latter  genus,  that  if  found  in  the 
tos^ii  slate  It  could  scarcely  be  distinguished  from  a  Cycas, 

literature:  Hanstein,  Milchsaftget,  Berlin,  1864.  pp.  13  and  74  et  teq. — Santo,  in  Bot.  Zdt 
>^5.  r  i7'>.— Hippel,  MOchiaftgef:,  KoCtercUm,  1865.— Trteil,  Lact.  dam  les  C,  CompC  rend., 
I.  Ixj.  1*^65,  p.  929  ct  tcq.  and  Adansonia,  t.  rii,  pp.  174-83.— Dc  Banr,  VergL  Anat,  1877. — 
<;.  Kraus  in  r.ot.  Z«it.  1877,  p.  328.— SchmalhanMn,  Milchiaftbeb.,  Mem.  de  TAcad.  d.  ic.  de 
St  -Pcierahoiir';.  icr.  7,  t.  xxir,  n.  t,  1877,  pp.  ja-5. — Wettennaier,  Aboonn.  Dic-Typoi,  Siti.- 
iWr  t^rliner  Akad.  1881,  pp.  1064-9— £.  Schmidt,  Plasmak.  d.  gegL  Mikhr..  Bot.  ZdL  188s. 
PP  444.  445.— Petersen,  in  Engler,  Bot  Jahrb.,  Bd.  iU,  i88j,  pp.  387-92.— Bower,  Stmct  of  the  item 
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of  Rkynck^pettdum  mmUamum,  Joum.  Linn.  Soc,  toL  u,  1883,  pp.  440-6,  pL  36-S.— J.  £.  Wcui, 
Markst.  GefissbiindclmL,  Bot  CcntimlbL  1883,  iti,  pp.  325,  358  and  401  ct  teq.  nod  Tat.  L— 
H.  Schcnck,  WandTent  an  Pfl.-Haar.,  Diss.,  Boon,  1M4,  p.  33.— VBillemin,  in  HnlL  Soc.  boC  de 
France  1884,  p.  a66.~Heinricher,  Redoc.  Org.  bd  Camp,  etc,  Ber.  dcotich.  boC  GcteOick.  18S5, 
pp.  4-13  and  Tab.  ii.— Vetqne,  Gamop^talet.  Ann.  tc.  nat.,  i^.  7,  t  i»  1885,  pp.  aai-3. — Hteil, 
Ti^  d.  Die.,  Ann.  k.  nat.,  %ki.  7,  t.  ii,  188^,  pp.  390-3  and  pL  aa-^Solmdcr,  Holatr.,  iSSs, 
pp.  159,  16a— Pirotu  c  Marcatili,  Vasi  Utidferi  etc,  Ann.  R.  lit  bot  di  Roma,  Abbo  ti,  1886, 
n.  a;  abttr.  in  last  1886,  i,  p.  93a.'Volkent,  Ae(Tpt-arab.  Wiitte,  1887,  pp.  199,  i30.^WctMciB. 
Mooogr.  T.  Hedroiantkus,  Denkichr.  Wiener  Akad.  1887,  p.  i8k  et  teq-'Doaliot  m.  Aon. 


Mooogr.  T.  Hedratanihus,  Denkichr.  Wiener  Akad.  1887,  p.  i8k  et  •eq.—Donliot  m  Aon.  tc 
nat,  %kx.  7,  t  z,  1887,  jp.  383.— Baccarini,  Sfcrocristalli,  Malpi|^  ii,  1888-9,  P>  9>— DckiKl, 
Milchiaftbch.  etc.,  Dili.,  ErUngen,  1889,  p.  18  et  leq.— Scfcibaland,  in  NatttrL  Pflanienliua.,  nr.  Tcfl, 
A.^   -   --^ -    -Scl^mann,  Anat  Bezleh.  d.  C  etc,  Bot.  CentzalbL  1800,  iii.  pp.  1-5 

I.— Straiborffer,  Lettnngibahnen,  Jena,  1891,  p.  337.— Hcrim,  Mmrkstr. 

[04.— GreTiUiai,  in  Engler,  Bot  JahrtK,  Bd.  znii,  1896,  p^  73.— Roadl, 


Abt.  5,  1889,  pp.  41,  43.— Sehgmann,  Anat  Bezleh.  d.  C  etc,  Bot.  CentzalbL 

(▼ery  unclear  itaterocnti  1). — " 

Bot  Centralb.  1894,  i,  p.  404. 

Climat  mM.,  Ann.  ic.  nat,  i^.  8,  t  i,  1895,  p.  343, 


VACCINIACEAE. 

This  Order  is  distinguished  anatomically  by  a  tendency  to  form  scalaiiform 
perforations  in  the  vessels,  by  internal  development  of  cork,  by  the  occurrence 
of  clothing  and  glandular  hairs  (for  the  latter  see  Fig.  108),  and  by  the  stomatal 
apparatus,  which  consists  of  a  pair  of  guard-cells  with  a  single  subsidiary  ceO 
on  each  side,  and  placed  parallel  to  the  pore.  The  wood-prosenchyma  has 
simple  and  bordered  pits.  Oxalate  of  lime  is  excreted  in  the  form  of  clustered 
or  solitary  crystals.  Special  internal  secretory  receptacles  arc  wanting. 
Of  all  the  features  mentioned  above,  the  stomatal  apparatus  is  the  only  one 
which  distinguishes  this  Order  from  the  very  closely  related  Ericaceae. 

The  details  of  the  leaf-structure  have  been  examined  more  especially  by 
Niedenzu',  and  the  following  statements  are  based  principally  on  his  work.  The 
cuticle  exhibits  very  great  variation  both  as  regards  thickness  and  consistency. 
In  the  first  place  all  transitions  are  found  from  auite  a  thin  cuticle,  as  in  Vac* 
cinium  erythrocarpum,  Michx.,  to  one  of  considerable  thickness,  as  in  the  species 
of  Psammisia.  Where  a  thick  cuticle  occurs  it  is  either  soft,  as  in  AgapHes^  or 
may  be  hard  and  even  stony,  as  in  most  of  the  Thibaudieae.  All  these  features 
can  be  made  use  of  for  special  anatomical  diagnosis,  if  the  necessary  caution  is 
exercised.  Thas  almost  all  the  Thibaudieae  are  characterized  by  a  thick  and 
hard  cuticle  ;  the  Vaccinieac  of  the  sections  Oxycoccoides^  Euvaccinium^  and 
Cyanococcus  have,  without  exception,  a  thin  or  only  slightly-thickened  cuticle, 
and  the  Vaccinieae  of  the  sections  VUis  Idaea  and  fJeurodesia  have  a  well- 
developed  cuticle.  In  the  Thibaudieae  the  cuticle  is  very  frequently  provided 
with  a  scaly  covering  of  wax ;  in  a  similar  way  the  leaf-surface  of  Vaccinium 
angustifolium,  Benth.,  has  a  white  bloom  owing  to  excretion  of  wax.  The 
occurrence  of  cuticular  ridges  is  another  peculiarity  of  the  cuticle,  occasionally 
appearing  in  this  Order.  Apart  from  the  cuticle  the  epidermis  of  the  upper 
side  of  the  leaf  shows  a  whole  series  of  anatomical  features,  most  of  which  can 
be  shown  to  be  correlated  with  the  nature  of  the  habitat ;  they  are  mostly  of 
importance  for  the  diagnosis  of  species  only.  In  the  case  which  we  will  take  nrst« 
the  epidermis  of  the  upper  side  of  the  leaf  is  simple  and  commonly  consists 
of  flat  cells  with  thin  straight  or  undulated  lateral  walls,  as,  for  instance, 
in  the  Vaccinieae  of  the  section  Eiauicctnifim,  further  in  V,  pensylvanicum^ 
Lam.,  V.  canadense,  Kalm,  and  V,  ayikrocarpum,  Michx.     In  the  Vaccinieae  of 


*  In  Eiiglcr,  ikx.  Jahrb.^  Kd.  xi,  1S89.  Niedcnsu  investigated  the  following  fcnera:  («)  in  the 
tribe  Thibaudieae  :  Cavendukia^  Ceraipstemtma^  Eurygamia^  Semiramisim^  Hormmammia^  Aimtitmrnm^ 
Piommisia,  Saiyria^  Diittrigma^  ThikatdU^  TktmistaUsia,  Soph^Utia,  Spkyrptpcrmmm ;  {h\  in 
the  tribe  Eavaccinieac :  Gayiusstuim^  Vmcanium,  Agapetts^  Pentapterygimm,  Oxyioecui,  The  delimi- 
tation of  both  tribes  is  here  taken  as  defined  by  Nicdcnzn  (not  as  in  Dnrand's  Index)  tod  the  aaaci 
of  the  two  tribes  are  nsed  in  the  same  tenie  in  the  text  above. 
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the  section  Cyanococcus^  and  in  Gaylussacia^  the  epidermal  cells  likewise  have 
thin  walls,  but  are  high;  they  serve  as  water-reservoirs  and  accordingly 
show  a  bellows-like  folcUng  of  their  lateral  walls.  The  epidermal  cells  of  the 
up[)er  side  are  of  a  palisade-like  shape,  and  have  thick  walls  in  Vaccinium 
Moritzianum,  Klotzsch,  V.  polystachyum,  Benth.,  and  generally  in  the  section 
Vitis  Idaea,  as  well  as  in  Oxycoccus  macrocarfus^  Pers.  Gaylussacia  pinifolia^ 
fh.  et  Schl.,  and  Satyria  Warszewiczii^  lilotzsch,  again  are  distinguished 
by  quite  a  special  type  of  differentiation  of  the  upper  epidermis.  In  the 
first  of  these  two  sp)ecies  the  walls  of  the  epidermal  cells  are  provided  with 
a  spiral  or  reticulate  thickening.  Satyria  Warszewiczii^  Klotzsch,  has  epidermal 
cells  which  have  almost  the  appearance  of  stone-cells  in  surface  view ;  the 
thickening  and  pitting  of  the  wall  here  extends  to  the  internal  walls  (i.e.  those 
parallel  to  the  leaf-surface)  and  also  to  the  lateral  walls.  In  other  members 
of  the  Order,  a  hypoderm  is  developed  beneath  the  epidermis  on  the 
up(>er  side  of  the  leaf.  It  consists  of  one  or  more  layers  and  its  walls  are  also 
variously  differentiated.  In  Vaccinium  cariauum^  Miq.,^  and  in  several  species 
of  Distcri^ma  \  a  one-layered  hypoderm  is  found  beneath  the  upper  epidermis ; 
its  walls  are  not  specially  thick  and  its  cells  exceed  those  of  the  epidermis 
in  volume.  In  other  cases  the  internal  walls  (i.e.  those  parallel  to  the  leaf-sur- 
face), as  well  as  the  lateral  walls  of  the  one-layered  hypoderm,  are  strongly 
thickened  :  this  is  the  case  in  by  far  the  greater  number  of  the  Thibaudieae 
investigated  by  Niedenzu  (MacUania^  Psammisia^  Eurygania^  Ceratostemma^ 
Cavendishia,  &c.).  A  similar  strong  thickening  of  the  internal  cell-wall  (i.e. 
that  parallel  to  the  leaf-surface)  is  shown  by  the  innermost  cell-layer  of  the 
many-layered  hypoderm  of  Psammisia  nitida^  Klotzsch.  Finally,  in  some  cases, 
a  hyjKKlerm  of  several  layers  of  cells  with  thin  walls  occurs  ;  it  is  recorded  by 
Niedenzu  as  consisting  of  one  or  two  layers  in  *  Vaccinium  polyanihum,  Miq.'  and 
several  sj^cies  of  Disterigma,  and  of  at  least  two  layers  throughout  in  other  species 
of  Disteri^ma,  in  Satyria  Warszewiczii^  Klotzsch  and  5.  clonantha^  Klotzsch  (in 
Niedenzu's  work  *  chloranika '  by  a  slip),  as  well  as  in  Thibaudia  flaribunda^  Bl. 
The  stomata,  as  has  already  been  stated  above,  are  alwa)rs  accompanied  by 
two  subsidiary  cells,  placed  parallel  to  the  pore.  As  a  rule,  the  stomata  are  only 
found  on  the  lower  surface  of  the  leaf.  Niedenzu  met  with  them  on  the  upper 
side  in  I'accinium  erythrocarpum^  Michx.,  and  occasionally  also  in  V,  MyrttUus, 
A  further  noteworthy  feature  in  the  structure  of  the  epidermis  is  the  absence 
in  the  X'acciniaceae  of  the  gelatinization  of  epidennal  or  hypodermal  cell- 
membranes,  which  occurs  in  the  Ericaceae. 

The  mesophyll  hkewise  presents  various  structural  features.  In  the 
simplest  case  a  differentiation  into  palisade  and  spongy  tissue  is  scarcely 
indicated,  the  mesophyll  consisting  of  thin-walled,  almost  isodiametric  paren- 
chymatous cells,  e.g.  in  the  species  belonging  to  the  sections  Euvaccinium 
and  Cyanococcus  of  the  genus  Vaccinium.  In  other  cases  the  leaf-structure 
is  bifacial,  in  others  again  centric.  Other  structural  differences  are  con- 
nected with  the  thickness  of  the  walls  of  the  mesophyll-cells.  A  portion 
<»t  these  cells  is  commonly  distinguished  by  having  thick  walls,  while  the 
remainder  of  them  have  thin  waJls  ;  these  latter  take  part  in  the  storage  of 
water  and  occasionally  show  a  concertina-like  folding  of  their  walls,  which  may 
Ih'  regarded  as  an  indication  of  such  a  function.  In  the  species  of  Vauinium^ 
belonging  to  the  section  Vitis  Idaea^  there  is  a  tendency  for  all  the  cell- walls  of 
the  a-sNimilatory  system  to  become  uniformly  thickened ;  in  MacUania  Hum- 
holdtuinu,  Kl.,  the  uppermost  palisade-layer  has  thin,  the  remainder  of  the 
mesophyll  thick  walls ;  in  Themtstoclesia  pendtda^  Kl.,  the  outer  jx)rtion  of  the 


•  />;..vr»\,'w«i   i«  the  lection  Dittfn'^a^  Klotzsch  of  the  gentu  yatctmittm,  which  Nicdenzo 

rniiC'i  It'  i:encric  rank. 
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mesophyll  has  thick,  the  inner  portion  thin  walls,  and  so  on.  The  structure 
of  the  mesophyll  of  Sophoclesia  nummulariaefolia^  Kl.,  deserves  special  notice  in 
this  connexion ;  here  the  uppermost  palisade-layer,  which  contains  scanty  chloro- 
phyll, consists  of  thin-wsJled  cells,  i  mm.  in  height  (which  dwindle  to  ^  nmL, 
by  concertina-like  folding  of  their  lateral  walls,  on  the  withdrawal  of 
water) ;  the  next  following  layers  of  cells  successively  decrease  in  size,  con- 
tain more  chlorophyll  and  have  thicker  walls  ;  so  that  they  are  progressively 
more  and  more  adapted  to  assimilatory  functions.  The  successive  degrees 
of  thickening  of  the  lateral  walls  in  the  various  layers  is  attained  in  a 
curious  manner ;  the  cells  of  the  second  palisade-layer  are  stiffened  by  band- 
shaped  strips  of  thickening,  placed  parallel  to  the  leaf-surface,  and  in  the 
succeeding  cell-layers  the  number  of  unthickened  strips  of  wall  continually 
decreases.  Sophoclesia  major ^  Benth.  et  Hook.,  has  the  same  differentiation  of 
the  first  palisade-layer  as  5.  nummulariaefolia  ;  the  remainder  of  the  mesophyD, 
however,  is  imiformly  thick-walled.  The  occurrence  of  stone-cells  in  the 
spongy  tissue  of  Cavendishia  melastotnoides,  Benth.  et  Hook.,  remains  to  be 
mentioned. 

The  vascular  bundles  of  the  veins  are  usually  circular  in  transverse  section 
and  are  embedded.    Niedenzu  has  met  with  bundles  of  sclerenchymatous  fibres 


Fig.  io8.    Glandular  haira  of  the  Vacciniaceae :  A,  yaccmtmm  Viiis  Idmta^  L.;  B,  K  ruin^tum^  Ait.;  C, 
MacUania  cordata^  Van  Hoatte ;  D,  B,  Vacduiufm  eliipHcum^  Miq.— After  Niedenia. 

('  marginal  bast ')  in  the  margin  of  the  leaf  of  Vaccinium  VMs  liaea^  and  some 
of  the  Thibaudieae. 

The  trichomes  present  are  clothing  and  glandular  hairs.  The  former  are 
either  simple  unicellular  hairs,  which  vary  in  length  and  in  the  thickness  of 
their  walls  (in  both  tribes),  or  are  simple  uniseriate  hairs  (frequent  amongst  the 
Euvaccinieae).  The  glandular  hairs  may  be  referred  to  three  types.  To  the 
first  belong  the  glandular  hairs  of  Gaylussacia.  The  stalk  of  these  hairs  is 
multiseriate  throughout,  or  at  least  basally,  and  may  be  either  long  or  short ;  in 
the  first  case  the  head,  which  does  not  consist  of  a  very  large  number  of  cells,  is 
small,  in  the  second  case  it  is  large.  The  second  type  is  formed  by  the  glandular 
hairs  of  Vaccinium  and  Oxycoccus^  where  the  stalk,  which  is  almost  invariably 
biseriate,  and  the  multicellular  head,  which  is  composed  of  isodiametric  cells,  are 
of  about  equal  length  (Fig.  io8,  A-B ").  Finally,  the  third  type  is  represented 
by  the  narrow,  tongue-shaped,  glandular  hairs  of  Vaccinium^  sect.  Epigynium^ 
of  Agapetes,  and  all  the  Thibaudieae  (Fig.  io8,  C-£).  These  show  no  ^fiferentia- 
tion  into  stalk  and  head,  and  consist  mostly  of  two,  in  Epigynitim  and  AgateUs 
of  three  or  more,  rows  of  isodiametric  cells.  These  tongue-shaped,  glandvdar 
hairs  are  nearly  always  bent  over  towards  the  apex  of  3ie  leaf  in  a  direction 


'  Similar  external  glands  ciose  the  Vlandalar  nature  of  the  lemf-teeth  of  V4£€imimm  MrrtiJimt 
(Reinke).  ^^ 
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parallel  to  that  of  the  midrib,  are  often  firmly  adpressed  to  the  epidermis,  and  fuse 
with  it  in  their  lower  portions  or  occasionally  throughout  their  entire  length. 

Oxalate  of  lime  is  excreted  in  the  leaf  in  the  form  of  clustered  and  solitary 
crystals.  The  former  have  the  wider  distribution.  According  to  Niedenzu, 
solitary  crystals  are  characteristic  of  the  generic  section  Euvaccinium^  clustered 
crystals  of  the  sections  Viiis  Idaia^  and  Cyanococcus. 

Little  is  known  concerning  the  structure  of  the  axis.  The  development  of 
cork  takes  place  in  the  pericycle  in  Vaccinium  internally  to  the  primary  bast- 
fibres  (Douliot,  Maury).  According  to  Simon,  the  bast-fibres  are  provided  with 
bordered  pits,  as  in  the  Ericaceae.  The  structure  of  the  wood 
was  investigated  by  me  in  Thibaudia  longifolia^  H.  B.  K.,  Penia- 
pterygium  rugosum^  Hook,  f.,  Gaylussacia  hrasilUnsis^  Meissn., 
and  Vaccinium  uliginosum,  L.  The  numerous  vessels  of  the 
wood  have  no  great  diameter  in  these  species  (maximum  diameter 
=•  024  —  045  mm. ).  The  medullary  rays  are  usually  three-seriate 
and  less,  in  Thibaudia  as  much  as  six  cells  in  breadth.  The  perfora- 
tions of  the  vessels  vary.  Gaylussacia  brasili^nsis  has  scalariform 
perforations  only  (with  2-14  bars) ;  similarly  Vaccinium  MyriUlus^ 
L.,  according  to  Chalon.  In  PentapUrygium  rugosum^  Thibaudia 
lon^i folia  and  Vaccinium  uliginosum^  scalariform  and  simple  per- 
forations are  present  side  by  side,  the  latter  often  having  an 
elongate-elliptical  outline  ;  in  the  last-named  species,  moreover, 
perforations  of  a  special  kind  are  found,  since  the  division  wall  f>c.     ini| 

of  the  vessel  is  traversed  by  very  numerous  small  round  pores  »^^^^X!^  S 
(Fig.  IOC)).  Spiral  thickening  of  the  vessel- wall  has  been  ob-  l^^Zm'^il'L 
MTved  in  the  above-mentioned  species  of  Thibaudia^  Penia-  OrifiiTaj!' 
pterygium,  and  Gaylussacia^  as  well  as  in  Vaccinium  Myrtillus. 
Where  in  contact  with  parenchyma,  the  vessel-wall  in  PeniapUrygium  usually 
bears  large  simple  pits,  in  the  rest  of  these  plants  bordered  pits.  The  wood- 
parenchyma  Ls  little  developed.  In  a  small  number  of  cases  the  wood  prosen- 
chyma  is  provided  with  simple  pits,  but  mostly  bordered  pits  are  found ; 
the  lumen  of  the  wood-prosenchyma  bearing  simple  pits  is  conmionly  septate 
by  means  of  delicate  transverse  walls.  The  pith  is  homogeneous  in  the  species 
ot  Vaccinium^  Oxycoccus^  and  MacUania^  investigated  by  Gris. 

literatnrr  :  Gris,  Moclle,  Noov.  Arch.  Miu.  d'hist.  nat.,  t.  vi,  1870,  pp.  350-1. — Reinke, 
SckrrtioQsorg.,  Pring«heim  Jaiirb.,  BJ.  x.  1876,  p.  157. — Vesqoe,  Gamopctiucs,  Ann.  sc.  nat., 
^cr.  7,  I.  I,  1SS5,  pp.  340-4. — Solcredcr,  Holistr.,  1885,  pp.  160-1. — Maviy,  Struct.  de»  yatcimium 
etc..  Joam.  de  bot,  t.  i,  i^S;,  pp.  104  and  115  et  scq. — Uooliot,  in  Ann.  tc  nat^  s^.  *,  t.  x,  1889, 
IT  373-4.— Nic^enin,  .Anat.  liao  d.  Laobbl.  d.  Artetoidcse  n.  Vacdnioideate  etc,  En^lcr,  Bot. 
jahrb.,  \V\.  xi,  1S90,  pp.  134  and  177  et  Kq.,  tab.  vi-xi, — Simon,  Vcrgl.  Anat  d.  Epacrid.  n.  Ericac, 
Kxi^lcr.  tV>L  JahrU,  Ha.  xtii,  1S91,  pp.  15-46  and  Tab-  ti. 

ERICACEAE. 

1.  Review  of  the  Anatomical  Features.  This  Order  possesses  only 
.1  irw  promment  characters  common  to  all  its  members.  A  special  point  of 
<lirtrrtnce  (rom  the  Vacciniaceae  lies  in  the  fact  that  the  stomata  are  sur- 
r«»iin(lecl  by  several  epidermal  cells  in  nearly  all  cases  (excepting  Diplycosia  and 
a  tt  w  s|x?ries  of  Gaidthcria).  Special  secretory  receptacles  are  wanting,  as  in 
thr  Wicciniaceae.  The  Ericaceae,  like  the  Vacciniaceae,  have  a  tendency  to 
tlu'  formation  of  scalariform  perforations  in  the  vessels,  but  simple  perforations 
art'  also  to  In?  found  accompanying  the  scalariform  type  ;  the  mechanical  tissue 
iA  the  xylem  consists  principally  of  wood-prosenchyma  with  bordered  pitting. 
Thf  vcNstl<  generally  have  small  lumina  and  their  walls  are  provided  with  small 
N»r(iered  pits.     It  still  remains  to  be  determined  whether  the  internal  develop- 
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ment  of  cork,  observed  in  this  Order,  as  well  as  the  bordered  pitting  of  the 
bast-fibres,  mentioned  by  Simon,  is  characteristic  of  all  the  species.  The 
leaves  usually  have  bifacial  structure.  Oxalate  of  lime  is  excreted  in  the 
form  of  clustered  or  solitary  crystals.  The  hairy  covering  is  very  varied 
(Fig.  no).  The  clothing  hairs  include  simple  unicelluku:  or  uniseriate 
hairs,  tufted  hairs  (Clethra\  abietiform  hairs  (Rhododendron)^  and  multi- 
seriate  shaggy  hairs  (Gaultherieae,  Niedenzu,  Epigaea,  Erica,  Oxydendron, 
PieriSy  Rhododendron),  Glandular  hairs  of  the  most  varied  forms  also  occur, 
including  glandular  shaggy  hairs ;  and  lastly,  peltate  hairs  are  found 
(Rhododendron^  Lyonia,  and  Cassandra)^  some  of  the  latter  having  a  glandular 
function.  Numerous  anatomical  characters  in  the  leaf-structure  have  been 
determined,  and  these  can  be  employed  for  special  diagnosis.  Amoqg 
these  are  :  the  varied  thickness  of  the  cuticle,  a  coating  of  wax  on  the 
cuticle,  the  varied  structure  of  the  walls  of  the  epidermsu  cells,  the  forma- 
tion of  epidermal  papillae  on  the  lower  side  of  the  leaf  (Rhododendron,  &c.),  the 
gelatinization  of  the  epidermis,  a  many-layered  epidermis  (Diplycosia,  GMid- 
theria,  PerneUya,  and  Rhododendron),  various  types  of  leaf-structure,  which  arc 
often  curious  in  the  ericoid  forms,  sclerenchymatous  fibres  in  the  mesc^hyll 
(DiplycosiUy  GatdtheriUy  PerneUya),  branched  spicular  cells  in  the  tissue  of  the  1^ 
(Rhododendron  jasminifiorum.  Hook.)  and  other  features,  which  will  be  discussed 
in  the  special  part. 

2.  Structure  of  the  Leaf.  With  regard  to  this  subject  the  literature 
contains  papers  (Vesque,  Simon),  which  treat  of  the  entire  Order  in  a  general 
comparative  manner,  as  well  as  such  as  are  only  concerned  with  certain  tribes. 
In  the  latter  connexion  the  investigation  of  the  Rhodoreae  by  Breitfdd  \  oi 
the  Arbuteae  by  Niedenzu ',  and  of  the  Ericeae  by  Mori  and  Ljungstrdm,  may  be 
mentioned. 

Even  the  cuticle  shows  a  considerable  number  of  structural  variations. 
Niedenzu  mentions  that  it  varies  in  thickness  in  the  Arbuteae ;  thus  it  is  thin  in 
ArctostaphylQs  cUpinay  but  very  strongly  developed  in  A,  uva  ursi.  Breitield 
reports  the  same  variation  in  those  Khodoreae  which  he  investigated.  Thus 
nearly  all  species  of  Rhododendron  (of  the  sections  Vireya,  Eurhododendron,  and 
Osmothamnus)  are  distinguished  by  the  possession  of  a  strong  cuticle  on  the  upper 
side  of  the  leaf ;  in  the  remaining  sections  of  Rhododendron,  and  in  R.  graaU, 
Low,  and  R,  lepidotum.  Wall.,  as  well  as  in  most  other  Rhodoreae,  the  cuticle 
remains  thin.  As  a  rule,  the  cuticle  is  less  strongly  developed  on  the  lower  than 
on  the  upper  side  of  the  leaf,  as  is  usual  in  other  Orders.  An  exception  to  this  rule 
is  only  afforded  by  a  few  species,  especially  among  those  of  the  genus  Cassiope,  the 
leaves  of  which  are  closely  adpressed  to  the  stem,  the  lower  side  being  exposed 
to  the  sun  and  to  free  access  of  air,  and  exhibiting  the  stronger  cuticle.  The 
occurrence  of  cuticular  ridges,  which  arise  by  folmng  of  the  cuticle  and  may 
occasionally  attain  a  considerable  height,  is  very  conunon.  Gruber  records  such 
cuticular  ridges  in  all  the  species  of  Erica  which  he  investigated.  In  the  Rho- 
doreae they  appear  to  be  wanting,  or  are  at  any  rate  rare,  to  judge  from  Breitfeld's 
statements.  Amongst  the  Arbuteae  Niedenzu  has  met  with  them  for  exampk  in 
Gaultheria  antipoda,  Forst.,  and  has  found  them  to  be,  on  the  whole,  widely 
distributed  in  many  species  of  Arhutus  (A.  Andrachne,  L.,  &c.).     Simon  names 

^  Breitfeld  investigated  nomeroos  species  of  the  genns  Rkododendrvn^  at  well  as  nedet  oC  tk 
genera  Rhodothamnm ,  Leiophyllum,  MenzUsia^  IJaboecia,  k'almim^  Bryimthus^  Lmselemrtm,  Myiii^r 
and  Ledum. 

'  The  material  investigated  by  Niedenzu  consisted  of  species  of  the  foUowing  senaa :  («'  n 
the  group  Arbuteae:  Arbutus  and  Arctosiathyhs \  (^)  in  the  group  Andromedeae :  Fnhmmtkmi 
IHtris,  I.yoniay  Andromeda^  Casswpt,  CassoMara,  Leiuotkoe\  Aguuria,  A^arisUi,  ZenMm^  Oxydem^m, 
Epiffoea  and  Orphanidtsia  ;  (r)  in  the  group  Gaultherieae :  GouUkirta^  Dipfycnim,  Oumgiiwm  tad 
Chiogims.  When  the  Arbuteae,  Andromedeae,  and  Gaultherieae  are  spokca  of  in  the  foUoviBC 
description,  these  groups  are  to  be  taken  as  delimited  by  Niedentu  in  the  namier  just  *"H|p^^^ 


ERICACEAE  481 

Befaria  phyUireaefolia  and  B.  gratuii/hra,  as  well  as  the  genus  Grisebackia  in 
this  connexion.  In  some  cases  a  coating  of  wax  has  been  observed  on  the 
cuticle  {Andromeda  deaibaia^  according  to  De  Bary,  and  A.  polifolia^  L.).  Other 
structural  characters  relate  to  the  differentiation  of  the  epklermml  ceOs  them- 
selves. Their  lateral  walls  may  be  either  straight  or  undulated.  In  the  simplest 
case,  the  epidermis  consists  of  one  layer,  and  we  shall  first  refer  to  the  structural 
peculiarities  of  this  simple  epidermis.  Its  cells  generally  have  a  cubical  or 
flat  tabular  shape.  Only  rarely  do  they  show  a  high  rectangular,  palisade- 
like form  in  transverse  section,  e.g.  in  Arbutus  Unedo^  L.,  and  Pemetfya  serpylli- 
folia,  DC.,  according  to  Niedenzu,  and  in  some  species  of  Leucothoi  (L.  num- 
mularia,  &c.),  according  to  Simon.  The  epidermal  cells  also  exhibit  differences 
with  regard  to  the  thickness  of  their  walls.  Thus,  according  to  Niedenzu, 
they  have  thin  walls  and  wide  lumina  in  Ardostapkylos  alptna^  Enktanlhus 
himalaicus.  Hook.  fil.  et  Thoms.,  and  £.  (MeisUrsia)  cemuus  (Sieb.  et  Zucc.), 
thick  walls  and  narrow  lumina  in  some  species  of  Ardostapkylos,  in  Chiogenes 
kispiduia,  Torr.  et  Gray,  in  the  species  of  Cassiope  and  other  Andromedeae. 
Similarly,  according  to  Breitfeld,  the  epidermal  ceUs  are  smaU  and  have  thick 
walls,  in  the  species  of  the  section  Osmothamnus  of  Rhododendron,  also  in  Leto* 
phyllum  buxifolium,  £11.,  Rkodotkamnus  Ckamaecistus,  Reichenb.,  and  Kalmia 
angustifolia,  L.,  whereas  in  the  species  of  the  sections  Azalea,  Tsusia,  Rhodor^ 
astrum,  AzaUastrum,  and  Therodendron  of  the  genus  Rhododendron  they  are  large 
and  have  delicate  walls.  Strong  thickening  of  the  internal  cell-walls  of  the 
epidermis  (i.  e.  those  parallel  to  the  leaf-surface)  is  a  special  pecuUarity,  found 
in  Cassandra  (Lyonia)  ferruginea  (Nutt.)  Niedenzu  and  Pieris  pkiUyreaefolia, 
IX\  Simon  observed  retiaiLte  thickening  on  the  external  walls  in  Leucoihof 
pulchra,  and  the  same  structure  is  found  on  the  lateral  walls  of  the  epidermal 
cells  in  Pyroia  (Ramischia)  secunda.  According  to  Simon,  gelatinization  of  the 
internal  walls  of  the  epidermal  cells  is  very  widely  distributed  in  the  tribes 
Enceae  and  Rhodoreae ;  on  the  other  hand,  Simon  did  not  observe  this 
feature  in  any  of  the  Arbuteae,  Andromedeae,  and  Pjrroleae.  Radlkofer 
records  gelatinization  of  the  epidermis  in  Erica  camea,  E.  multiflora,  CaUuna 
vulgaris,  and  Arbutus  Unedo;  as  further  examples,  Simon  mentions  Blaeria 
rruoiJes,  Kalmia,  and  Befaria,  whilst  Gruber  quotes  the  species  of  Erica,  in- 
vestigated by  him,  and  Vesque  Rhododendron  retusum.  According  to  my  own 
investigation.  Rhododendron  gracUc,  Low,  has  similar  gelatinized  epidermal  cells, 
the  inner  portions  of  which  penetrate  deeply  into  the  mesophyll ;  this  species, 
by  the  way,  has  a  simple  epideqnis,  contrary  to  Breitfeld's  description,  the 
structure  in  Question  having  been  quite  incorrectly  interpreted  by  him  in 
the  species  of  Rhododendron  mentioned,  and  perhaps  also  in  other  species  of  the 
siTtion  Vireya.  The  formation  of  papillae  on  the  lower  epidermis  remains  to  be 
mentioned.  According  to  Breitfeld  and  Vesque,  they  are  found  in  numerous 
sjx^ies  of  Rhododendron,  in  Kalmia  glauca.  Ait.,  and  A.  latifolia,  L. ;  in  Kalmia 
gluticii,  .\it.,  the  papillae  are  long  and  hair-hke,  and  devoid  of  a  lumen  (Fig. 
no.  A).  The  many-layered  epidermis,  of  which  I  am  now  about  to  speak, 
ha>  hitherto  only  been  obser\'ed  in  the  Arbuteae  and  Rhodoreae,  and  not  in  the 
Eru  t  Me  and  Pyroleae.  Breitfeld  has  given  a  detailed  description  of  the  many- 
lay*  ret!  epidermis  of  the  genus  Rhododendron  and  distinguishes  two  cases.  In 
thr  tir>t  case,  the  cells  of  the  individual  layers  (up  to  three  in  number)  are 
essentially  similar  to  one  another  in  structure,  e.g.  in  the  species  of  the  section 
Lurhydodendron.  In  the  second  case,  the  epidemus  consists  of  two  layers  and 
tlu-  lowrr  layer  is  distinguished  from  the  upper  one  by  the  specially  large  size 
<>t  the  eelK  ;  this  Ls  the  case  in  most  species  of  the  section  Vireya  (\iith  regard 
to  R.  i:riiaU  see  above).  I  may  add  that  in  R.  jasminiflorum.  Hook.,  which 
IvlongN  to  the  section  Vireya,  tlw!  cells  of  the  second  layer  show  gelatinization 
ot  then  internal  membranes.  With  regard  to  the  group  investigated  by 
-.:  ri...  I  i 
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Niedenzu,  he  describes  the  epidermis  in  the  species  of  the  section  EuagansU 
of  the  genus  Agarista  as  consisting  of  two  or  three  layers  in  places  only,  since 
only  a  certain  number  of  the  epidermal  cells  undergo  secondary  division  by 
means  of  horizontal  or  oblique  walls  into  2-3  ceUS.  Niedenzu  observed  a 
typical  many-layered  epidermis  in  numerous  species  of  GauUheria  and  Ptnuttyi 
and  in  Diplycosia  heUrophylla^  Bl.  In  this  case  the  various  ceU-layers  of  the 
epidermis  are  either  of  similar  structure,  as  in  Rhododendron^  or  the  inner  ceBs 
are  distinguished  by  their  considerable  size. 

The  stomata  are,  as  a  rule,  situated  on  the  lower  side  only  of  the  leaves. 
In  the  species  with  rolled  leaves,  they  are  without  exception  found  only  in  the 
grooves  on  the  lower  surface.  Stomata  are  present  on  both  sides  of  the  leaf  in 
Arctostaphylos  tomentosa^  Dougl.,  Epigaea  repens^  L.,  Pyrola  minor^  L.,  and 
Cassiope  hypnoides^  Don  ;  they  are  present  only  on  the  upper  side  in  Cassiope 
lycopodioidesy  Don,  the  leaves  of  which  are  adpressed  to  the  stem  and  have 
palisade  cells  on  their  lower  side.  The  stomata  are  never  distinctly  sunk 
below  the  surface,  whilst  in  this  Order  in  very  many  cases  they  project  above 
the  level  of  the  epidermis.  This  is  the  case,  for  example,  in  the  species  of  the 
sections  Vireya  and  Eurhododendron  of  Rhododendron^  according  to  Breitfeld 
and  invariably  in  those  species  in  which  the  stomata  are  situated  in  grooves. 
An  important  point  of  difference  from  the  Vacciniaceae  lies  in  the  fact  that  in 
the  Ericaceae  the  stomata  are,  as  a  rule,  surrounded  by  several  neighbourine 
cells,  which  have  no  distinctive  shape.  According  to  Niedenzu,  it  is  quite 
exceptional  to  find  in  the  Ericaceae  one  (as  in  GauUheria  Ehrenbergtana, 
Klotzsch,  but  not  in  all  species  of  GauUheria)  or  several  {Diplycosia)  subsidiary 
cells,  placed  parallel  to  the  pore  on  both  sides  of  the  pair  of  guard-cells. 

The  mesophyll  shows  bifacial  structure  in  most  cases.  Centric  leaf-stnK- 
ture  has  only  been  observed  in  a  few  species ;  among  these  are  Erica  cupressins, 
according  to  Ljungstrom,  in  which  a  single  layer  of  palisade-tissue  is  fouxid 
beneath  the  whole  of  the  epidermis,  and  species  of  Arctostaphylos^  according  to 
Niedenzu,  in  which  the  entire  mesophyll  is  composed  of  palisade  tissue.  In  the 
Rhodoreae,  the  varied  relative  thickness  of  the  palisade  and  spongy  tissues  is  d 
systematic  value,  according  to  Breitfeld.  From  amongst  Niedenzu's  state- 
ments we  may  first  mention  that  the  arms  of  the  cells  of  the  spongy  tissue 
are  either  developed  only  in  one  plane,  parallel  to  the  leaf-surface,  or  on  aU  sides 
('  flat-armed  '  and  *  spreading-armed  *  spongy  cells).  In  the  forty-six  spedes 
of  Gaultheria  investigated  by  Niedenzu,  the  cells  of  the  spongy  tissue  are  flat- 
armed  ;  in  Pernettya  cells  of  both  shapes  occiur.  Spongy  cells  with  thick  walk 
have  been  observed  by  Niedenzu  in  species  of  GauUheria  and  PemeUyd. 
a  bellows-like  folding  of  the  longitudinal  walls  of  the  palisade-tissue  is  found  in 
species  of  Arbutus  and  some  Gaultherieae.  The  differentiation  of  the  meso- 
phyll is  especially  characteristic  in  the  rolled  leaves  of  the  species  of  EricM. 
the  grooves  of  which,  as  may  be  mentioned  in  passing,  originate  secondarily 
on  the  lower  side  of  the  leaf,  just  as  in  Empetrum,  according  to  LjungstrdnL 
Mori,  and  Gruber  ;  thus  it  comes  about  that  the  outer  surfaces  of  the  margins 
of  the  leaf,  which  appear  to  be  revolute,  belong  to  the  lower  and  not  to  the 
upper  side  of  the  leaf.  The  rolled  leaves  of  Erica  have  either  one  or  two 
grooves,  according  to  Ljungstrom  ;  in  the  grooves  spongy  tissue  occurs  above 
(internal  to)  the  epidermis,  which  is  provided  with  stomata  at  these  points ;  00 
all  other  parts  of  the  leaf  an  epidermis  devoid  of  stomata  occurs,  and  beneath 
(internal  to)  it  there  is  generally  palisade-tissue  (for  details  see  LjnngstrSin). 
The  curious  leaves  of  Cassiope  Redowskii^  Don,  and  other  species  also  belong  to 
the  class  of  rolled  leaves  ;  according  to  Niedenzu,  they  have  the  form  of  a  pocket 
oi)en  below  and  of  lanceolate  outline.  The  outer  wall  of  these  pocket-shaped 
leaves  is  composed  of  two  parts,  viz.  that  part  which,  ascending  from  the  point 
of  insertion,  is  adpressed  to  the  stem  and  corresponds  to  the  upper  side  of 
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the  leaf,  and  that  part  which  joins  on  to  the  former  below,  but  is  turned 
away  from  the  axis  and  belongs  to  the  morphologically  lower  side  of  the  leaf ; 
this  entire  outer  surface  has  an  epidermis  devoid  of  stomata  and,  below  that, 
spongy  tissue  (in  the  outer  wall  of  the  upper  side  of  the  leaf)  or  f)alisade-tissue  (in 
the  outer  wall  of  the  lower  side  of  the  leaf) ;  the  inner  wall  of  the  pocket,  on  the 
other  hand,  has  an  epidermis  provided  with  stomata  and  subjacent  spongy 
tissue.  Other  species  of  Cassiope^  such  as  C.  lycopodiaides^  Don,  c.  MerUnsiana^ 
Don,  &c.,  have  no  such  roUed  leaves,  but  the  leaves  are  flatly  adpressed  to  the 
stem,  and  are  characterized  by  the  development  of  spongy  tissue  on  the  upper 
side  and  of  palisade  parenchyma  on  the  lower  side,  while  the  stomata  are  limited 
to  the  upper  side.  Finally,  the  following  special  structures  occurring  in  the 
mesophyll  remain  to  be  mentioned  :  sclerenchymatous  fibres,  running  irregu- 
larly in  the  mesophyll  (in  Diplycosia  pUosa^  Bl.,  and  D,  kderopl^Ua^  Bl., 
Pcrn^tya  hrasUUnsis^  Niedenzu,  Gatdtheria  Uucocarpa^  Bl.,  according  to 
Niedenzu) ;  slightly  branched  spicular  cells,  elongated  perpendicularly  to  the 
leaf -surf  ace,  in  the  palisade-tissue  of  Rhododendron  jasminiflorum  (according 
to  my  own  observatioas),  and  groups  of  sclerench>Tnatous  fibres  at  the  margin 
of  the  leaf  (sjiecies  of  PrrneUya,  Gatdtheria,  Leucothof,  and  Erica,  according  to 
Niedenzu  and  Ljungstrom). 

The  viL^cular  bundles  of  the  veins  are  mostly  accompanied  by  mechanical 
tissue.     The  smaller  veins  may  be  either  embedded  or  vertically  transcurrent. 

Oxalate  of  lime  is  excreted  *  in  the  form  of  clustered  or  solitary  crystals. 

The  trichomes  exhibit  very  great  variety  in  their  degree  of  differentiation. 
In  order  to  give  a  suitable  comparative  description,  I  divide  them  into  three 
classes,  viz. :  (a)  clothing  hairs  (in  the  narrower  sense,  not  taking  into  account 
clothing  hairs  of  })eltate  shape) ;  (h)  glandular  hairs  (in  the  narrower  sense, 
excluding  glandular  hairs  of  |>cltate  shape) ;  (c)  peltate  hairs,  which  will  be 
discusst-d  separately,  their  function  being  partly  clothing,  partly  glandular. 

The  clothing  hairs,  taken  in  the  sense  just  mentioned,  are  in  the  simplest 
case  ordinary  unicellular  trichomes,  either  long,  vnlh  thin  walls,  or  shorter,  with 
thick  walls  ;  both  forms  are  widely  distributed  in  the  Order.  \  further  type  is 
constituted  by  simple  uniseriate  hairs.  Long  hairs  of  this  type,  composed  of 
elongated  cells  of  approximately  equal  length,  are  found  in  many  Andromedeae. 
Other  simple  uniseriate  hairs  consist  of  a  basal  portion,  composed  of  a  small 
number  of  almost  isodiametric  cells,  and  of  a  terminal  portion  composed  of  a 
tew  elongated  cells,  e.g.  in  the  genas  Arbuius.  Finally,  the  conical,  uniseriate 
hairs  of  Kalmia  glauca.  Ait.,  are  composed  of  rather  numerous  short  cells  with 
thick  walls.  The  tufted  hairs  of  the  genus  Clcihra  may  be  considered  as  a  modi- 
tication  of  the  simple  unicellular  ty|)e ;  they  consist  of  a  variable  number  of 
simple  unicellular  hairs,  inserted  side  by  side  in  the  epndermis.  Breitfeld 
ol>ser\ed  branched,abietiform  hairs  (Fig.  no,  B)  in  species  of  Rhododendron  (not 
enumerated) ;  these  trichomes  form  a  modification  of  the  uniseriate  clothing 
hairs.  Another  type  of  clothing  hairs  may  be  comprised  under  the  name  of 
shaggy  hairs  (Fig.  no,  C),  which,  at  any  rate  at  the  base,  consist  of  a  varying 
nnml>er  of  rows  of  cells.  They  are  often  of  considerable  length,  but  may  occa- 
sionally 1)0  short.  Sometimes  certain  cells  at  the  periphery  of  the  hair  have 
jK)mttHi  ends  which  project  as  papillae ;  these  are  directea  towards  the  tip  of  the 
hair,  whirh  thas  acquires  a  distinctive  appearance.  The  clothing  shaggy  hairs 
HI  cjuestion  are  recorded  by  Niedenzu  as  characteristic  of  the  Gaultherieae,  but 
he  also  olvstTved  them  in  Oxydendron  arboreum,  DC.,  Epigaea  repens,  L.,  and 
/Vris  flortbunda^  Benth.  et  Hook.     Breitfeld  mentions  similar  shaggy  hairs  as 


^  It   may  t«  pointed   out  thmt  according  to   ZimmefiMUin   (tee   Ptianzcoselle,    a.  Heft,  1891^ 
(>.  I  j;    cr>iulloidt  in  the  nuclei  occw  in  the  iteoi-  and  leal-tiiiiie  of  ^rrvAe. 
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occurring  in  species  of  Rhododendron^  belonging  to  the  sections  Azalea  (where  they 
had  already  been  observed  by  Rauter),  Tsusia^  Rhodorashrum^  Azaleastnm, 
Therodendron,  and  especially  Eurhododendron ;  Vesque  records  them  in  species  of 
Erica  (such  as  E,  dliaris).  Related  to  these  simple  shaggy  hairs,  there  is  a 
series  of  other  forms  of  trichome  which  likewise  come  under  the  heading  of 
shaggy  hairs.  Firstly,  we  have  the  hairs  which  Niedenzu  describes  and  figures 
in  Arctostaphylos  tomenlosa,  Dougl.  These  possess  a  short,  multiseriate  base, 
composed  of  almost  isodiametric  cells  and  sunk  in  the  epidermis  of  the  leaf ; 
a  hair-cell  is  attached  to  the  end  of  this  basal  part.  Other  forms  belonging  to 
the  same  class  are  the  broom-shaped  shaggy  hairs,  which  Breitfdd  descnbes 
in  Rhododendron  Falconeri,  Hook,  f.,  R.  lanatum^  Hook.  f.  (Fig.  no,  D),  and 
R.  fulgenSy  Hook,  f .,  and  the  stellate  shaggy  hairs,  which  the  same  author  men- 
tions in  Rhododendron  grande,  Wight  (Fig.  no,  £),  R,  Falconen^  Hook,  f.,  and 
R,  Hodgsoni,  Hook,  f.,  but  which  he  inappropriately  associates  with  the  true 
peltate  hairs  of  Rhododendron,  The  broom-shaped  shaggy  hairs  of  R.  Falconeri, 
&c.,  consist  of  a  multiserate  stalk  of  short  cells,  to  which  is  attached  a 
bundle  of  uniseriate  branches,  directed  upwards.  The  stellate  shaggy  hairs  of 
the  above-mentioned  species  of  Rhododendron  are  a  modification  of  tbs  broom- 
shaped  form ;  their  stalk  is  short,  and  consists  of  a  few  rows  of  cells ;  the 
uniseriate  rays  point  in  all  directions. 

The  second  class  of  trichomes,  distinguished  above,  is  that  of  the  glandular 
hairs,  excluding  those  of  peltate  form.  These  also  appear  in  the  most  varied 
shapes.  In  Arbutus^  Arctostaphylos  aipina^  and  A,  tomeniosa,  Dougl.,  in  En- 
kianthuSy  and  in  Gaultheria  Myrsinites^Kook,,  and  G.  kispida^  R.Br.,  the  glandular 
hairs  are  of  the  shaggy  type,  i.e.  they  are  multiseriate  hairs,  which  vaiy  in  their 
degree  of  development,  and  are  crowned  by  a  glandular  head  composed  of  a  few 
cells.  In  a  second  series  of  glandular  hairs  the  head  is  more  strongly  developed 
than  the  stalk,  and  in  this  series  we  may  include  the  following  forms.  LyoniA 
ligustrinay  DC.  (Fig.  no,  F),  the  species  of  Pieris  of  the  section  Eupieris  and  also 
Pieris  mariana,  Benth.  et  Hook.,  possess  glandular  hairs,  in  which  the  short  stalk 
is  generally  one  cell,  and  only  locally  two  cells,  in  breadth,  and  bears  a  long 
elliptical  head,  consisting  of  two  rows  of  somewhat  elongated  cells.  Cassiope 
fastigiata^  Don  (Fig.  no,  G),  has  glandular  hairs  with  a  unicellular  stalk  and 
a  head  which  consists  of  a  single  elongated  eUipsoidal  cell,  or  of  several 
similar  cells,  arranged  like  a  row  of  beads  and  constricted  at  the  joints. 
The  glandular  hairs  last  referred  to  are  also  found  in  Cassiope  selaginoides^ 
Hook.  fil.  et  Thoms.  The  glandular  hairs  of  the  species  of  Pieris  belonging  to 
the  sections  Portuna  and  Phillyreoides,  have  a  short  ellipsoidal  or  spherical 
multicellular  head  and  a  relatively  long  biseriate  stalk  (Fig.  no,  H).  The 
glandular  hairs  of  Leticothoi' axillaris,  Don, and  L.  Catesbaei,  Gray  (Fig.  no,/),  are, 
in  reality,  simply  multiseriate  shaggy  hairs,  composed  only  of  short  ceUs ;  their 
upper  part,  consisting  of  cells  with  thin  walls  and  forming  the  elongated  ellip- 
tical glandular  head,  is  scarcely  marked  off  from  the  basal  portion,  the  cells  of 
which  have  thicker  walls.  In  the  Rhodoreae  Breitfeld  also  observed  glandular 
hairs,  which  belong  to  our  present  subject ;  they  occur  in  Ledum,  PhyUodoct^ 
Bryanthus,  and  in  Rhododendron  lanaium.  Hook,  f.,  and  R.  campylocarpum. 
Hook.  f.  They  have  a  short  stalk  and  an  eUipsoidal  head,  which  shows  a 
network  of  polygonal  cell-surfaces  externally.  In  these  two  species  of  Rhodo- 
dendron, twin  glandular  hairs  sometimes  occur,  two  glandular  heads  crowning 
the  biseriate  stalk  of  the  hair  (Fig.  no,  K). 

The  peltate  hairs,  of  which  I  am  now  about  to  speak,  are  found  in  the  genera 
Rhododendron,  Lyonia,  and  Cassandra,  In  its  most  typical  form  the  pdtate 
hair  of  Rhododendron  consists  of  a  short,  multiseriate  staUc  and  a  shield  made  up 
of  two  areas  of  cells,  an  inner  circular  disc  and  an  outer  annular  cone.  The 
first  of  these  areas  presents  a  network  of  polygonal  cells  in  surface  view,  irtiikt 
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Fi<;.  1 10.  Form*  of  trichoiM.  foapd  Hi  thr  Rricacrae.  A,  Papillae  of  die  kmer  ■ide  of  die  leaf  of  Kmhmim 
jiUmcm,  Alt.  K  AbirttfonD  hair,  Iron  RJUdotUmdrom^  ip.  c,  Skafgr  hair  of  R.  situiut.  Sweet.  D,  Brooo' 
«hapr«l  ^haf^cv  hair  of  /f.  Aim/mm,  Hook.  f.  B,  ScdUtr  ■haoT  hair  ^  ^-  grmmd^  Wi^ht.  P.  Extanial 
KUn«i  uf  I.ytmia  ligMttrtm^  1K\  O,  Bxtemal  fland  of  Cttw^JmsHwimUy  Don.  ■,  Bztemal  flaad  of  PitriM 
JUrtbundA^  Hook.  61.  I.  GlaadaUr  hair  of  UmtatkM  CmtMU^i,  (Way.  K,  Doable  f  laadalar  hair  of  RAodedtn- 
Jrott  Um^nm,  Hook.  61.  L,  Pckate  hair  of  R.  mMmtm,  Bl.  M,  R.  I>eltate  hair  of  R.  tmsitiymmmmt.  Jack.  o.  Peltate 
hjiir  ol  //.  />a/A<TMt«r,  Hook,  fit  P.  Ba<Uhaped  peltate  hair  of  R.  pemhUmtm^  Hook.  fil.  <),  Cop-ahaped  peltate 
haiT  ()f  /^  Antlupfogon^  Don.  ■,  Peltate  flaiid  of  ^.  /Trmgim^mm^  L.— A-B,  E,  M-P,  after  Bmtfekl :  P-J,  altar 
Nirilrtuu  ,  1.  ami  g.  alter  O.  Bachmaaa ;  1,  after  De  Bary. 

th(»  second  consists  of  a  simple  ring  of  ray-cells»  elongated  in  the  direction  of  the 
radius  ol  the  shield  (Fig.  no,  L,  Af ,  A^).  Peltate  hairs  of  this  kind  are  mentioned 
by  ().  Bachmann  as  occurring  in  Rhododendron  alburn^  Bl.,  and  in  some  cases  in 
K.  A  nikopogon^  Don,  by  Breitfeld  in  R.  caucasicum.  Pall.,  and  /?.  malayanum^ 
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Jack.  If  all  the  cells  of  the  shield,  both  those  of  the  central  area  and  those  of 
the  margin,  be  imagined  to  be  equally  strongly  elongated  in  the  direction  of  the 
stalk,  but  in  such  a  way  that  the  marginal  cells  still  appear  as  ray-cells  in  the 
surface-view  of  the  shield,  peltate  hairs  would  be  obtained,  such  as  are  mentioned 
by  Breitfeld  as  occurring  in  R,  Dalhousiae^  Hook.  f.  (Fig.  no,  O).  If  all  the 
cells  of  the  shield  were  elongated  still  more  in  the  direction  indicated,  and 
to  an  equal  extent,  bud-shaped  hairs  would  result,  which  would  differ 
considerably  from  the  peltate  form ;  such  are  described  by  Breitfeld  in  R. 
pendulum.  Hook.  f.  (Fig.  no,  P).  Finally,  if  the  cells  of  the  ray  alone  grow 
upwards  in  the  direction  of  the  stalk,  whilst  the  cells  of  the  central  area  are 
arrested  in  longitudinal  growth,  hoUow  cup-shaped  hairs  will  arise,  which 
approach  nearer  to  the  peltate  form,  and  in  which  the  cells  of  the  central  area 
form  the  bottom,  and  those  of  the  margin  form  the  wall  of  the  cup ;  to  this  type 
belong  some  of  the  peltate  hairs  of  R,  Anthopogofiy  Don  (Fig.  no,  Q).  Oihti 
peltate  hairs  of  Rhododendron  are  partly  glandular  in  function,  as  has  been 
stated  above.  According  to  De  Biary,  these  peltate  glandular  hairs  belong 
to  the  category  of  intramural  glands  (Fig.  no,  R),  Their  secretion  i> 
not  only  deposited  between  the  cuticle  and  the  underlying  walls  of  the  cells  of 
the  shield,  but  also  between  the  longitudinal  walls  of  these  cells ;  these  longi- 
tudinal walls  are  placed  perpendicularly  or  obliquely  to  the  surface  of  the  shield 
and  intercellular  spaces  are  formed  between  them  by  their  separation. 
R,  ferrugineum,  R,  hirsutum,  and  R,  caucasicum,  for  example,  have  glandular 
peltate  hairs  of  this  kind,  according  to  De  Bary.  The  almost  spherical  heads 
of  the  larger  glandular  hairs  of  Ledum  belong  to  the  same  category,  accordipg 
to  De  Bary  and  Vesque.  In  these  hairs  the  head  consists  (to  niake  use  ot 
De  Bary's  words)  of  9-10  cells,  diverging  radially  from  the  end  of  the  stalk. 
The  polygonal  outer  walls  of  these  cells  are  disposed  in  the  periphery  of  the 
sphere  and  remain  in  lateral  contact  with  one  another  without  any  intercellular 
spaces,  the  parts  of  the  cuticle  belonging  to  the  different  cells  being  firmly  fused 
together.  Towards  the  interior,  the  lateral  cellulose-walls  rapidly  narrow  down 
to  small  tubes,  which  meet  at  the  top  of  the  stalk  and  leave  a  wide  space,  com- 
pletely filled  with  resinous  secretion,  between  their  walls.  Finally,  the  peltate 
hairs  of  the  genera  Cassandra  and  Lyonia  remain  to  be  discussed.  They  are 
shortly  stalked  and  their  shield  exhibits  polygonal  cells  in  surface  view,  as  I 
have  observed  in  Cassandra  calyculala^  Don,  and  in  an  undetermined  species 
of  Lyonia ;  the  marginal  cells  of  the  shield  are  little  if  at  all  radiaUy  elon- 
gated. According  to  Niedenzu,  peltate  hairs  of  this  kind  occur*  in  two  species, 
which  were  formerly  included  in  Lyonia,  but  were  transferred  by  lum  to 
Cassandra,  probably  on  account  of  the  occurrence  of  peltate  hairs  (vii. 
C.  ferritginea  (Nutt.)  Niedenzu,  and  C.  jamaicensis  (Don)  Niedenzu). 

3.  Structure  of  the  Axis.  The  structure  of  the  axis  has  hitherto  only 
been  made  the  subject  of  investigation  to  a  small  extent.  With  r^ard  to  the 
structure  of  the  wood  the  following  facts  may  be  mentioned*.  The  vessels  ot 
the  wood  may  be  either  very  numerous,  as  in  Meisteria  or  GauUheria^  or  rcla- 


^  Vesque  considers  the  txichomes  recorded  by  him  (loc.  dt,  p.  330)  in  mk^dtdemdfW 
argtnteum^  but  not  clearly  shown  in  his  Fig.  14,  to  be  iiietamoq)hoted  peltate  hain;  acoordiiv  to 
my  own  investigation  of  dried  material  they  are  trichomes  of  apparently  glandnlar  faactioa,  wluck 
have  a  short  stalk,  consisting  of  a  few  rows  of  cells  and  surmonnted  by  a  larger  Booiber  of  tababr, 
thin -walled  cells,  Iving  in  one  plane. 

At  this  point  the  club-shaped  or  cylindrical  glondnlar  shaggy  hairs,  obterred  by  Haartfia  on  tke 
bud-scales  of  AzaUa  indicaj  may  be  mentioned.  Their  cells  are  arranged  in  tnunvcne  tien  aude 
up  of  a  few  cells  and  the  latter  again  in  radial  series,  whidi  meet  in  the  loogitBdiaal  axia  oC  the 
hair ;  the  secretion  is  produced  between  the  walls  of  the  individnal  celU. 

'*  The  following  species  have  been  investigated :  Arbutus  Andrackne,  L. ;  ArtUsMapthj^  w9m  mm, 
Spreng. ;  £rira  camea^  L. ;  Philipfia  oHetina^  Klotzich ;  GauUhtruL  ftrrmgmim,  Qi.  ct  ScU. ; 
Meisteria  cemua,  S.  et  Z. ;  Mtnziesta  ferrufifua,  Smith ;  I^kmhditubnm  kmmHsm,  L. 
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tively  few  in  number^as  in  Erica,  Theyare  scattered  and  do  not  have  large  lamina 
(maximum  diameter  — -024— -045  mm.).  Spiral  thickening  of  the  vessel-wall 
has  been  observed  in  Arbuius  Andrackne  zna  Ardostaphylos  uva  ursi  ;  in  Rhodo- 
dendron hirstdum  and  Menziesia  ferruginta  only  the  ends  of  the  vessels  are 
spirally  thickened.  The  bordered  pits  of  the  vessel-walls  are  usuaUy  smaU. 
They  are  also  to  be  fomid  on  those  portions  of  the  wall  which  are  in  con- 
tact with  parenchyma  of  the  medullary  rays.  The  mode  of  perforation  of 
the  vessels  varies,  but  all  species  investigated  exhibit  a  tendency  to  form 
scalarilorm  perforations.  In  CaUuna  vulgaris^  Salisb.  (according  to  Chalon) 
and  the  species  of  Erica  and  Philippia  mentioned  in  the  second  footnote 
on  p.  486,  as  well  as  in  those  of  Arbutus  and  Ardostaphylos,  the  perforations 
of  the  vessels  are.  as  a  rule,  simple,  being  circular  or  eUiptical ;  scalanform 
perforations  with  few  bars,  however,  occur  in  smaller  numbers.  In  the 
above-mentioned  species  of  Rhododendron^  Menziesia^  GauUheria,  and  Met- 
sUria,  the  perforations  arc  almost  solely  scalanform  and  never  simple;  in 
Meisteria  cernua  they  even  have  many  bars.  In  Menziesia  ferrueinta^  moreover, 
we  often  find  curioas  malformed  perforations,  viz. :  separate  smaU  round  holes  on 
the  same  dividing  wall  of  the  vessel  and  without  any  regular  arrangement,  or 
circular  holes  placed  in  a  ring,  or  circular  and  slit-shaped  holes,  combined  to  form 
one  ixTforation,  &c.  The  vessels  of  MeisUria  cernua  occasionally  exhibit 
dividing  walls  of  elongated  elhptical  form,  which  only  bear  scattered  groups  of 
small  pits  ;  it  has  not  been  determined  whether  these  pits  are  perforated. 
The  vessel^  with  transverse  walls  of  this  type  have  the  same  diameter  as  those 
having  scalariform  jx?rforations.  Scalariform  perforations  in  the  vessels  have 
also  In^n  (>b>erved  in  other  members  of  the  Order  by  various  authors,  viz.  in 
(  It'thra  l>y  Schacht,  and  in  sjxxies  of  Ledum,  Calluna,  and  Pyrola  by  Tangl.  The 
medullary  rays  of  the  wood  are  only  uniseriate  in  Rhododendron  and  Menziesia^ 
elM'where  they  may  he  as  much  as  four  cells  in  breadth.  The  wood- parenchyma 
i>  usually  only  develo|xxi  in  small  amount;  it  is  present  in  greater  quantity  in  the 
investigated  ^jKxies  of  Philippia  and  Meisteria.  With  regard  to  the  structure  of 
the  wood-prosenchxTna,  the  following  facts  may  be  mentioned.  The  investigated 
s|HTies  of  Ardostaphylos  and  Arbutus  have  wood-prosenchyma  with  simple  pits 
;u  romjxinymg  that  with  bordered  pits  and  spiral  thickening.  The  former  kind 
seems  to  Ik*  wanting  in  the  other  species,  or  at  any  rate  only  to  occur  sparsely. 

The  structure  of  the  cortex  has  been  still  less  investigated  than  the  structure 
of  the  wood.  Its  anatomy  is  known  in  detail  only  in  Erica  arborea^  L.,  Clethra 
iirborcj,  Alt,  and  Rhododendron  Nuttallii,  Booth,  which  Moller  has  examined. 
In  ci  considerable  number  of  species  periderm- formation  is  known  to  be 
intirnal.  the  cork  originating  immediately  to  the  interior  of  the  bundles  of 
primary  bast- fibres,  or  when  these  are  absent,  at  the  outer  limit  of  the  soft 
Inist.  Vesque  mentions  cork- format  ion  in  this  position  in  the  genera  Leucothoi^ 
KalmuK  CUihra,  Azalea,  Ledum,  Zenobia,  Macieania,  Lyonia^  PsamnUsia^ 
Arjt'stiiphylos,  Andromeda,  and  Rhododendron,  The  remaining  particulars 
rr^ardmg  the  structure  of  the  cortex  are  taken  from  MSUer's  statements. 
riu-  cork-cells  are  large  in  Rhododendron,  and  are  moderately  flattened  and  uni- 
lor  mly  thickened;  in  Ericasind  C/WAra  they  have  delicate  walls  or  are  sclerosed 
nil  ont  side  only.  The  primary  cortex  contains  no  collenchyma,  but  has 
luimerous  large  clustered  crystals.  Moller  met  with  primary  bast-fibres  in 
Rluhi'hitndron  only,  not  in  Clethra  or  Erica.  In  the  secondary  bast  of  Erica 
art  Hire  J  and  Rhododendron  Nuttaliii  bast-fibres  are  present,  and  are  arranged  in 
simple  tangential  rows  in  the  first-named  species.  The  secondary  bast  of 
Clethra  arfnyrea  only  contains  sclerenchymatous  rod-cells.  Moller  observed 
solitary  crystals  in  one  case  only,  viz.  in  the  bast  of  Clethra.  According 
to  Simon,  the  ba>t-fibres  in  this  Ordier  possess  bordered  pits;  Simon,  however, 
as  It  api>ears,  only  examined  the  hard  bast  in  the  veins  of  the  leaf. 
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The  structure  of  the  pith  has  been  examined  by  Gris  in  a  large  number  <A 
genera.  Quoting  from  the  results  of  this  investigation,  it  may  be  mentioiied 
that  the  majority  of  the  genera  (Arbutus^  ArdosiapkyloSf  AMoleOf  BefMwU, 
CaUuna^  Cladotkamnus^  Cassandra,  Erica,  GauUkma,  Kalmia,  Ledmm^  Leuh 
pkyllum,  Menziesia,  PhyUadoce,  and  Rhododendron)  have  a  homogeneous  pith, 
bc^des  the  active  cells,  others  containing  crystals  occasionally  take  part  in  the 
formation  of  this  tissue  in  a  varied  decree.  Thus  they  are  represented  in 
smaU  nmnbers  in  ArbtUus,  Azalea,  PhyUodou,  and  Khododeniron^  whilst 
in  Ledum  and  Cladothamnus  the  crystal-cells  which  have  wide  lomina  and 
thinner  walls  form  a  network  between  the  smaller  active  cdls ;  in  Callmma 
the  internal  portion  of  the  pith  consists  of  crystal-cells  of  similar  structure. 
Other  genera,  viz.  Cleihra,  tUiotia,  Leucothoi,  Lyonia,  Oxydendron^  PenMya^ 
and  Pieris,  are  distinguished  from  those  named  above  by  possessing  a  hetoo- 

feneous  pith,  which  again  shows  various  special  modes  of  differentiation.  In 
^emeUya,  the  ground-mass  of  the  pith  consists  of  active  cdls  with  smaD 
lumina  and  thick  walls,  among  which  are  scattered  groups  of  larger  cells  which 
have  thinner  walls  and  are  empty  or  contain  crystals ;  EUioUa^  Lyonim^  and 
Pieris  show  similar  characters.  In  Clethra  the  peripheral  portion  of  the  pith 
is  formed  by  active  cells  with  smaU  lumina  and  thick  walls,  the  oentnd 
portion  princi^lly  by  empty,  thin-walled  cells,  traversed  by  a  netwoiic  of  the 
active  cells.  The  same  division  of  the  pith  into  a  peripheral  portion,  composed 
of  active  cells  with  thick  walls  and  small  lumina,  and  a  central  part,  composed 
of  empty  cells  with  thinner  walls  and  larger  lumina,  is  also  shown  by  Zemobia 
floribunda,  Oxydendron  arboreum,  and  Leucoihoi  axillaris  ;  in  these  the  central 
part  contains  specially  large  cells  witli  clustered  crystals. 

In  connexion  with  the  discussion  of  the  axis  it  may  be  mentioned  that,  according 
to  Van  Tieghem,  the  roots  in  a  few  cases  have  ridge-like  thickenings  of  the  ceil-wau 
in  the  layers  situated  outside  the  endodermis ;  they  are  especially  wdl  seen  in 
CUthra  arhorea^  occurring  in  the  first  place  on  the  tangential  and  rsulial  wmDs  and 
extending  from  these  on  to  the  horizontal  walls,  on  wmch  they  meet  in  the  lonn 
of  a  star.  In  Arbutus  Andrachne  this  '  appareil  de  soutien '  is  developed  difierentlv ; 
here  the  whole  surface  of  the  radial  and  tangential  walls  is  thickened.  Finally  the 
presence  of  endotrophic  mycorrhiza  in  the  root-system  of  our  native  membm  of 
the  Order  (according  to  Frank)  may  be  referred  to. 
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Bot.  Zdt.  1868,  p(>.  739  et  Mq.  and  Tab.  ui.— Raoter,  Tricbombild.,  Denkichr.  ^ikna  Akad. 
187 1,  pp.  17,  18  and  Tab.  v. — Gris,  Moellc,  Noav.  Arcb.  Mnt.  d*biit.  nat,  t  ▼!,  1870,  pp.  343- 
50  and  pL  13. — Kadlkofer,  Monogr.  ▼.  SerjaniiL,  1875,  p.  104. — Vesqne,  Anat.  d.  T^,  Aim.  tc  oat., 
wkt,  6,  t.  ii,  1875.— Moller,  HoTzanat.,  Denkscbr.  Wiener  Akad.  1876,  pp.  64,  65  and  560^ — 
De  Bary,  VergL  Anat.,  1877.— Mori,  Stmtt  delle  foglie  delle  £.,  Noot.  Giom.  boC,  vol.  ix,  1877, 
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et  scq.^Breitfeld,  Anat.  Ban  d.  Rhododendroideae  etc,  Engler,  Bot  Jahrb.,  Bd.  ix,  18M, 
pp.  319-79  and  Tab.  v,  ri. — Van  Tieghem,  K^ieao  tons^endodermiqiie,  etc..  Boll.  Soc.  boC  deFnmoe 
1888,  p.  373  and  Ann.  sc  nat..  ser.  7,  t.  viii,  1888,  p.  336  et  leq. — Donliot,  in  Ann.  ic.  nat.,  wtx.  7, 
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Pharm.  1895,  pp.  331-6.}— Wittlin,  Kalkoxalattaich.,  Bot  Centralbl.  1896,  iii^TPoalaea,  m 
Vidensk.  Mcddelels.  fra  natnrh.  For.  i  Kjobenhavn  1897.— Holm.  I^^roia  apkyllm,  Bot  Gaactte 
1898,  p.  347  et  seq.— Rommel,  Anat.  Unteri.  aber  die  Gr.  d.  Piroleae  a.  Clcthraoeae,  Dim^,  Hcidcl- 
^>^  i^»  53  PP-  <u><^  >  1*<^-J 
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MONOTROPEAE. 

This  small  Order,  consisting  only  of  nine  genera  with  few  species,  is,  in  the 
first  place,  characterized  hy  the  absence  of  chlorophyll  Its  members,  as  far  as 
is  known,  are  all  saprophytes.  Chatin  described  parasitism  in  yoong  fdants 
of  Hypopitys  muUiflora  and  even  figured  haustoria  ;  but  in  spite  of  repeated 
attempts,  none  of  the  more  recent  observers  have  been  successful  in  connrming 
Chatin's  statement. 

In  correspondence  with  the  saprophytic  mode  of  life,  the  structure  of  axis 
and  leaf  is  very  simple.  The  axis  contains  a  ring  of  isolated  vascular  bundles, 
which  show  no  secondary  thickening.  The  leaves  have  a  homogeneous  meso- 
phyll,  composed  of  isodiametric  parenchymatous  cells.  Stomata  are  only  met 
with  exceptionally  (and  not  in  all  the  Monotropeae)  on  the  axis  or  on  the  lower 
side  of  the  leaf.  Oxalate  of  lime  is  absent.  The  hairy  covering  consists  of 
simple,  unicellular  trichomes  and  of  glandular  hairs,  which  vary  in  structure. 

The  anatomy  of  the  following  species  has  bieen  described  in  detail  by 
Chatin  :  PUrospora  andromedea^  y«utt.,  Monotrapa  uniflara^  L.,  Hypopitys 
lanuginosa^  Nutt.,  H.  mtdtifiora^  Scop.,  SckweinUzia  odorata^  £11.,  and  Sarcodes 
sanguined,  Torr.  We  owe  a  more  recent,  thorough  investigation  of  Mono- 
tropa  to  Drude  and  Kamieaski,  and  there  is  a  similar  work  on  Sarcodes  by 
Ohver. 

The  axis  in  all  cases  contains  a  ring  of  vascular  bundles  which  do  not  grow  in 
thickness.  In  a  certain  number  of  species  the  vascular  bundles  are  directly  em- 
bedded in  the  slightly  differentiated,  parenchymatous  ground-tissue  of  the  stem, 
as  m  Schwcinitzia  odoraia  and  Sarcodes  sanguitua.  In  other  species  (PUrospora 
andromedea,  Monotropa  unifiora^  Hypopitys  lanuginosa)  the  bundles  of  the  stem 
are  emlx^dded  in  a  rather  broad,  mechanical,  strengthening  ring,  which  separates 
the  pith  from  the  external  cortex.  The  cells  of  this  strengthening  ring  are 
lignitied,  shortly  prosenchymatous  or  parenchymatous,  and  frequently  exhibit 
slit-like  pits  on  their  walls.  The  structure  of  the  axis  of  Hypopitys  muUiflora 
resembles  that  of  the  species  last  mentioned,  but  here  the  strengthening-ring 
is  l(Kaliy  traversed  by  strips  of  ground-tissue,  resembUng  medullary  rays. 
According  to  Caspary  and  Kamienski,  the  tracheae  in  the  xylem  of  the  bimdles 
ol  Monotropa  are  only  cells  and  not  true  vessels.  The  tracheal  elements 
of  the  wood  in  the  other  genera  are  described  as  annular,  spiral,  and 
pitted  vessels  by  different  authors,  but  it  remains  to  be  determined 
whether  {Perforations  really  occur.  The  bast-groups  of  the  bundles  have 
only  been  closely  examined  in  Sarcodes  and  Monotropa ;  they  contain 
sieve-tubes  with  distinct  sieve-plates  in  the  first-mentioned  genus  only 
(Ohver,  Kamienski). 

In  the  leaf  the  epidermal  cells  have  straight  lateral  walls  in  all  cases, 
and  the  mesophyll  is  composed  of  nearly  isodiametric  cells.  Stomata 
have  been  met  with  in  snoaU  numbers,  and  only  on  the  lower  side 
<>i  the  leaf  in  Pterospora  andromedea^  Monotropa  uniflora^  and  Hypopitys 
lanuginosa  (on  the  other  hand,  they  have  not  been  found  in  the 
remaining  three  species,  enumerated  above) ;  in  Pterospora  they  also  occur 
<m  the  stem. 

There  are  no  statements  concerning  the  occurrence  of  oxalate  of  lime. 
(hi  the  other  hand,  special  tannin-containing  cells  with  rather  wide  lumina  have 
iKX'n  demonstrated  (Kamienski)  in  the  ground-tissue  and  vascular  system  of  the 
<tem  of  Monotropa. 

The  hairs  in  this  Order  do  not  belong  to  any  uniform  type.  In  Ptenh 
spora  andromedea  the  f (blowing  forms  have  been  observed:  simple, unicellular 
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hairs,  which  may  become  glandular  and  in  that  case  acquire  a  slight  knob-like 
swelling  of  their  tip  ;  glandular  shaggy  hairs  with  a  multiseriate  stalk  and  a 
head,  which  is  either  compc^d  of  polyhedral  cells  or  of  a  single  layer  of  cells, 
elongated  like  a  paHsade  in  the  direction  of  the  stalk ;  nnally,  glandular 
hairs  with  unicellidar  or  uniseriate  stalks  and  with  heads  having  the  same 
structure  as  in  the  glandular  shaggy  hairs.  Shaggy  hairs  of  varying  shape 
and  consisting  of  several  rows  of  cells,  in  which  it  is  usually  impossiUe  to 
recognize  a  sharp  distinction  between  head  and  stalk,  occur  in  Sarcodes ;  in 
Hypopitys  simple  unicellular  hairs  and  occasional  unicellular  bottle-shaped 
glandular  hairs  are  found. 

Note. — The  roots  of  Monotropa  and  Sarcodes  are  provided  with  an  ectotrophic 
mycorrhiza.  The  exogenous  origm  of  the  lateral  roots  in  Sarcodes  and  Ptsrospore 
(but  not  in  Monotropa),  according  to  Oliver,  is  an  abnormal  occurrence  and  therefore 
noteworthy. 

Literature :  Chatio,  Anat.  comp.,  PL  paraiit.,  Paris,  1856-65, pp.  244-96  and  pi.  xliz-lv. — Catparj, 
in  Monatsber.  Berliner  Akad.  1862,  p.  467. — Dmde,  Biol.  ▼.  Mnwiripa  Hyf^pitys^  GoCtiDS<en,  1S73. 
— Kamienski,  Org.  veg.  du  Monotropa  Hypopitys^  M^m.  Soc  nat  d.  sc.  nat  de  Cherboorg,  t  niv. 
1882,  pp.  5-40  and  pi.  i-iii  (here  also  the  older  literature). — ^Dmde,  in  NatiirL  Pflmmenlam.,  it.  Teil. 
Abt.  i,  1889,  pp.  4,  5. — Oliver,  Sarcodes^  Ann.  of  hot.,  voL  iv,  1S90,  pp.  303-96,  pL  xTii-zxL 

EPACRIDEAE. 

1.  Review  of  the  Anatomical  Features.  A  series  of  anatomical 
characters  which  are  common  to  the  members  of  this  Order  may  be  mentioned 
in  the  first  place.  The  hairy  covering  is  very  scanty,  and  only  consists  of 
simple  unicellular  hairs  or,  in  extremely  rare  cases,  of  uniseriate  hairs.  Glandular 
hairs  are  entirely  wanting,  and  so  are  special  internal  secretory  receptacles 
including  mucilaginous  epidermal  cells  in  the  leaf.  The  epidermal  ccUs  of  the 
leaf  are  in  nearly  all  cases  elongated  in  the  direction  of  its  long  axis  and  have 
undulated  lateral  walls.  The  stomata,  which  are  never  depressed  below  the 
surface,  lack  special  subsidiary  cells ;  their  pores  are  placed  parallel  to  one  another 
and  almost  always  lie  in  the  direction  of  the  midrib  of  the  leaf,  only  exceptionally 
{Lysinema)  transversely  to  it.  According  to  Simon,  the  sclerenchymatous  fibres 
which  accompany  the  vascular  systems  of  the  veins  are  characterized  in  aUtbe 
species  by  the  bordered  pitting  of  their  walls  (Fig.  in,  C).  In  the  structure  ot 
the  axis,  the  vessels,  which  have  small  lumina  and  perforations  exhibiting 
a  tendency  to  become  scalariform,  the  narrow  medullary  rays,  the  wood-prosen- 
chyma  with  bordered  pits,  and  perhaps  also  the  internal  formation  of  cork  af^xar 
to  be  of  importance  for  the  anatomical  diagnosis  of  the  Order.  The  following 
special  characters  in  the  leaf-structure  are  of  value  for  anatomical  diagnosis : 
the  thickness  of  the  cuticle ;  the  varied  structure  of  the  walls  of  the  epidermal 
cells,  e.g.  occurrence  of  thickening-ridges  on  the  outer  wall,  &c. ;  tl^  forma- 
tion of  papillae  on  the  epidermis  of  the  lower  side ;  the  distribution  oi 
the  stomata  on  both  sides  of  the  leaf,  or  their  restriction  to  the  upper  or 
lower  epidermis ;  special  arrangements  for  the  enclosure  of  the  stomata  (Fig. 
Ill,  A-B) ;  the  varied  construction  of  the  leaf  (mesophyll) ;  the  diverse  struc- 
ture of  the  veins,  viz.  embedded  veins  and  such  as  arc  vertically  transcurrent 
below  or  both  above  and  below. 

2.  Structure  of  the  Leaf.    There  is  a  comprehensive  work  by  Simon  ^ 


^  Simon  investigated  the  following  genera  :  (a)  in  the  tribe  Stjpkelieae :  SiypMem^  Cekmmthm^ 
Astroloma,  Conostephium^  AfeiichruSy  CyathodtSy  Peniackondra^  TToclUcarpa^  Bracmyiemm^  Atai- 
hamia^  I.issanthe^  Leucopogon^  Monotoca  and  Oligarrhena\  (^)  in  the  tnoe  Ep^cme:  £fmris^ 
Lysinema,  Archeria,  Pnonotis,  Lebetantkus^  Cosmelia^  Sprengilia  {Pomilftim)^  Amdnwrnim^  kukm^ 
Dracophyllum, 
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oil  the  leaf-structure  of  this  Order,  and  in  the  following  account  I  give  an 
abstract  of  his  observations. 

The  integumental  83r^tem  of  the  Epacrideae,  as  in  the  Ericaceae,  affords 
a  large  number  of  anatomical  characters,  some  of  which  are  of  value  even 
for  the  diagnosis  of  the  Order.  Most  imp(»tant  among  these  is  the  shape 
of  the  epidermal  cells.  They  are  rarely  flat  and  tabular,  but  usuaUy  show 
a  quadratic  shape  in  the  transverse  section  of  the  leaf,  or  their  height 
may  even  exceed  their  breadth.  In  surface  view  the  epidennal  cells,  especi^y 
those  of  the  upper  side,  are  usually  considerably  elongated  in  the  direction  of 
the  midrib  of  the  leaf,  in  correspondence  with  the  generally  eUiptical  shape  of 
the  latter  ;  occasionally  they  are  more  or  less  distinctly  arranged  in  longitudinal 
rows.  An  exception  is  afforded  by  the  isodiametric  epidermal  cells  of  Draco- 
phyllum  muscoides^  Hook,  fil.,  while  Cyathodes  acerosay  R.  Br.  and  ConosUphium 
pendulum,  Benth.  are  distinguished  by  specially  marked  elongation  of  these 
cells.  The  lateral  walls  of  the  epidermal  cells  are  undulated  in  nearly  all  cases, 
excepting  only  some  s|)ecies  of  CoUanihera,  Dracophyllum,  EpacriSy  Leucopogon^ 
and  Styphclia.  The  cuticle  is  strongly  developed  in  almost  all  the  species; 
only  ii  few  of  them  (e.g.  Epacris  paludosa^  K.  Br.,  Leucopogon  ausiralis^ 
K.  Br.,  and  Lysincma  lasianthunty  R.  Br.)  which  grow  in  damp  places  have  a 
weak  cuticle.  The  latter  is  especiallv  thick,  for  example,  in  Richea  scopariay 
Hook,  t.,  and  Cyathodes  parvifolia,  R.  far. ;  in  these  species  it  attains  a  thickness 
c)l  11-12  fi.  In  some  cases  the  function  of  the  cuticle  is  supplemented  by 
a  do})osit  of  wax.  The  walls  of  the  epidermal  cells  of  Pentachondra  pumila^ 
K.  Br.  and  of  those  of  the  lower  side  of  the  leaf  of  Styphelia  elegans^  Sond.  have 
a  jKH  uliar  structure.  Tlie  cells  show  swollen  thickenings  on  their  lateral  walls, 
projti  ting  conve.xly  into  the  interior  of  the  cells  in  such  a  way  that  they  appear 
likt'  >t()iR'-cells  in  a  superficial  section.  In  Styphelia  elegans  the  internal  walls 
ot  iIk  lower  epidermal  cells,  as  well  as  the  portioas  of  the  lateral  walls  abutting  on 
them,  an-  st)  strongly  thickened  that  the  lumen  of  the  epidermal  cell  Is  of  conical 
sha|K'  with  the  wider  o|)ening  towards  the  exterior.  In  a  few  cases  Ambronn 
nolK  (mI  a  further  structural  feature  in  the  wall  of  the  epidermal  cells,  viz.  the 
strengthening  of  the  outer  walls  by  meaas  of  thickening-ridges  on  their  internal 
surface.  Simon  found  this  character  in  Epacris  petraphila.  Hook.  fil.  and 
LcHcoptftiopi  australis,  R.  Br.  on  the  upper  side  of  the  leaf  alone,  in  Lysincma 
coH^picHum,  R.  Br.  only  on  the  lower  side,  in  Epacris  obtusifolia^  Sm.,  Lysincma 
lasianthunu  R.  Br.  and  Dracophyllum  rosmarinifoiium^  Forst.  on  both  sides. 
Papillose  differentiation  of  the  lower  epidermis  occurs  in  species  of  Leucopogon 
and  Styphelia,  if  I  understand  Simon  rightly.  The  latter  did  not  obser\'e  gelatini- 
Ziition  of  the  epidermal  cells  in  this  Order  ;  probably  there  can  be  no  question 
of  tliiN  feature  having  been  overlooked,  since  the  same  author  has  demonstrated 
it  in  a  number  of  Ericaceae.  On  the  whole,  it  appears  that  the  integumental 
tissue  in  the  Epacrideae  does  not  require  water-storage  to  such  an  extent  as  in 
many  Ericaceae.  A  typical  many-layered  epidermis  has  been  observed  in 
Drainphyllum  Traversii,  Hook,  f.,  by  Areschoug ;  Simon,  if  I  understand  him 
rightly.  (ieNcribes  an  epidermis,  consisting  locally  of  many  layers,  as  occurring 
in  (  vathodes  acerosa,  R.  Br.  and  Lissanihe  strigosa,  R.  Br. 

Ihe  small  stomata  are,  as  a  rule,  confined  to  the  lowerside  of  the  leaf.  In  the 
sjHH  it-N  with  grooved  leaves  they  occur  only  in  the  grooves ;  this  is  the  case  in 
Stnuntth<ra  ptnifolia,  R.  Br.,  Leucopogon  teiragonus,  Sond.,  and  others,  in  which 
only  two  gr(K)ves  are  present,  as  well  as  in  ConosUphium  pendulum^  Benth., 
Li\Siinthe  strigosa,  R.  Br.,  znd  Mdichrus  rostratus^  R.  Br.,  which  have  numerous 
groovt's.  The  stomata  occur  on  both  sides  of  the  leaf  in  Andersonia^  in  the 
majority  of  the  species  of  Dracophyllum  and  in  other  species  of  the  tribe 
Kpa«  iiat'.  I.e.  for  the  most  part  in  plants  with  leaves  which  are  closely  adpressed 
to  xhv  stem.     In  the  leaves  oi  Leucopogon  cucullatus^  R.  Br.,  L.  cymbtformis. 


493 


EPACRIDEAE 


A.  Cunn.y  &c.,  which  are  likewise  closely  adpressed  to  the  stem,  the  stomata 
however  occur  on  the  upper  side  of  the  leaf  alone.  It  may  be  noted  that 
the  pores  of  the  stomata  are  parallel  to  the  long  axis  of  the  leaves,  which 
are  generally  elongated  and  narrow.  The  species  of  tiie  genus  Lysinemm 
form  an  exception,  for  here  the  pores  are  placed  transversdy  to  the  lon^  axis. 
Special  subsidiary  cells  accompanying  the  stomata  are  not  present  m  the 
Epacrideae.  The  stomata  are  usually  situated  on  a  levd  with  the  epidermis; 
but  occasionally  they  are  elevated  above  its  surface,  as  in  Cyaikodes  empetn- 
folia^  Hook,  f .,  Melickrus  roUUus,  R.  Br.,  and  Lissanike  strigosa^  R.  Br.  Simon 
did  not  observe  depressed  stomata  in  any  member  of  the  Order.  In  a  number 
of  cases,  however,  he  observed  protective  structures  in  the  stomata  (Fig.  xxi, 
A-B)  situated  internal  to  the  pore,  and  interfering  with  the  interchange  with 
the  atmosphere.  Since  the  guard-cells  are  mostly  smaller  than  the  neighbour- 
ing epidermal  cells  and  are  situated  on  a  level  with  the  outemnost  part  of 
the  latter,  a  kind  of  shaft  is  found  above  the  actual  air-chamber ;  this  is 

bounded  by  the  lower  portions 
of  the  vertical  walls  which 
belong  to  the  cells  adjoining 
the  stomata,  and  are  in  contact 
vrith  the  pair  of  guard-cells ; 
hence  this  shaft  connects  the 
pore  with  the  air-chamber. 
The  exchange  of  gases  be- 
tween the  pore  and  the  air- 
chamber  is  impeded  in  some 
cases  by  the  outgrowth  of 
club-shaped  thickenings  from 
the  vertical  walls  which  limit 
the  shaft  (Fig.  iii,  B),  these 
thickenings  coming  to  be  in 
close  contact  vrith  one  another 
(species  of  A  ndcrsonia^  Lysine- 
ma^  Needhamia^  (Higoffhena^ 
Poncektia) ;  in  other  cases  the 
vertical  walls  bounding  the 
shaft  become  uniformly  and 
strongly  thickened  (Fig.iii,i4) 
in  such  a  way  that  the  passage 
from  the  air-chamber  to  the  guard-cells  can  only  be  recognized  as  a  fine 
slit,  the  direction  of  which  coincides  with  that  of  the  pore  between  theguard-celk 
(species  of  Epacris,  Archeriay  and  OUgarrhena).  Still  more  compUcated arrange- 
ments for  enclosing  the  stomata  are  shown  by  Dracophyllum  laiifolium^  Cunn., 
regarding  which  reference  must  be  made  to  Simon's  original  treatise. 

The  leaf-structure  is  bifacial  in  most  cases.  The  small  leaves  of  Lysinema 
and  Andersonia^  in  which  palisade- parenchyma  is  found  on  both  sid^  have 
centric  structure.  In  some  species  of  Dracophyllum  palisade-tissue  is  absent, 
the  assimilating  cells  being  of  isodiametric  shape.  In  many  species  those 
walls  of  the  cells  of  the  spongy  tissue  which  border  on  the  air-chambers  are 
considerably  thickened. 

According  to  Simon,  the  structure  of  the  thicker  veins  of  the  leaf  is  of  great 
systematic  value.  Three  cases  may  be  distinguished  :  (i)  embedded  veins  pro- 
vided with  a  sheath  of  sclerenchyma,  in  Epacris^  Lysinema^  Archeria^  PrumoHs. 
Lebctanthus^  Cosmelia^  Sprengdia  (together  with  Poncddia),  and  AndersonU  * 

*  In  ipedes  of  Amders^mm  and  P^ncUetia^  vdnt  which  are  yertically  tnuuconcnt  above  by  awi 
of  sclerenchyma  are  to  be  found  as  an  exceptional  case  in  the  iheathing  pottlon  of  tbe  Icat 


Fig.  III.  A,  B.  Sarface>view  of  a  stoma  of  A  rduria  tri^atrpm^ 
Hook.  fU.  {A)  and  PtnuaUtia  tfrtngtlioidtt.  R.  Br.  (B)  with  the 
accompanying  neighboaring  cells,  aarn  from  the  innde.  r.  Section 
of  a  vem  of  the  leaf  of  Rickw  dracophyUa,  R.  Br.— .\fter  Simoa. 
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(i.e.  in  most  Epacreae),  further,  amongst  the  Styphelieae,  in  Needkamia, 
Oligarrhena,  and  Trochacarpa^  and  finally,  as  an  exception  in  Dracopkyllum 
muscoides.  Hook,  f . ;  (2)  veins  which  are  vertically  transcurrent  below  by  means 
of  sclerenchyma,  in  nearly  all  St3rphelieae  and  in  Spkenoioma  pro  parte ;  (3) 
veias  which  are  vertically  transcurrent  above  and  below  by  means  of  scleren- 
chyma, forming  I-shaped  girders,  in  Richea  (vrith  Cystantke  and  PUUes)  and 
Dracophyllum  (with  Sphenotama  pro  parte),  and  also  in  the  thickest  veins  of 
species  of  Leucopogon, 

The  sclerenchymatous  fibres  which  form  the  mechanical  sheath  of  the 
vascular  bundles  ot  the  leaf,  have  narrow  lumina  and  thick  walls  of  exceedingly 
curious  structure,  since  they  are  covered  with  typical  bordered  pits  in 
all  the  members  of  the  Order  (see  Fig.  iii,  C).  Simon  also  demonstrated 
bordered  pitting  of  the  bast-fibres  in  the  branches  of  some  species.  The 
physiological  function  of  these  sclerenchymatous  fibres  vnth  bordered  pits  is 
however  not  the  transmission  of  water,  as  might  be  concluded  from  the  stnictiure 
of  their  walls.  They  are,  in  so  far  as  fresh  material  has  been  investigated, 
living  cells,  and  many  facts  point  to  their  taking  part  in  the 
conduction  of  plastic  substances. 

S[x?cial  secretory  receptacles  are  wanting  in  this  Order, 
just  as  in  the  Ericaceae  and  the  other  allied  Orders.  In 
Simon's  work  oxalate  of  lime  is  merely  stated  to  occur 
(Kcasionally  in  the  form  of  soUtary  crystals  accompanying 
the  sc  lerenchyma  of  the  veins.  I  have  also  met  with  it  in  this 
form  in  the  cortex  of  the  branches. 

The  hairy  covering  is  very  uniform,  and  thus  differs  from 
that  of  the  Ericaceae.  Glandular  hairs  are  entirely  absent. 
The  hairs  which  occur  are  mostly  simple  and  uniceUular,  having 
either  thick  walls  and  narrow  lumina  or  thin  walls  and  wide 
lumina.     Uniseriate  hairs  are  rare. 

3.  Structure  of  the  Axis.     The  structure  of  the  axis        p^^  ^^^  ^^ 
has    hitherto    been    httle    investi^ted.      I    have    examined    dUM  a^iaiiforB 
tho   wood  in  Styphdia  laeta,   R.  Br.,  Leucopogon  denudaius,    g2^i***Artr,i 
Sit'b.,  Andersonia  caerulea^  R.  Br.,  Epacris  micrt^kyllay  R.  Br.,    gSJ^,  *-***•""" 
and  /:.  heleronema,  Labill.,  and  mentioned  the  following  facts    ^* 
in  my  *  Holzstruktur.'    A  transverse  section  of  the  xylem-mass  shows  more  or 
less  numerous  scattered  vessels  with  a  small  lumen  (maximum  diameter  — -03 
mm.)  and  1-2-seriate  medullary  rays,  the  cells  of  which  are  elongated  in  the 
vertical  direction.    The  vessel-wall  has  bordered  pits  even  where  it  is  in  contact 
with  [)arenchyma  of  the  medullary  rays.    The  perforations  of  the  vessels  are, 
(or  the  most  part,  simple  in  Styphclta^  Leucopogon^  and  Andersonia ;  in  the 
other  cases  they  are  scalariform  with  few  or  many  bars.     In  both  species  of 
Epacris  the  ordinary  scalariform  perforations  {with  4-20  bars)  are  accom- 
panied by  others  of  peculiar  structure  (Fig.  112),  which  are  closely  related  to 
the  scalariform  type ;    the  species  in  question,  however,  have  no  simple  per- 
forations.    Spiral  thickening  is  found  at  the  ends  of  the  vessels  of  both  species 
ot  Epacris.    The  wood- parenchyma  is  Uttle  developed.    The  wood-prosenchyma 
probably  l)ears  bordered  pits  in  all  cases  (Simon) ;  in  Epacris  microphylla  it  is 
provided  with  spiral  bands  as  well. 

Regarding  the  structure  of  the  cortex,  scarcely  any  statements  are  to  be 
iound  in  the  literature.  A  casual  examination  of  Stypkdia  laeia  showed 
that  in  very  young  branches  an  almost  continuous  ring  of  bast-fibres  occurs 
in  the  (HTicycle,  and  that  formation  of  cork  commences  very  early  and 
immediately  internal  to  the  bast-fibres.  This  cork  is  extremely  peculiar 
and  may  l>e  recommended  for  developmental  investigation.  Its  cells  have 
no   distinct    radial  arrangement ;    a  mstinct  cork-cambium  is  not  jn^sent. 
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and  it  almost  appears  as  though  the  cells  of  the  cork  originated  from  the  outer 
cells  of  the  soft  bast.  The  secondary  bast  contains  groups  of  sderenchymatous 
fibres  in  the  older  portions  of  the  cortex  ;  these  fibres  differ  from  the  baust-fibres 
of  the  pericycle  in  the  appearance  of  their  transverse  section  and  in  the 
structure  of  their  wall ;    solitary  crystals  appear  in  their  neighbourhood. 

Literature :  Areschoug,  Bladets  anat,  Minneaskrift,  Loud,  1878. — ^Ambroon.  in  Pringiken 
Jahrb.,  Bd.  xiv,  1884,  p.  105  et  seq. — Vetque,  Gamop^ftales,  Ann.  sc.  nat.,  ser.  7,  t.  i«  18S5, 
p.  344. — Solereder,  Holzstr.,  1885,  p.  163. — Drude,  in  Natiirl.  Pflanrenfam.,  iT.  Teil,  AbC  i,  1889, 
p.  68.— Simon,  Vergl.  Anat.  d.  £.  etc.,  Engler,  Bot  Jahrb.,  Bd.  xiii,  pp.  15-46  and  Tatx  iL 

DIAPENSIACEAE. 

This  small  Order,  which  is  very  closely  related  to  the  Ericaceae,  has  been 
anatomically  investigated  chiefly  by  Grevel '.  It  should  be  specially  noticed 
that  the  glandular  hairs,  occurring  so  widely  in  the  Ericaceae,  are  at^nt,  and 
that  clothing  hairs  are  only  developed  in  Pyxidanthera  in  the  form  of  conical 
unicellular  trichomes  with  very  thick  walls. 

The  following  facts  may  be  pointed  out  regarding  the  structure  of  the  leaf. 
The  mesophyll  is  either  bifacial  or  (species  of  Skortia  and  Galax)  consists  of 
uniform  cells,  which  are  isodiametric  or  roughly  so.  The  epidermal  cells 
have  undulated  lateral  walls,  and,  especiaUy  on  the  upper  side,  a  stron^y 
thickened  outer  wall,  frequently  traversed  by  pits.  Shortia  UheUca^  Franch.  is 
characterized  by  papillose  differentiation  of  the  epidermal  cells  on  the  lower 
side  of  the  leaf,  while  Diapensia  lapponica^  L.  is  distinguished  by  the  presence 
of  a  considerable  swelling  of  the  thick  cuticle  over  the  middle  of  each  epndermaJ 
cell.  The  stomata  occur  on  both  sides  of  the  leaf  (Pyxidanthera^  Diapensia, 
ShortiUj  Schizocodon^  Galax)  or  on  the  lower  side  only  (Diapensia^  Skortia).  Tbcy 
are  not  surrounded  by  any  special  subsidiary  cells  (at  any  rate,  in  Diapensia 
lapponica,  L.,  and  Galax  aphylla^  L.,  according  to  my  own  investigation).  The 
vascular  system  of  the  petiole  shows  various  types  of  differentiation.  Oxalate 
of  hme  is  usually  excreted  in  the  form  of  clustered  crystals,  more  rarely  of  sotitary 
crystals  (Galax).  Chlorophyll  is  foimd  in  the  epidermis  of  the  leaf  in  spedes 
of  Diapensia  and  Galax,     Internal  glands  are  absent. 

In  the  structure  of  the  wood  it  is  important  that  primary  medullary  rays 
are  only  met  with  immediately  above  the  nodes  and  that  secondary  rays  are 
wanting.  The  vessels  have  smaU  lumina ;  in  Diapensia  lapponica  the  perfora- 
tions are  mostly  simple,  rarely  scalariform,  with  few  bars.  The  wood-prosen- 
chyma  either  has  bordered  pits  (Diapensia^  Pyxidanthera)^  or  in  part  simple 
pits  (Shortia,  Schizocodon^  Galax),  The  medullary  sheath  is  sclerenchymatoos, 
and  is,  for  the  most  part,  composed  of  parenchymatous  cells,  elongated  in  a 
vertical  direction.  The  pith  may  have  thick  or  delicate  walls.  The  phloem  has 
a  swollen  collenchymatous  appearance.  Superficial  development  of  cork  has 
been  shown  to  occur  in  Galax,  and  pericycHc  development  in  Diapensia  and 
Pyxidanthera  (cork-cells,  thickened  in  the  form  of  a  U  in  the  latter). 

LENNOACEAE. 

This  Order,  like  the  last,  is  a  smaU  one,  indigenous  to  South  Calif<niua  and 
Mexico.  It  only  consists  of  the  three  genera  Pholisma^  Ammobroma^  and 
Lcnnoa,  which  are  root-parasites,  devoid  of  chlorophyll.    They  are  parasitic  00 

*  Anat.  Untersnch.  iiber  d.  Familie  d.  Diapensiaceae,  Bot.  Centralbl.  i8o7,  i,  n.  9-1^  n.  m  ei 
seq.  and  Taf.  ii ;  this  investigation  comprises  the  strnctnre  of  the  axis  and  lau  m  the  miem  .^utmLv- 
/A€ra^  Diapensia,  Skortia,  Scki%0<odcn,  Galax, — See  also  Vesqne,  Ann.  fc.  nnt,  ler.  7,  t.  I»  ii9$, 

p.  «45- 
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roots  of  Eriodiciyon,  Clematis^  and  unidentified  species  of  the  genus  Prosopis^  and 
they  develop  a  shoot  from  a  few  inches  to  a  metre  in  height ;  this  often  Ues 
buried  up  to  the  floral  region  in  the  sand  of  the  desert.  The  Uttle  we  know 
concerning  the  anatomy  of  these  forms,  and  especially  of  the  genera  i4ifimo6rama 
and  Lennoa^  is  due  to  the  work  of  Solms-Laubach  \  on  whose  statements 
our  entire  knowledge  of  this  interesting  Order  practically  de];)ends. 

A  transverse  section  of  the  stem  of  Lennoa  or  of  Ammobrama  shows  a  ring 
of  large  isolated  vascular  bundles  accompanied  by  smaller  cortical  bundles. 
The  pith  (situated  intemaUy  to  the  ring  of  vascular  bundles)  and  the  primary 
cortex  are  of  identical  structxure ;  they  consist  of  rounded-polygonal  cells  and 
contain  numerous  starch-grains.  In  Ammohroma  the  xylem  of  the  bundles  of 
the  ring  is  (except  for  the  spiral  and  annular  vessels,  present  at  the  margin  of 
the  pith)  exclusively  composed  of  pitted  and  reticulate  vesseb  with  rather  wide, 
almost  circular  lumina  ;  the  division-walb  in  these  vessels  have  simple,  round 
perforations ;  in  Lennoa  isolated  elongated  and  rather  thin-walled  cells  occiu* 
between  the  vessels  of  the  xylem.  The  phloem  contains  sieve-tubes.  The  epi- 
dermis of  the  stem,  which  possesses  stomata,  bears  glandular  hairs,  in  which  the 
stalk  is  unicellular  or  uniseriate,  whilst  the  head  is  represented  by  an  enlarged 
terminal  cell,  rich  in  protoplasm,  and  shaped  hke  a  knob  or  bladder.  Glandular 
hairs  of  the  same  type,  it  may  be  added,  are  also  found  on  the  leaves  of  Lennoa 
and  on  the  tij>s  of  the  calyx-lobes  of  Ammobfoma ;  on  these  latter,  the  uniseriate 
stalk  occasionally  forks  into  two  arms,  which  are  directed  upwards  or  placed 
horizontally,  each  of  them  bearing  a  glandular  head. 

Regarding  the  structure  of  the  scale-leaves  covering  the  stem,  it  is  sufficient 
to  mention  that  they  jx)ssess  stomata  on  both  sides  or  only  on  the  lower  side 
(Lennoa  sp.,  Schaffner  n.  452),  and  that  the  stomata  (in  Lennoa^  sp.)  are  sur- 
roiindtHl  by  st»veral  ordinary  epidermal  cells. 

In  the  uppier  jx>rtion  of  the  stem  of  Ammobroma^  where  it  enlarges  to  form 
the  tloral  rt^reptacle,  there  are  essential  deviations  from  the  structure  de- 
siTilKti  alx)ve.  There  is  no  differentiation  into  pith  and  cortex.  A 
transverse  section  shows  innumerable  and  irregularly  scattered  vascular  bundles. 
The  }\irerichymatous  ground-tissue  is  formed  by  polygonal  cells,  which  are 
considerably  thickened  at  the  comers  after  the  manner  of  coUenchymatous 
cells,  but  exhibit  a  small  intercellular  space  in  the  middle  of  each  of  these 
thickenings. 

Ni>  details  concerning  the  internal  or  external  connexion  of  the  parasites 
in  question  with  their  host-plants  are  known.  The  few  facts  that  have  come 
to  light  are  contained  in  Solms-Laubach's  treatise,  which  is  dted  in  the  footnote, 
hut  they  must  be  passed  over  here. 

PLUMBAGINEAE. 

This  Order  with  its  eight  genera  has  been  well  investigated  anatomicaUy. 
All  the  sjx^ries  (x>ssess  one  anatomical  character  in  common,  namely,  epidermal 
glan<is  (Fig.  113)  exhibiting  the  same  structural  plan.  The  essential  and 
secreting  (x)rtion  of  these  glands,  whether  they  appear  as  a  component  part  of 
the  epidermis  or  actually  project  as  hairs,  whether  they  consist  of  many  or  few 
(ells,  and  whether  they  excrete  carbonate  of  hme  or  mucilage,  in  aU  cases  consists 
of  I  ells  elongated  like  a  palisade  and  placed  ];)erpendiailarly  to  the  organ 
<»n  which  the  glands  occur.  In  addition  to  these  highly  characteristic  glands, 
which  will  l>e  described  in  detail  below,  we  also  find  long-stalked  glandular 
shaggy  hairs,  in  which   the  structure  of  the  head  approaches  that  of  the 


'  SolnM-UDlMich,  Abh.  dcr  nfttvrf.  Gctdbch.  n  Halle,  1869,  pp.  1 19  to  178,  uid  3  Plates.— Sec 
alfto  Dnidc,  in  Naturl.  Fflanirnfam.,  W.  Tcil,  AbL  1,  1889,  p.  la. 
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epidermal  glands  just  referred  to ;  simple  unicellular  hairs  also  occur. 
The  typQ  of  stoma  varies.  The  wood  contains  vessels  with  simple  perforatioiis ; 
the  wood-prosench5ana,  when  present,  has  simple  pits.  In  the  structure  of  the 
cortex  the  superficial  origin  of  the  cork  and  the  occurrence  of  a  ring  or  isolated 
groups  of  sclerenchymatous  fibres  in  the  pericycle  may  be  mentioned.  Oxalate 
of  lime  is  not  common,  but  has  been  observed  in  the  form  of  clustered 
and  soUtary  crystals.  In  many  species  cells,  filled  with  plumbagin,  occur  in 
the  stem  and  root,  and  are  sometimes  distinctly  differentiated  like  secretory 
cells.  The  following  special  anatomical  characters  appear  in  certain  cases: 
medullary  and  cortical  vascular  bimdles  in  the  stem,  me  former  in  species  of 
Statice  (concentric  with  central  phloem)  and  Acaniholimon  (collateral  and  in- 
versely orientated),  the  latter  in  species  of  AegialUis^Armeria^  Limoniasirum  and 
Statice;  the  occurrence  of  anomalous  structure  in  the  stem  (groups  of  soft  bast 
in  the  wood)  in  Acantholimon  and  Aegialitis ;  groups  of  sclerenchymatous  fibres 
in  the  pith  and  in  the  primary  cortex  in  species  of  StaHce  ;  inequalities  of  the 
surface  of  the  stem,  caused  by  cellular  prominences  of  the  primary  cortical  tissue, 
which  enclose  sclerenchymatous  cells,  in  species  of  Ceratostigma  and  Vogelia ; 
spicular  cells  in  the  mesophyll  of  species  of  Statice^  AegialUis  and  Limoniasirum. 

After  this  general  review  I  will  next  proceed  to  a  detailed  account  of  the 
glands.  These  may  be  divided  into  two  t3^pes,  according  to  their  structure. 
The  first  type  is  formed  by  those  glands  which  are  usually  described  in  the 
Uterature  as  chalk-dands  or  as  Mettenius-  or  Licopoli-glands,  after  the  names  of 
the  botanists  who  first  observed  them.  They  are  to  be  found  on  the  lamina  of 
the  leaf  or  on  the  branch  in  aU  members  of  the  Order  (including  AegialUis. 
contrary  to  Wilson's  statement).  These  structures  are  not  of  the  nature  of 
hairs  ;  they  only  consist  of  small  groups  of  a  few  epidermal  cells,  and  in  most 
cases  excrete  carbonate  of  hme  on  their  external  surface.  The  second  type 
may  be  termed  mucilage-glands  S  this  being  the  name  given  to  them  by  Wilson, 
who  observed  them  in  all  the  eight  genera,  but  not  in  all  the  species,  emjdoyed  in 
his  investigation  ;  they  are  confined  to  the  upper  surface  of  the  leaf-sheaths. 
The  mucilage-glands  consist  of  a  larger  nimiber  of  cells  than  the  chalk-glands 
and  excrete  a  mucilaginous  substance  ;  in  rare  cases  they  are  only  composed 
of  groups  of  epidermal  cells  shaped  like  a  palisade,  thus  resembling  the  chalk- 
glands  ;  in  most  cases  they  are  true  trichomes. 

The  chalk-glands  (Fig.  113,  A-C)  consist  essentially  of  almost  hemispherical 
groups  of  eight  cells  shaped  Uke  a  palisade  (not  four,  as  was  incorrectly  stated 
by  Mettenius  and  recently  repeated  by  Maury) ;  according  to  De  Bary,  these 
eight  cells  originate  from  an  epidermal  cell  which  is  rounded-quadrate  in  surface 
view.  This  cell  becomes  divided  into  four  by  two  walls  at  right  angles  to  one 
another  and  perpendicular  to  the  surface  ;  each  of  the  cells  thus  formed  is  then 
divided  once  more  by  a  vertical  wall  into  two  cells,  one  of  which  is  very  narrow 
and  forms  the  inner  comer  while  the  other  is  peripheral.  The  walls  of  these 
glandular  cells  are  extremely  thin,  with  the  exception  of  those  which  separate 
the  internal  surface  of  the  gland  from  the  neighbouring  tissue  ;  these  latter  are 
suberized.  The  contents  of  the  glandular  cells  consist  of  dense,  finely  granular 
protoplasm.  In  those  cases  in  which  the  structure  has  been  thoroughly  investiga- 
ted, the  eight-celled  group  of  glandular  cells  is  cut  off  from  the  mternal  tissue 
by  a  double  cap,  each  layer  of  which  is  composed  of  four  *  subsidiary  *  cells* 
so  arranged  that  they  appear  as  semilunar  appendages  of  the  glandular  ceDs 
when  examined  in  surface-view  and  at  a  sufficiently  low  focus.  The  celb 
of  the  upper  cap  (which  directly  encloses  the  group  of  glandular  cells)  have 

'  In  the  following  description  the  glands  of  the  Plumbagineae  are  definitdy  described  as 
or  mucilage-glands,  although  it  has  been  proTcd  that  the  cxcretioQ  of  thete 

not  constant  in  all  cases. 
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suberized  walls  and  occasionaUy  (Fig.  113,  A-B)  reach  to  the  level  of  the 
glandular  cells,  so  that  they  appear  in  a  surface-view  of  the  gland  as 
a  four-celled  ring,  surrounding  the  circular  group  of  glandular  cells ;  neither 
of  these  two  characters  appUes  to  the  *  subsidiary '  cells  of  the  second  cap. 
The  function  of  the  chalk-glands  is  the  excretion  of  water.  The  water  is  not 
conducted  to  the  gland  by  means  of  tracheides,  but  by  the  ordinary  cells  of 
the  tissue  l>'ing  nearest  to  it ;  consequently  these  cells  are  sometimes  grouped 


Kir.  115.  A -c.  ScnKtw  of  the  ordinary  fUuxk  of  tbe  PkHDbftfiocAe: 
AtjctAJtft*  ««r«M/a/s.  R.  Br.  A,  TrftosverK  wctioo  ;  ■,  S«rfac«-vie«  froa 
U «••'-);  laml  on  tKe  leaf-ihmh  ci  AtgisHtU  mmmmlmtm^  R.  Br.    D,  Tr 
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radially  alK)ut  the  gland.  The  emission  of  superfluous  salts  of  lime  is  generally  * 
combined  with  the  excretion  of  water  by  the  glands.  The  extrusion  of  these 
substances  in  the  secreted  water  probably  takes  place  in  the  form  of  bicarbonate 
of  linu\  which  then  becomes  deposited  over  the  gland  as  the  neutral  carbonate, 
owin^  to  the  action  of  atmospheric  agencies.  Deposits  of  lime,  which  are 
visible  to  the  naked  eye  as  small  Knobs  or  scales,  originate  in  this  way ;  occasion- 


'  s<  >mct  imf  s  mudUce  is  eicretcd,  at  m  mndUc^-gUods,  c.  g.  00  foong  leaves  of  SiaiUtfrutuoHs^ 
Webb    Wilton  . 
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aDy  as  a  secondary  phenomenon  they  may  cover  the  entire  surface  of  an  organ 
(e.  g.  a  leaf)  owing  to  the  action  of  rain-water.  The  anaoant  of  fime  esccreted 
is  natnraUy  related  to  the  natm^  of  the  soil  of  the  habitat,  and  oooseqnently 
varies  considerably  in  some  species,  whilst  in  others  a  certain  degree  of  constancy 
in  this  respect  has  been  demonstrated. 

According  to  Volkens,  the  lime  forms  a  uniform  covering  on  the  leaves  of 
certain  species  of  Acaniholimon,  Gonioiimon,  Limoniasirmm  and  SiaHcs ;  it  only 
forms  scattered  calcareous  scales  on  the  leaves  of  certain  speciet  of  C^rm' 


Plumbago^  Statice  and  Vogeiia  ;  while  a  few  species  of  PiumUmgo^  the  majority  <n  the 
species  of  Statiu^  and  almost  all  species  of  Armeria  are  quite  devoid  oi  calcareovB 
excretions. 

The  physiological  significance  of  these  chalky  excretions  consists  in  a 
protection  against  excessive  transpiration  and  hence  in  a  regulation  and 
diminution  of  the  loss  of  water  through  the  activity  of  the  glands.  As  a  pre- 
vention against  too  great  activity  of  the  latter,  additional  arrangements  are, 
according  to  Volkens,  found  in  those  species  which  grow  in  very  dry  localities. 
Thus,  as  a  first  example,  the  chalk-glands  in  nearly  all  species  of  AcamikoUmiom^ 
in  Limoniastrum  and  in  a  few  species  of  Statice,  e.  g.  5.  speciosa^  L.,  are  depressed 
below  the  level  of  the  epidermal  surface  after  the  manner  of  deiiressed  stomata. 
The  same  result  is  attained  when  the  epidermal  cells  which  adjoin  the 
gland  become  more  or  less  elevated  above  the  surface  of  the  organ,  thus 
giving  rise  to  the  structures  known  to  S3rstematists  as  tubercles ;  the  i^and  lies 
in  a  depression  at  the  tip  of  these  tubercles.  Such  tubercles  occur  m  SUiiu 
spathulala,  Desf .,  S.  scabra,  Thunb.,  &c.  The  elevation  of  the  adjacent  ceUs  and 
the  depression  of  the  gland  have  an  additional  object ;  they  facflitate  the  reten- 
tion of  the  excreted  mass  of  lime.  The  protrusion  of  the  eindermal  ceUs  ad* 
joining  the  glands,  in  the  form  of  simple  hairs,  seen  in  Staiiu  elata^  5.  UMfoUs^ 
Sm.,  and  5.  Sarepiana,  Beck.,  acts  in  the  same  way.  A  similar  result  is  attained 
by  the  peculiar  shape  of  the  small  pits,  situated  above  the  glands  in  Limamastmm 
monopetalum,  Boiss. ;  these  pits  resemble  a  four-pronged  anchor,  a  shape 
which  is  naturally  shared  by  the  chalk-masses  which  occupy  them. 

The  glands  of  the  second  form  found  in  the  Order,  tne  mucilan-glands, 
have  already  been  shortly  described  above,  where  they  were  divided  into  two 
series,  viz.  those  which  are  developed  as  hairs,  and  those  which  are  not  so.  The 
mucilage-glands  of  the  latter  type  are  onJy  found  in  AegialUis ;  in  their 
structure  they  approach  nearest  to  the  chalk-glands.  Each  mucilage-gland 
consists :  (i)  of  a  group  of  thin- walled  epidermal  cells,  elongated  like  a  palycaiU, 
their  lower  portions  ];)enetrating  deeply  into  the  tissue  of  the  leaf-sheath ; 
and  (2)  of  a  double  layer  of  subsidiary  cells,  of  which  those  adjacent  to  the 
palisade-cells  have  suberized  cell-walls.  Seen  from  the  surface,  the  gland 
has  a  circular  outhne ;  for  further  details  see  Fig.  113,  D-F,  In  the  re- 
maining seven  genera  the  mucilage-dands  are  hair-Uke  structures.  In  this 
case  the  gland  generally  appears  as  a  low  prominence,  which  is  flattened  above 
and  has  a  circular  outline.  Its  upper  portion  consists  of  a  rather  large  number 
of  p)alisade-likc  cells,  which  have  thin  walls  and  are  occasionally  divided  more 
or  less  regularly  by  transverse  walls ;  its  lower  portion,  often  marked  ofi 
as  a  very  short  stalk,  is  composed  of  a  layer  of  low  ceUs ',  which  are  polygonal 
in  surf  ace- view  and  are  suberized.  These  glands  are  really  simply  mucilage- 
glands  of  the  AegialUis'iyYiQ  raised  above  the  level  of  the  epidermis,  and  as 
an  exception  they  may  occur  on  conical  emergences  (Statice  Sareptana^  Beck. 
and  5.  caspia,  Willd.,  according  to  Wilson).  The  mucilaginous  secretion  of 
these  glands  varies  greatly  in  amount ;    thus  in  Statice  rosea,  Sm.,  and  S. 

'  Wilson's  Fi^.  ai  on  PI.  xi,  loc  cit.  U  not  correct ;  the  cell- layer  ficwed  above  the  pdinde4ajcr 
it  not  prtient. 
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fruticans,  Webb.,  it  is  considerable,  while  in  Acaniholimon  mucilage  is  most 
commonly  not  excreted  at  all. 

In  the  long-stalked  glandular  shaggy  hairs,  which  are  present  in  the  floral 
region  ( e.  g.  on  the  calyx  of  Plumbago  capensis),  the  structure  of  the  terminal 
portion  (head)  approaches  that  of  the  chalk-  and  mucilage-glands  very  closely. 
Thus  the  innermost  portion  of  the  head  consists  of  a  parenchymatous  mass 
of  tissue  surrounded  by  a  layer  of  suberized  cells,  having  polygonal  outlines 
in  surface- view,  while  externally  there  is  a  layer  of  paUsade-like  epidermal  cells. 
The  stalk  of  the  glandular  shaggy  hairs  is  multisehate  and  contains  a  fibro- 
vascular  strand.  In  addition  to  the  glandular  shaggy  hairs,  simple  unicellular 
hairs  are  rather  common  in  the  Order. 

With  regard  to  the  structure  of  the  leaf,  the  following  facts  may  be  men- 
tioned. The  epidermal  cells,  as  a  rule,  have  wide  ]umina,and  usually  a  thick 
cuticle,  which  is  occasionally  striated.  Their  lateral  walls  may  be  straight  or 
undulated.  The  stomata  occur  on  both  sides  of  the  leaf,  and  usually  in  equal 
abundance.  They  are,  for  the  most  part,  irregularly  orientated,  but  in  the  species 
of  Sidtice  and  Acantholimon  with  narrow  leaves  they  he  with  their  pores  parallel 
to  the  longitudinal  axis  of  the  latter.  They  are  either  on  a  level  with  the  epi- 
dermis or  are  depressed.  Some  species  (Armtria  planiagituaajid  Acaniholimon 
ventistum,  primarily  those  species  of  both  genera  which  have  grass-Uke  leaves) 
have  stomata  with  subsidiary  cells,  which  are  placed  parallel  to  the  pore  ;  other 
sjH'cies  (Staiice  speciosa)  have  stomata  with  three  subsidiary  cells;  in  others  again 
{St.  imbricaia)  the  stomata  are  surrounded  by  ordinary  epidermal  cells  which 
are  irregularly  arranged.  Development  of  the  stomata  according  to  the 
Cruciferous  tyjx?,  therefore,  certainly  does  not  take  place  in  aU  cases,  although 
Strasburger  descrilxvs  it  as  being  quite  general  in  the  Order.  The  mesophyll 
jx)ssesses  varied  structure,  as  one  is  led  to  exj^ect  from  the  nature  of  the  leaves, 
which  are  in  some  cases  flat,  acicular  in  others.  In  Plumbago  europaea^  for 
example,  the  mesophyll  is  a  homogeneous  tissue,  composed  of  rounded  cells ;  in 
P.  LarpcnUc  and  btatice  data  it  is  bifacial ;  in  the  flat  leaves  of  Limoniasirum 
monoptialum  and  the  acicular  leaves  of  L.  Guyonianum^  Dur.  it  has  centric 
structure.  The  vascular  S5rstem  of  the  veins  is  sometimes  accompanied  by 
>clerench>'ma,  e.  g.  in  Staiice  elaia  or  Aegialiiis  annulaia^  R.  Br.,  in  which  the 
smaller  veins  are  vertically  transcurrent  on  both  sides  by  means  of  a  layer  of 
very  sliglitly  sclerosed  palisadc-cclls  with  sUt-Uke  pits ;  in  other  cases  there  is 
no  sclerenchyma,  as  in  Plumbago  Larpeniae.  Sderenchymatous  cells  occur  in 
the  mesophyll  of  Staiice  cylindri folia  in  the  form  of  fibrous  elements,  which  are 
Mtuated  in  the  {xilisade-t issue  ;  they  appear  in  the  form  of  branched  spicular 
( (*Us  (internal  hairs)  in  Aegialitis  annulaia  and  Limoniasirum  Guyonianum^  Dur. 
(hut  ni)t  in  L.  articulatum^  Mch.,  contrary  to  the  statements  of  De  Bary 
an«i  Woronin). 

rtie  .structure  of  the  petiole,  and  especially  the  number  of  vascular  bundles 
traverMiig  it,  varies  greatly  (for  details,  see  Maury). 

With  regard  to  the  structure  of  the  axis,  it  may  first  be  specially  men- 
tioiird  that  the  vessels  have  simple  perforations.  Where  wood-prosenchyma 
<K  (  HI V,  It  has  simple  pits.  The  structure  of  the  wood  in  the  herbaceous  species 
>h<)w>  considtTable  diversity,  the  chief  part  of  it  being  either  composed  of 
iinlitimtied  tissue  or  of  wood-fibres,  while  the  xylem-portions  of  the  vascular 
biiiKllr's  are  either  separated  from  one  another  by  rather  broad  medullary  rays, 
or  tlu'  rays  are  al>sent,  and  so  on  (for  details,  sec  Maury).  The  following 
ir.itun^  in  the  structure  of  the  cortex  arc  especially  noteworthy:  the 
Mibepiilrrinal  cU'velopment  of  the  cork  (Aegialiiis  annulaia^  Limoniasirum 
m^tuf^t'tiilufft)  and  the  presence  of  a  ring  or  groups  of  sclerenchymatous 
tibirs  111  the  i)encycle.  According  to  Maury,  the  groups  of  sclerenchymatous 
tihiis  in  the  pith  and  primary  cortex,  which  were  mentioned  above,  are 
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present  in  all  the  species  of  Statice  *  examined  by  him ;  according  to  the 
same  authority  celliilar  prominences  of  the  cortical  parenchyma,  enclosing 
sclerenchyma,  are  to  be  found  in  Ceratostigma  ahyssinicum^  Vogdia  africana 
and  V.  indica ;  cortical  vascular  bundles '  occur  in  AegialUis  annulaia  and 
Limoniastfum  monopetalum  according  to  Maury,  in  Armeria  sflendens  accord- 
ing to  J.  £.  Weiss,  in  Armeria  planiaginea  and  Statice  latifolia  according  to 
Schwendener;  the  medullary  bundles",  which  mostly  have  concentric  structure 
with  central  soft  bast,  occur  according  to  Maury  in  Statice  Limanium  (con- 
centric), according  to  Russow  in  S.  Sareptatui,  Beck,  and  Goniolmon  eximium, 
Boiss.,  according  to  Mobius  in  Statice  caspia^  Willd.  and  S.  serotina^  Reichenb. 
( =5.  Limonium),  according  to  Scott  and  Brebner  in  Acaniholimon  glumaceum. 
Scop.,  and  according  to  my  own  observation  in  Statice  latifolia^  Sm.  (simply 
collateral  and  inversely  orientated) '. 

Typical  anomalous  structural  features  of  the  axis  are  found  in  the  genera 
Acantholimon  and  Aegialitis.  In  Acaniholimon  the  appearance  of  successive 
rings  of  growth  is  combined  with  the  occurrence  of  the  medullary  vascular 
bundles  previously  mentioned.  It  has  not  yet  been  determined  whether  the 
first  secondary  ring  of  bundles  arises  in  the  pericycle  or  in  the  bast-portion  of 
the  original  vascular  ring.  Kriiger  first  demonstrated  the  occurrence  of  this 
anomaly  in  an  undetermined  species  of  AcafUholitnon ;  then  it  was  investigated 
by  me  in  a  species  identical  with  or  very  closely  related  to  A.  libanaHcum^  Boiss^ 
and  finally  by  Scott  and  Brebner  in  A.  gluntaceum^  Boiss.  The  anomaly  which 
I  have  recently  met  with  in  the  genus  Aegialitis  and  especially  in  A,  annulata, 
R.  Br.,  is  similar  to  that  of  Acantholimon  as  far  as  its  appearance  in  transverse 
section  is  concerned,  but  it  has  quite  a  different  course  of  development  as  far  as 
could  be  determined  from  an  examination  of  herbarium-material.  In  transverse 
section,  young  branches  of  the  plant  show  a  normal  ring  of  vascular  bundles, 
the  bast-groups  of  which  are  separated  from  the  primary  cortex  by  bands  of 
sclerenchymatous  cells.  The  layer  of  cells  situated  inunediately  on  the  outside 
of  the  sclerench3miatous  bands  subsequently  becomes  a  meristem,  producing 
a  xylem-ring  internally,  in  which  lamellae,  composed  of  soft  bast,  are  enclc^ed, 
while  no  phloem  is  formed  externally.  The  original  ring  of  vascular  bundles 
is  thus  closely  surrounded  by  the  secondary  xylem-ring,  so  that  both  together 
form  a  single  mass  of  wood,  in  which  the  original  soft  bast  and  the  interxylary 
groups  of  soft  bast  belonging  to  the  anomalous  increment  of  wood  appear 
to  be  embedded  as  cell-groups  of  similar  structure.  It  could  not  be  determii^ 
with  certainty  in  what  way  the  groups  of  soft  bast  of  the  secondary  anomalous 
xylem-ring  are  formed,  i.  e.  whether  they  are  produced  on  the  outer  or  inner 
side  of  the  meristem  ;  probably,  however,  the  latter  is  the  case.  The  anomaly 
just  described  in  Aegialitis  approaches  most  closely  to  that  of  Sfylidium  adnaium 
(see  Stylidiaceae),  among  known  anomalies. 

Note. — For  the  root-structure  see  Maury.  Here  mention  need  only  be  made 
of  the  fact  that  the  fibres  in  the  wood  of  the  root  in  Statice  Kaufmanniana^  similar  to 
the  tracheids  of  Juniper  us,  are  characterized  by  peg-like  or  b^im-like  pcojectioi& 
which  arise  from  the  thick  wall  and  project  into  the  cavity  of  the  fibre  or  stretch 
transversely  across  it. 

Literature  :  Mettenius,  Filices  Hort  bot.  Lips.,  1856,  p.  la — Oliver,  Stmct  of  the  ttem  of  PI.&c. 
Transact.  Linn.  See.  vol.  xxii,  part  4,  1859,  pp.  a8^  to  294  and  tah.  50,  ^i. — LioopoU,  in  Abb.  dcil* 
Accad.  degli  asp.  natoralisti  di  Napoli,  i8<£5.— ^trasbuiger,  in  PrJngshriin  Jahrk,  Bd.  ▼,  1866-7, 

^  According  to  Mobios  they  are  also  present  in  G^HioHmon  eximium^  Boi».-.S3lScrtr#  eximimm 
Schrenk. 

*  The  following  statements  refer  in  part  at  any  rate  to  the  axes  of  infloreaoeaoea. 

'  According  to  Scott  and  Brebner  tne  medoUary  vaicnlar  bundles  of  AfmmfJUiim§m  ^mtmtwm 
arise  relatively  late  from  a  secondary  meristem,  and  the  latter  orcaiiooiUy  appenit  in  a  anion 
position— external  to  the  primary  vessels  of  the  normal  ring  of  bondkt. 
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p.  323. — Martinet,  Org.  de  5)to^,  Ann.  sc  nat.,  ser.  5,  t  zir,  1872,  pp.  194.  195. — Schwendener, 
Mech.  I'rin/ip.,  1874,  p.  143.— Rumow,  LdtbundelFew.,  1875. — De  ikry,  Vcrgl.  Anat,  1877. — 
Licopoli,  (ill  ftomi  e  le  glandole,  Atti  R.  Accad.  cL  sc  fis.  e  mat.,  vol.  viii,  1879. — !•  ^  Weist, 
Markst  Gerassbundelsyst,  Bot.  Ccntimlbl.  1883,  iii,  pp.  385,  386 and  Tab.  i.— Volkent,  Kalkdriiien 
d.  PI  ,  Ber.  deatsch.  bot  GcKllich.  1884,  pp.  334-42  and  Tab.  viii. — Khij^,  Anom.  Holzbild., 
Diss.,  Leipzig,  1884,  p.  14. — Volkens,  Standort  Ac,  Jahrb.  Berliner  Garten  1884,  p.  35. — 
.'^oleredcr,  HoUstr.,  1885,  pp.  163-5. — Vesque,  Gamopetales,  Ann.  sc.  nat.,  s^.  7,  t  i,  1885, 
I).  350.— Woronin,  Blattstr.  ▼.  Staiut  wwncpeiala^,  Bot  Zeit.  1885,  pp.  177-85  and  Tab.  ii. — 
Maury,  Organisat.  etc  det  PI.,  Ann.  sc  nat.,  s^.  7.  t  it,  1886,  pp.  1-134  and  pi.  1-6. — Mobins, 
Konzentr.  (jefassb.,  Sitz.-Ber.  dentach.  bot.  Gesellsch.  1887,  pp.  11,  la. — Volkent,  Aegypt-arab. 
Wuste,  1SS7,  n.  137  and  Tab.  iv. — Vaillemin,  Glandes  ^pld.,  Ann.  sc  nat,  s^r.  7,  t  ▼,  1887, 
pp.  153-6S  and  pi.  4.— Kohl,  Kalks.,&c,  1889,  p.  99  et  seq. — Pax,  in  Natiirl.  Pflanzen£un.,  vt.  Teil, 
Abt.  I,  18^9,  pp.  117-18  and  Fig. — Koss,  Tessoto  assim.  e  peridcrma,  Nqot.  Giom.  bot.  Ital., 
vol.  xxi,  1SS9,  p.  340. — Wilson,  Glands  of  the  PI.,  Annals  of  Bot,  vol.  iv,  1890,  pp.  231-58  and 
pL  X  \iii. — Scott  and  Brebner,  Internal  phloem  A:c,  Ann.  of  Bot,  vol.  v,  1891,  pp.  388-94  and 
pi.  xix.  XX. — Itenecke,  Nebeni.  d.  Spaltcyffn.,  Bot.  Zcit  189a,  p.  541  et  seq. — Warming,  Halofyt 
Stud  ,  K.  Ihinske  Vid.  Selsk.  Skr.  1897,  pp.  191,  19a  and  204. 

PRIMULACEAE. 

1.  Review  of  the  Anatomical  Features.  The  following  features  are 
sptTially  imjx)rtant :  the  lack  of  a  special  iy^  of  stomatal  apparatus, 
the  (lovelopment  of  a  characteristic  endodermis  with  Casparjrs  dots 
on  its  radial  walls  around  the  vascular  bundles,  and  the  occurrence  of 
glandular  hairs  with  a  unicellular  or  multicellular  head,  which  in  the  latter 
ca.se  is  divided  by  vertical  walls  only.  In  addition  to  the  glandular  hairs, 
simple,  uniseriate  and  multicellular  branched  trichomes  (in  Androsace) 
take  part  in  forming  the  hairy  covering  of  the  Primulaceae.  The  per- 
forations of  the  vessels  are  simple  in  the  few  cases  obser\'ed  {Androsace^  Lysi- 
fpuichia) ;  the  development  of  cork  (rhizome  of  Primula)  is  internal.  Oxalate 
of  lime  hivs  not  lM>en  described  as  occurring  in  any  member  of  the  Order.  The 
lollowing  tyjx?s  of  secretory  organs  are  present :  secretory  cells  with  red  contents 
{Anagallis,  Ceniuncuius^  Lysimachia);  closed  (schizogenous)  secretory  cavities 
with  the  same  secretion,  which  often  has  a  sphaero-crystalline  structure  (Lysi* 
machia,  Coris^  Samolus,  and  A  ndrosact) ;  these  are  connected  by  transitions 
with  ordinary'  intercellular  spaces  ha\ing  similar  contents  (Lysimachia) ; 
finally,  there  are  ordinary  intercellular  spaces,  provided  with  a  mucilaginous 
lining  (Primida).  Deviations  from  normal  structure  are  found  in  the 
stem  and  rhizome  of  certain  species  of  Primula^  which  may  be  shortly 
described  as  Auriculas,  and  in  HotUmia,  A  transverse  section  of  the 
rhizome  or  stem  in  the  Auriculas  (Fig.  115)  shows  several  rings  of  vascular 
bundles  (*  steles  '  of  Van  Tieghem),  often  devoid  of  a  pith,  in  place  of  the  normal 
ring  of  bundles.  The  *  steles  '  are  arranged  in  a  circle  or  arc  quite  irregularly 
placed,  and  the  stem-structure  of  the  Auriculas  is  thus  polysteUc.  In  addition 
to  this,  a  network  of  vascular  bundles  is  developed  secondarily  in  the  pericycle 
of  these  steles  ;  this  is  connected  with  the  fibro-vascular  system  of  the  adven- 
titious roots  and  is  termed  *  r&eau  radicifere  *  by  Van  Tieghem.  The  same 
*  rt*scau  radicifere  '  also  occurs  in  those  species  of  Primula  which  are  collectively 
termed  OfficinaUs  by  Van  Tieghem.  Their  stem  or  rhizome  shows  normal 
stnictiire,  i.e.  a  single  ring  of  bundles,  and  is  thus  *  monostelic'  The 
wairr-i»lant  HoUonia  has  a  vascular  system  of  concentric  structure  in  its  stem 
witli  mural  xylem  and  secondarily  formed  pith,  arising  from  wood-parenchyma. 

2.  SiRicTirRE  OF  THE  Leaf.    This  is  sufficiently  well  known  in  the  sixteen 


'  This  plant,  a  sterile  portkm  of  Uie  branch  of  which  wis  inTettigmtcd  by  Worooin,  is  not 
.S/d/f.<'  m^ncf^tala,  l^  -  Lim&miastrmm  mrtuuiatmm,  Mch.  It  wis  detennincd  at  sach  hj  WoroBin 
on  anatiimical  grutinds  on  aocoiiat  of  the  brmnchcd  ■clefcnchymmtou  cellf  of  the  leaf,  which 
were  erri>ncoo»Iy  described  for  Statice  mmt^/ttmia  by  De  Buy  (Vergleich.  Anmt). 
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genera '  examined  by  Kamienski.  It  is  essentially  the  same  throughout^  and 
only  varies  in  so  far  as  the  nature  and  consistency  of  the  leaves  are  different 
The  epidennis  is,  in  most  cases,  characterized  by  undulated  lateral  waUs ;  the 
high  epidermal  cells  of  Samolus  liUoralis^  however,  are  provided  with  straight 
lateral  walls.  It  has  already  been  indicated  above,  that  the  stomata  have  no 
specialized  adjacent  cells,  but  are  surrounded  by  three  or  more  ordinary  epi* 
dermal  cells.  In  Primula  stomata  are  found  on  both  surfaces  of  the  leal,  and 
are  even  occasionaUy  (P.  Auricula)  more  niunerous  on  the  upper  side.  The 
aquatic  HoUonia  develops  few  or  no  stomata  on  its  submerged  leaves.  Water- 
pores,  from  one  to  three  in  number,  are  frequently  (SoUanMa  Clusii^  Primmla 
Auricula^  P.  acaulis,  and  other  species,  HoUonia)  present  on  the  leaf-teeth ; 
in  P.  sinensis  there  is  an  epithema  beneath  them,  to  which  a  vascular  bundle 
extends  (De  Bary).    The  leaf-structure  is  bifadal. 

Three  kinds  of  secretory  receptacles  are  found  in  the  Order :  secretory 
cells,  schizogenous  secretory  cavities  provided  with  an  epithelium,  and  ordinary 

intercellular  spaces  which  are 
not  closed  ana  are  filled  with 
a  secretion.  The  secretory 
cells,  which  have  reddish- 
brown  contents,  have  been 
observed  in  the  roots  of 
Lysimachia  Nummularia^  L. 
punctata^  and  L.  vulgaris 
(De  Bary),  in  the  leaf  of 
Anagallis  coerulca  and  Cm- 
iuncidus  minimus  and  in  the 
pith  and  cortex  of  Anagallis 
repens^  DC.  and  A.  laiifoUa^ 
L.  (Kamienski).  The  nume- 
rous red  dots  in  the  leaves 
of  Anagallis  coerutea  and Ceth 
tunculus  minimus  are  caused 
by  these  cells.  The  dosed 
secretory   cavities   are  coo- 

Fiaii4.  Hairy  coTtrinn:  of  the  PrinmlMCfte :  A.  WM/r»M«  fined  to  the  eftnmrsk  L^ni^ 
mmitUca^;  ■,  A.  tUmnia^  c,  A.  mrm€kmcidmx  D.  Cydmm€  f  ""^ .  ^?  ™^  gencra  l*y»- 
^trsitmmi  s,  Lytimmekta  NMmmmUrU.—hStia  KuDieMkiT  machta  XTiCX.  NaumhurgUL  and 

Lubinia^  Caris  and  S4unotm$\ 
according  to  Bokomy  ;  to  these  I  can  add  Androsace  with  A.  lactea^  L.  on  the 
basis  of  a  casual  observation  of  my  own  ;  Kamienski  is  wrong  in  desciibii^ 
groups  of  secretory  cells  as  occurring  in  this  species.  According  to  Bokomy,  the 
schizogenous  secretory  cavities  are  generally  not  constant  for  the  genus,  at  any 
rate  not  as  regards  their  occurrence  in  the  leaf ;  thus  they  are  absent  in  the 
leaf  of  Lysimachia  ciliata,  L.,  L.  evalvis.  Wall.,  &c.  Their  contents  resemble 
those  in  the  secretory  cavities  of  the  allied  Order  Myrsineae,  and  are  usually 
formed  by  a  bright-red  sphaerocrystalline  body,  which  is  slightly  soluble 
in  alcohol,  but  readily  soluble  in  ether ;  these  contents  cause  the  reddish- 
brown  or  brown,  transparent  or  opaque,  dotting  of  the  leaves.  The  schizo- 
genous origin  of  the  secretory  cavities  has,  so  far,  only  been  ascertained 

>  Thcie  are:  Primula,  Andrcsaee,  Diwysia,  C^tma,  Dodicaiksm,  Cvtlmmm,  SMbmOb^ 
Lysimackui  (ind.  Nauwburgia  and  Lubimia),  Giaux,  Asttroiimum,  THimtJu,  Cmis.  Am^mliit, 
Cmtumndus,  Hottcnia  and  Samolus.  --v— -• 

*  Bokomy  examined  the  leaTet  of  Hottcnia,  Amdrosaa,  Douglasia,  Diamytia,  C^rtuM,  Trfdhwrffa, 
IMeeatMim,  Cyelamtn,  TritnUdis,  Asterolimmm,  Glaux,  Atuunliis  and  dmtumimim  with  acntift 
remits.  A  renewed  inYettipition  of  thoe  gencri,  at  well  at  of  aU  the  PrimnlaccM,  with  tmrnrii  to  tht 
occnrrcDoe  and  differentiation  of  the  secretory  receptacles  in  the  Tuioos  orBaas  la  deffaaUt. 
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in  Lysimachia.  All  transitions  from  the  closed  secretory  cavities  just  men- 
tioned to  ordinary  intercellular  spaces,  filled  with  the  same  secretion,  are  found 
in  sjxxies  of  Lysimachia,  The  latter,  for  example,  are  described  by  De  Bary  as 
occurring  in  the  stem  and  root  of  Lysimachia  Ephemerum^  and  (accompanying 
closed  secretory  cavities)  also  in  the  leaf.  Lazniewski  has  recently  described 
similar  structures,  namely  intercellular  spaces  with  a  mucilamnous  lining,  in  the 
leaf  of  a  number  of  Primulas  (in  P.  Auricula^  P.  pubescens^  P.  rhaeiica/ocCf  but 
not  in  P.  officinalis^  P.  elatior^  &c.). 

According  to  Kamienski,  the  hairy  covering  consists  of  clothing  and 
capitate  hairs.  The  former  are  mostly  simple  and  uniseriate,  but  exhibit  various 
forms.  Thus  A  ndrosace  elongaia  has  short  conical  trichomes  of  two  or  three  cells 
(Fig.  114,  B)^  A,  maxima  has  long  uniseriate  hairs,  composed  of  numerous  cells 
with  wide  lumina,  whilst  in  other  species  of  Androsace^  the  cells  of  the  uni- 
.seriate  hairs  have  very  thick  walls  ana  narrow  limiina,  and  may  be  few  {A.  sat- 
tncntosa)  or  many  {A.  arachnoidea.  Fig.  114,  C,  A.  Chamaejasme^  A,  cylindrica 
and  A,  villosa)  in  number.  In  many  species  of  Androsau  (A,  septentfionalis^ 
A.  midtiscapa.  Fig.  114^  A,  A.  armeniaca^  A,  lacUa  and  A.  ciliata)  multicellular 
branched  hairs  occur,  in  which  the  degree  of  branching  varies.  It  has  already 
been  stated  in  the  general  diagnosis  that  the  head  of  the  capitate  hairs  is  either 
unicellular  or  divided  by  vertical  walls  only.  Apart  from  the  number  of 
cells  in  the  head,  the  capitate  hairs  differ  in  the  sha(x;  of  the  latter  and  in  the 
varied  length  of  the  uniseriate  stalk,  which  may  be  short  and  bicellular  or  longer 
and  comix)sod  of  more  numerous  cells.  The  capitate  hairs  in  question  are,  as 
a  rule,  glandular  hairs,  the  head  producing  a  resinous  secretion  below  the 
cuticle;  it  is  remarkable  that  this  is  also  the  case  in  the  water-plant  Hot- 
tonid.  Tlie  well-known  bloom  which  is  found,  for  example,  in  Primula  Auri* 
culd  and  P.  farinosa,  is  the  product  of  the  secretion  of  these  capitate  hairs, 
and,  according  to  De  Iiar>%  consists  of  crystalline  particles  which  are 
readily  solul)lo  in  cold  alcohol  (therefore  not  wax).  The  glandular  hairs  in 
question  have  Ix^en  observed  by  Kamienski  in  all  the  genera  mentioned  above 
submitted  to  examination  by  him.  The  head  of  these  glands  is  in  most  cases 
unicellular,  as  in  Primula.  A  bicellular  head  is  mentioned  by  Kamienski  as 
occurring  in  Cyclamen  (Fig.  114^  D  *),  Anagallis  coerulea^  Lysimachia  vulgaris^ 
Trienialis  curopa^a  and  Hottonia  ;  a  usually  quadricellular  head  in  Lysimachia 
Nummularia  (Fig.  114^  /:),  Astcrolinum  stcUalum  and  Ceniunculus  minimus; 
in  Gldux  maritimus  and  Samolus  there  are  heads  which  are  composed  of  still 
more  numerous  cells.  The  glandular  hairs  generally  stand  freely  on  the  surface 
of  the  organs  ;  in  Samolus  liitoralis  they  are  deeply  sunk  in  the  epidermis. 

3.  STRiTirRE  OF  THE  SiEM  AND  Rhizome.  All  the  genera  investigated 
by  Kamienski,  ^^ith  the  exception  of  Hoitonia  and  one  group  of  species 
of  Primula,  to  which  I  shall  return  below,  have  normal  stem-structure,  i.  c. 
a  ring  of  vascular  bundles  surrounding  a  central  pith,  and  enclosed  by  an  endo- 
dermis  and  the  primary  cortical  tissue.  The  vascular  tnmdlea  forming  the  rin^ 
show  various  features.  In  some  members  of  the  Order  they  are  firmly  connected 
witli  one  another  and  grow  in  thickness  by  means  of  a  cambium,  e.  g.  in  the  peren- 
n  1  al  forms :  Prim  ula  sinensis,  A  ndrosace,  Cortusa,  Cyclamen  curojpaeum^  Soldanella^ 
r oris,  Lysimachia  vulgaris,  &c. ;  in  other  cases  the  cambium  is  wanting,  e.  g.  in 
most  annual  Primulaceae.  The  vascular  bundles  are  often  isolated  and  arranged 
in  a  circle  in  the  transverse  section  of  the  stem,  e.  g.  in  Primula  mistassinica  and 
sornr  >ix*cies  of  A  ndrosace,  Glaux  and  Trienialis  are  transitional  forms,  inasmuch 
as  the  xylem-groups  of  the  bundles  are  distinct,  whereas  the  bast-groups  are  in 


'  .'\  )<c.  uliar  hairy  corcrini:  hai  been  shown  hj  lIUdebnuKl  to  oocor  on  the  tnbeiB  of  oertain  ipedet 
of  Cfclamfn  ;  this  U  compo«d  of  the  cmpiute  Ittin  dcKribed  abo^,  tnitcd  bain  (with  a  lingle  italk- 
cell  an<l  a  varying  number  of  ray-oeUs)  and  intenncdiate  fonu  bitwecn  thete  two  typet. 
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continuity.  An  endodennis  was  found  by  Kamienski  in  aD  the  species  investi- 
gated by  him;  it  is  readily  recognized  by  the  characteristic  Caspary's  dots  on  the 
radial  walls.  In  exceptional  cases  the  endodermal  cells  show  very  considerable 
thickening  of  their  wsdls  and  a  corresponding  reduction  of  their  lumen,  e.  g.  io 
SoldaneUa  alpina  and  5.  montana.  The  endodermis  is  to  be  found  in  the  root 
and  leaf  as  well  as  in  the  stem.  Internal  to  the  endodermis,  in  the  pericycle,  a 
sclerenchymatous  ring  frequently  occurs,  e.  g.  in  Lysimachia  vulgaris^  TrietUaiis 
europaeUy  and  others.  This  ring,  or  rather  the  tendency  to  form  such  a  nng,is 
regarded  by  Westermaier  as  a  general  anatomical  character  of  the  Order.  In  tlwse 
cases  in  which  it  is  wanting,  its  absence  is  easily  explained,  according  to 
Westermaier,  on  physiological  grounds,  the  stems  in  question  having  little  need 
of  rigidity  (for  details  see  loc.  cit.).  In  other  Primulaceae,  viz.  in  certain 
species  of  the  genus  Primula^  which  will  be  referred  to  again  below,  a  periderm  is 
developed  beneath  the  endodermis  of  the  stem,  and  causes  the  latter  and  the 
primary  cortex  to  be  thrown  off.  In  other  Primulas  s^^n,  namely  in  those 
of  the  group  Ofl&cinales  and  in  the  Auriculas  (sensO  Van  Tieghem),  a  system  (A 
vascular  bundles  is  formed  in  the  pericycle  of  the  root-stock  ;  this  system  is  in 
direct  connexion  with  the  adventitious  roots,  and  surrounds  the  system  ol 
leaf-trace  bundles  in  the  form  of  a  complicated  network  ('  r^seau  radicifere '  of 
Van  Tieghem).  With  regard  to  the  perforations  of  the  vessels  it  is  only  known 
that  they  are  simple  in  Androsace  and  Lysimachia.  Medullary  groups  of 
sclerenchyma  are  characteristic  of  certain  Primulas,  Cortusa  MaithioH^  SoUandia 
montana^  5.  alpina  and  Samolus  liUoralis^  R.  Br.  Similar  groups  of  sclerenchyna 
also  occur  in  the  cortex  in  certain  Primulas  and  in  Samolus  lUtoralis.  A  further 
consequence  of  the  mode  of  hfe  in  damp  locaUties  is  the  presence  of  large  inter- 
cellular spaces  in  the  pith  and  primary  cortex  in  a  number  of  members  of  the 
Order,  such  as  species  of  Lysimachia  (especially  L.  thyrsiflora^  L.);  the  hakh 
phytic  species,  dlaux  maritima^  also  has  large  air-passages  in  its  cortical  tissue, 
similar  to  those  of  L.  thyrsiflora.  The  schizogenous  air-passages  are  largest  in 
the  water-plant  HoUonia,  in  which  they  are  arranged  in  several  circles  in  the 
transverse  section  of  the  stem  and  are  only  separated  by  single  rows  of  cells. 

The  fibro-vascular  system  of  the  stem  of  the  water-plant  HcUonia  is 
anomalous.  On  superficial  examination  it  seems  to  consist  of  a  ring  of  bundles 
surrounding  medullary  tissue,  as  in  the  normal  Primulaceae,  except  that 
intercellular  spaces  appear  in  place  of  some  of  the  primary  groups  of  vesseb 
and  that  the  secondary  thickening  by  means  of  the  cambial  nng  is  sli^t 
Closer  examination,  however,  shows  that  the  tissue  appearing  as  a  pith  is  not 
ground-tissue,  but  wood-parench5ana  resembUng  a  medulla,  in  the  centre  ck 
which  the  first  vessels  were  developed  (H.  Schenck). 

The  peculiar  anomalous  stem-structure  of  the  Auriculas  has  already  been 
briefly  referred  to  above  in  the  review  of  the  anatomical  features.  It  was  first 
described  by  Vaupell  in  Primula  Auricula  and  later  by  Kamienski,  who  discovered 
the  same  anomalous  structure  in  certain  other  Primulas ;  quite  recently  it  has 
again  been  dealt  with  by  Van  Tieghem  and  DouUot.  These  authors  investigated 
more  than  loo  species  of  the  genus  Primula^  and  showed  that  the  anomaly 
found  in  Auricula  occurs  in  a  considerable  number  of  cases;  and  they  made 
use  of  this  anomalous  structural  feature  in  conjunction  with  other  characters 
for  a  classificatory  subdivision  of  the  genus  Primula.  Neglecting  a  few  excq>- 
tions,  this  classification  can  be  brought  into  agreement  with  Duby's  system  in 
De  CandoUe's  Prodromus. 

In  one  group  of  Primulas,  which,  according  to  Van  Tieghem,  coincides  with 
the  genus  Primula^  Toumef.,  the  structure  of  the  stem  (rhixome)  is  normaL 
Only  a  single  ring  of  vascular  bundles,  a  *  stele,'  is  found  in  the  stem;  the  latter 
therefore  has  monostelic  structure.  The  species  exhibiting  this  type  of  structure 
are  separated  by  Van  Tieghem  into  further  groups,  according  to  their  anatomical 
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features.  Thus  one  series  of  species  (Sinenses  and  Cortusoides  of  Van  Tieghem) 
shows  strong  secondary  thickening  in  the  wood  and  bast  of  the  stem,  while  another 
series  (Officinales  of  Van  Tieghem)  has  only  sUght  growth  in  thickness.  In 
the  first  two  sub-groups  the  outer  cortex  is  thrown  offowing  to  cork-formation 
lx?neath  the  endwiermis ;  in  the  Officinales  a  *  r^seau  radicif^re/  which  has 
already  been  referred  to,  appears  beneath  the  endodermis.  Features  of  less 
importance,  and  only  of  value  for  distinguishing  species,  are :  groups  of 
stone-cells  in  the  pith  (Primula  elatior^  P.  carpaihica,  P,  cortusoides)^  complete 
sclerosis  of  the  pith  (P.  sepUmloba),  groups  of  stone-cells  in  the  cortex  (P.  heu- 
cheraefolia)^  branched  groups  of  stone-cells  in  the  cortex  (P.  nuUvacea),  &c.  (Cf. 
the  syno{>sis  in  Ann.  sc.  nat.,  S^r.  7,  T.  ill,  p.  292  ) 

A  second  group  of  Primulas  which  Van  Tieghem  places  together  under 
the  generic  name  Auricula,  Toumef.,  differs  essentially  from  the  first  group  in 
the  anomalous  structure  of  the  stem.     At  a  distance  of  a  variable  number  of 
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A,  Strl«  from  the  ttem  of  PHtmmJm  {Amn'cmU)  ghtHtmm  ia  trmasverae  Mctkm,  fonaed  fay  4*5 
Turuur  immilra  ftnd  provided  with  ft  pith  of  thtck-wftlfod  fibrosa  oelk.  ■,  PovtkM  of  the  fmmoalcJic  fa«sidle>nag 
oi  PtimtJm  (AMriatfa  jmPcmica  ;  oo  the  oatakJe  b  the  cortiaU  network  of  bttDdleib  The  aolt  bast  it  ihaded  ia 
both  figvm.— After  Van  Tiegfaeni  and  DoalkX. 

intcrnodt*s  above  the  cotyledons,  there  is  still  a  single  ring  of  vascular  bundles 
to  Ik*  seen  in  a  transverse  section.  Still  higher  up,  however,  this  ring  appears 
to  have  split  by  repeated  forking  into  several  bundle-rings,  '  steles,'  which 
either  do  or  do  not  possess  a  pith.  They  vary  in  their  number  and  in 
their  arrangement  in  a  transverse  section  (Fig.  115,  -4).  The  stem  of  the  Auri- 
culas has  numerous  steles ;  it  is  polysteuc.  In  the  group  of  Primulas 
in  question,  the  wood  and  bast  of  the  stem  show  either  no  growth  in  thickness 
or  i)nly  a  slight  amount.  The  outer  cortex  is  not  thrown  off,  and  a  *  r6seau 
radicifere  '  is  formed  in  the  jxricycle,  as  in  the  Officinales.  Amongst  the  Auri- 
culas only  one  species,  P.  reptans^  forms  an  exception  as  regards  the  pol5rstelic 
character  just  mentioned ;  it  shows  a  stem-structure  similar  to  that  of  HoUonia^ 
as  it  }X)ssosses  only  one  'stele'  and  little  pith. 

The  number  and  arrangement  oi  the  steles  vary  in  the  polystelic  species.  Thus 
there  arc  only  2-3  steles  in  Primula  minutissima,  P.  gluiinosa,  Stc,  ^-5  steles 
(li>{K>sed  in  a  circle  in  P.  angusHfolia,  P.  capiUUaSa,  &c.,  8  similarly  placea  steles  in 
/'.  mtntma,  P,  Muretiana,  Ac,  12  in  P.  catntolica,  20  in  P.  Delavayi,  In  other  species 
tiic  steles  do  not  appear  arranged  in  a  circle,  but  irregularly  scattered  in  the  trans- 
verse section  ;   in  this  case,  however,  a  series  of  larger  steles  generally  forms  a  ring. 
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The  following  species  belong  to  this  type  :  P.  pedwnontana  and  P.  dommsmsis  with 
12  steles,  P.  spectabilis  with  20  steles,  P.  ursf,  P.  lati folia  and  P.  cofMimflflte  with 
about  40-50  steles,  P.  hirsuta  with  as  many  as  70  or  80  steles.  The  steles  are 
mostly  small  and  round,  when  they  are  numerous  (P.  Delavayi^  P,  ursi^  Ac); 
when  they  are  few  in  number,  they  may  likewise  be  small,  as  in  P.  AiiiomU^ 
P.  angustifolia,  &c.,  though  they  are  generally  lam  and  either  rounded  (P. 
algida^  &c.)  or  elongated-eUiptic  (P.  farinosa,  Ac).  The  structure  of  the  stdfli 
is  as  follows.  The  parenchymatous  tissue  forms  zones  of  cells  round  each  steks 
these  cells  are  also  arranged  in  radial  rows  and  are  separated  by  small  quadrangular 
intercellular  spaces  in  a  transverse  section  of  the  stem.  The  innermost  of  these 
zones  is  differentiated  as  an  endodermis  and  shows  Caspary's  dots  on  the  ladial 
walls  of  the  cells.  The  endodermis  is  followed  internally  by  a  pericycle  of  one  or 
two  layers  of  ceUs.  The  vascular  system  consists  of  4-8  groups  of  soft  bast,  which 
are  occasionally  united  with  one  another  to  form  a  ring,  and  has  a  corresponding 
number  of  groups  of  xykm,  which  are  situated  opposite  and  internal  to  the  phloeni- 
groups,  and  likewise  occasionally  coalesce  with  one  another.  In  the  interior  of  the 
stele  a  pith  is  generallv  wanting  (P.  urst,  P.  /a/t/o/ta,  Ac);  more  rarely  it  is  present 
When  present  its  cells  sometimes  have  thin  walls  (P.  Balbisii,  P.  Maximomicni)^ 
but  more  frequently  they  are  thickened  and  lignified  (P.  spectabilis^  P.  Clusimnm^  P. 
glutinosa^  &c. ).  In  those  cases  in  which  the  pith  of  the  stele  is  not  sclerotic,  groups  of 
sderenchyma  are  sometimes  found  in  the  pericycle,  but  only  on  the  side  which  is 
directed  towards  the  centre  of  the  stem  (P.  minima,  &c.);  in  other  species  scattered 
groups  of  sclerenchyma  occur  throughout  the  ground-tissue  of  the  stem  between  the 
steles  (P.  pubescens,  P.  Muretiana,  &c.).  The  last-mentioned  groups  of  sderaiGfay- 
matous  cells  sometimes  become  secondarily  surrounded  by  an  annular  zone  otf  pori- 
derm  (P.  pubescens).  Concerning  the  course  of  the  steles  it  may  be  pointed  out  that 
they  do  not  run  parallel  to  one  another,  but  anastomose  in  a  reticulate  manner.  When 
the  meshes  of  the  network  are  elongated  and  the  strands  narrow,  the  steles  are  mostly 
isolated  in  a  transverse  section.  One  can  then  follow  Van  Tieghem  in  speaking  of 
a  *  dialysteUc '  structure  of  the  stem  (P.  Mfst,  P.  marpnata,  Ac),  On  the  other  hand. 
if  the  meshes  are  short  and  the  strands  of  the  network  broad,  the  steles  in  a  trmnsveise 
section  of  the  stem  frequently  appear  arched,  or  even  under  certain  drcnmstanoet 
fused  with  one  another  to  form  a  smgle  ring,  which  is  only  shghtly  interrupted  ;  this 
structure  may  be  described  as  '  gamostclic  '  (P.  japonica.  Fig.  1 1 5,  B,  P.  purpmrm^ 
P.  sonchi folia,  &c).  (Cf.  the  synopsis  of  the  species  of  Auricula^  in  Ann.  sc  nat., 
S6r.7,T,  III,  p.  305.) 

Litenitiire:  Vaupell,  Periph.  Wachst  d.  Gefissb.  etc.,  Leipzig,  1855.— De  Buy,  VogL  Ant, 
1877.— Kmmienski,  Ver^L  Anat.  d.  Primeln,  Dii^,  Strassbarg,  1875,  39  pp. — Arochov,  BUdeii 
anat,  in  Minnesskrift,  Lund,  1878,  p.  140  et  sen. — Kamieniki,  Vergl.  Anat.  d.  Pr.,  Abh.  natnf. 
Geiellsch.  zn  Halle,  Bd.  »▼,  1880,  pp.  141-230  and  Tab.  ii-xi  (Polish  in  Abh.  Krakmaer  Ak«L  1877. 
pp.  35-93  and  Tab.  i-z). — Westermaier,  Mechan.  Gewebesjft.  etc.,  Sitc-Rer.  fieriiaer  Akad.  1881, 
pp.  1051-64  with  Tab.— Szjtzylowicx,  Sekretbeh.,  Pamietnik  Akad.  Umijetnofd  W.  Krakowk, 
t.  Ti,  1881,  p.  33  and  Tab.  tL— Hohnel,  Sekretionsorg.,  Sitz.-Ber.  Wiener  Akad.,  Bd.,  ImiT, 
Abt  I,  1881,  p.  575.— Bokorny,  Dnrchi.  P.,  Flora  i88a,  p.  377  et  teq.,  icpante  copy,  pp.  31-$. 
— Vesque,  Gamopaalet,  Ann.  ic.  nat.,  s^r.  7,  t  i,  1885,  pp.  3K0  and  354.— Van  TiccfacoB,  Sml 


de  la  tige  d.  Primevcres  etc..  Bull.  Soc.  bot.  de  France  1886,  pp  05-105,  and  GroapeOMBl  d. 

■"  '       '  "   " d.  tobmenen  Gew.,  BIbl  ' 

.        ,  Italic,  Ann.  tc.  oaL,  i^.  t, 
t.  iii,  '1886,  pp.  383-307  and  pi.   13-15.— Brick,  Baltiscbe  Stiandpfl.',  Schrift  natorl  GckIIkL 


Primercret  etc.,  loc  cit.  pp.   136-31. — II.  Schenck,   Vcrgl.  Anat.  d.  tobmenen  Gew.,  BIbl.  boL 
1886,  pp.  30  and  37,  Tab.  U  and  vi.— Van  Tieghem  and  Douliot,  PolyiC^lie,  Ann.  tc.  oaL,  ifr.  ' 


Danzig,  Bd.  xYii,  Heft  t,  1888,  pp.  144-51  and  Tab.  ii.— Pax,  in  NaturL  Pflanaenfiuk.,  hr.  TcO, 
Abt  I,  1889,  p-  99- — V^  Tie^em,  Struct  et  afT.  det  Primev^iet  etc.,  Jonim.  de  boL  1891. 
pp.  133-6. — Widmer,  Enrop.  Arten  d.  Gatt.  /'rtmula,  Munchen,  1891. — Rnttd,  Clioutt  mra., 
Ann.  tc  nat.,  ser.  8,  t  i,  1895,  p.  338.— Dielt,  Nenteeland.  Engler  Bot.  Tahrb.,  Bd.  izli,  1896, 
p.  315.— Ilildebrand,  Eigent.  Haarbild.  auf  d.  Knollen  einig.  A.  ▼.  CjrcAMwit,  Bot  Zett  1896, 
pp.  133-9  <^^  '^<L^  iv.— Lazniewski,  Hiol.  d.  Alpenpfl.,  Ditt.,  Munchen,  1896.  p.  34etaeq.  ^Kpanu 
copy  from  Flora  1896). — (rwynne-Vaoghan,  Polyitely  in  Primula,  Ann.  of  Bot,  voL  n^  1^7* 
pp.  307-35  and  pi.  xiv.— Matte),  Corposcoli  rosii  etc,  ]k>ll.  Soc.  bot  ItaL  1897,  p.  83  ct  teq.— 
Warming,  Halofyt  Stud.,  K.  Danske  Vid.  Selik.  Skr.  1897.  p  185. 


507 

MYRSINEAE. 

1.  Review  of  the  Anatomical  Features.  The  anatomical  features 
which  are  characteristic  of  this  Order  are  as  follows  :  the  prevalence  of  simple 
perforations  in  the  vessels,  the  simple  pitting  of  the  wood-prosenchyma,  which 
is  sometimes  septate,  the  occurrence  of  bordered  pits  on  the  vessel-wall  even 
where  it  is  in  contact  with  parenchyma,  the  lack  of  a  special  type  of  stoma,  and 
the  frequent  occurrence  of  shortly  stalked  glandular  hairs  with  a  flatly  spherical 
or  peltate  head,  which  is  divided  by  vertical  walls  only  (Fig.  ii6) ;  especially 
in  the  Theophrasteae,  these  glandular  hairs  are  deeply  embedded  in  the  tissue 
of  the  leaf  and  are  then  visible  even  to  the  naked  eye  as  depressed  dots.  The 
members  of  the  tribes  Maeseae  and  Eumyrsineae  contain  schizogenous  secretory 
cavities  in  the  leaf,  which  give  rise  to  transparent  or  opaque  dots  and  hnes  ;  the 
corresponding  secretory  structures  in  the  axis  are  developed  as  canals.  The 
Theophrasteae  lack  secretory  cavities,  but  are  distinguished  anatomically  by  the 
occurrence  of  sclerenchymatous  fibres  beneath  the  epidermis  on  both  sides  of 
the  leaf ;  the  differences  in  the  mode  of  arrangement  of  these  sclerenchymatous 
fibres  enable  one  to  distinguish  the  four  genera  belonging  to  this  tribe.  In 
addition  to  the  glandular  hairs,  peltate  trichomes  of  analogous  structure  (but  not 
glandular)  occur  in  the  Order  ;  further,  simple  uniseriate  and  peculiar  branched 
trichomes  are  found,  the  latter  in  Jacquinia  armiUaris^  J  acq.  (Fig.  Ii6,  C). 
Besides  the  secretory  cavities,  resin-celLs  are  sometimes  present  (pith  of  Maesa 
and  leaf  of  sj^ecies  of  Cylnaftthus)  and,  according  to  H5hnel,  *  proteid-containing 
marginal  glands  and  fused  secretory  sacs  *  (leaf  of  Ardisia  crenaia).  Oxalate  of 
lime  apix^ars  in  the  form  of  clustered  and  solitary  crystals.  Other  special 
features,  which  can  be  employed  in  detailed  diagnosis,  are  the  following : 
gelatinization  of  the  epidermis  of  the  leaf,  development  of  hypoderm  in  the  leaf, 
structure  of  the  pericycle  (isolated  groups  of  bast-fibres,  or  a  composite  and 
continuous  ring  of  sclerenchyma),  &c. 

2.  Stricture  of  the  Leaf.  The  special  features  exhibited  by  the  tissues 
oi  the  leaf  have  been  sufficiently  investigated,  but  our  knowledge  of  the  general 
characters  of  the  leaf-structure  is  essentially  confined  to  what  Vesque  has 
published  as  the  result  of  general  comparative  investigations.  The  leaf-structure 
is  generally  bifacial.  The  lateral  wsdls  of  the  epidermal  cells  are  straight  or 
undulated.  Striation  of  the  cuticle  has  been  observed.  In  Oncostcman  and 
Myrsin€  capiUUata  the  cells  of  the  epidermis  have  very  large  lumina.  A  hypo- 
derm  of  one  or  few  layers  is  developed  in  certain  species  of  Clavija  (C.  noauis^ 
C.  *  ornata,'  C.  Riedehana^  C.  Rodekiana^  C.  umbro^)  and  Jacquinia  (/.  armil- 
laris  and  /.  rusci folia),  according  to  Vesque,  in  Aegiceras  majus^  Gaertn., 
according  to  Schimj^r,  and  in  Clavija  caloneura^  Mart.,  according  to  my  own 
observation  ;  gelatinization  of  the  epidermis  of  the  leaf  occurs  in  Wailenia 
iaurifolia,  Sw.,  Cybianlhus  detergens^  Mart.,  C.  myriantkos^  Miq.,  C.  obowUus^ 
Mart,  and  C.  penduliflorus.  Mart.,  Canomorpha  laxiflara^  A.  DC.,  c.  macrobkylla^ 
.Mart.,  and  C.  nemoralis.  Mart,  et  Mia.,  Ardisia  UUites^  Mart.,  all  accorain^  to 
Ik)korny,  and  in  Paraikcsis  crenulata^  Hook,  f .,  according  to  my  own  observation. 
The  stomata  are  only  found  on  the  under  side,  and  are  surrounded  by  three  or 
inert'  neighl>ouring  cells.  The  vascular  bundles  of  the  veins  have  a  sderenchy- 
nialou^  sheath  in  certain  species  only.  Oxalate  of  lime  is  usually  deposited  in 
the  form  of  ordinary  soUtary  and  clustered  crystals ;  snniall  prismatic 
or  acicular  crystals  of  oxalate  of  Ume  have  been  met  with  in  the  epidermis 
of  the  leaf  of  Deherainia  smaragdina  and  Jacquinia  ruscifolia. 

The  schizogenous  secretory  cavities  in  the  leaf,  which  are  characteristic 
of  the  .Maeseae  and  Eumyrsineae,  have  much  greater  systematic  value  than  the 
majority  of  the  features  so  far  referred  to.  They  have  been  demonstrated  by 
Bokorny  in  the  genera  Myrsine^  Wailenia^  Cybianlkus  (with  Weigeliia)^  Embdia 
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(with  Choripetalum),  Conomorpha^  Ardisia  (with  Badula,  Climacandra^  and 
Stylogyne)y  Pimelandra  and  Hymenandra,  by  Radlkofer  in  Maesa  *,  by  Pax  and 
Van  Tieghem  in  Aegiceras,  and  by  a  casual  observation  of  my  own  in  Gramma- 
denia  (G.  parasitica,  Griseb.,  Eggers  n.  634,  San  Domingo)  and  Paraihesis  (P. 
crenulata.  Hook,  f.,  Pringle  n.  3101,  Mexico).  The  contents  of  the  secretory 
cavities  either  have  a  distinctly  radiate  crystalline  structure  or  are  homogeneous 
and  vitreous,  and  consist  of  large  fragments,  or  they  are  minutely  granular.  In 
some  cases  they  are  soluble  in  alcohol  and  ether ;  in  other  cases,  however,  they 
dissolve  slowly  only  in  these  reagents,  but  readily  in  a  solution  of  caustic  potash. 
The  colour  of  the  contents  varies  from  pale  yellow  to  deep  reddish-brown,  and 
determines  the  transparent  or  opaque  character  of  the  dots  in  the  leaf.  In  rare 
cases  there  are  no  contents  in  the  secretory  cavities,  which  then  only  appear  as 
dull  transparent  dots.  Other  features  worth  noting  are  that  it  is  not  a  rare  occur- 
rence for  the  secretory  cavities  to  be  crowded  at  the  margin  of  the  leaf  and  that 
they  are  not  always  round,  but  may  sometimes  (Maesa,  Grammadenia  parasitica) 
have  an  elongated,  sac-like  shape.  The  resin-cavities  are  said  to  be  accompanied 
by  large  spherical  secretory  cells  in  the  leaf  of  Cybianthus  cuneifolius^  Mart, 
and  C.  detergensy  Mart.  (Bokomy)  It  may  be  added  that  secretory  cavities 
are  also  present  in  the  axis,  where  they  are  developed  as  canals,  occurring 
either  in  the  pith  and  primary  cortex  or  in  the  latter  alone  *.  In  Maesa  indica. 
Wall.,  resin-cells  have  been  observed  accompanying  the  secretory  cavities 
in  the  pith '. 

Internal  secretory  organs  of  quite  a  peculiar  type  have  been  recorded  by 
Hohnel  in  the  leaf  of  Ardisia  crenulata,  and  were  described  as  '  proteid-con- 
taining  glands  *  and  *  fused  secretory  sacs.'  The  proteid-containing  glands  are 
visible  even  to  the  naked  eye  as  oblong  sweUings  on  the  crenate  margin  of 
the  leaf  and  bear  a  certain  relation  to  the  marginal  veins.  In  that  portion 
of  the  leaf-margin  which  is  devoid  of  glands,  the  marginal  veins  in  tnmsverse 
section  consist  of  a  ring  of  vascular  bundles,  surrounding  a  pith  and  developed 
more  strongly  towards  the  lower  than  towards  the  upper  side  of  the  leaf.  In 
the  neighbourhood  of  the  gland,  the  upper  part  of  this  vascular  ring 
becomes  less  developed  and  finally  quite  reduced.  The  gland  itself  is  formed 
by  the  mass  of  pith,  from  which  it  appears  to  originate  after  the  manner  oi 
an  intramural  gland,  the  cells  of  the  pith  appearing  for  the  most  part 
separated  from  one  another,  and  only  remaining  united  in  such  a  way  as  to 
form  long  threads,  filled  with  the  secretion,  which  traverse  the  enlarged  medullary 
cavity.  This  secretion  is  also  very  peculiar ;  even  in  the  living  leaf  it  con- 
sists of  small  bacteria-Uke  bodies,  which  have  the  appearance  of  a  precipitate  and 
are  shown  by  their  chemical  properties  to  be  of  the  nature  of  proteid.  *  Fused 
secretory  sacs  *  occur  in  the  leaf  of  Ardisia  crenata,  where  they  accompany 
secretory  cavities.  Each  of  these  sacs  has  the  appearance  of  a  secretory  cell 
enclosing  a  sphaero-crj^tal  of  variable  size  ;  from  a  study  of  the  development 
however,  it  becomes  evident  that  each  of  them  arises  by  fusion  from  a  group  ot 
twenty  or  more  cells.  In  the  cells  of  such  a  group  separate  sphaero-crystals  at 
first  appear,  but  these  gradually  increase  in  size  and  coalesce  to  form  a  single 
round  sphaero-crystal ;  thereupon  the  cell-walls  lying  within  the  secretory  mass 


*  Bokoroy  was  uncertain  as  to  the  nature  of  the  secretoiy  receptacles  in  MSusm,  Radlkoier 
eliminated  Bokomy's  exceptions  relating  to  the  absence  of  the  secretory  caTitie%  for  he  dcnoiistiatei 
their  presence  in  small  numbers  in  CybituUhus  /mscus,  Mart,  and  showed  that  Myrtimi  mitis, 
Spreng.  was  a  member  of  the  Sapotaceae  and  Af.  margimita.  Hook,  ct  Am.  a  mcmbci  oi  the 
Ilicineae. 

'  Secretory  cavities  have  been  observed  in  the  axis  of  certain  species  of  JIfyrsime,  Cj4immtkm, 
Choripetalumy  Ardisia^  Maesa  and  Aeguera%, 

*  The  secretory  cavities  are  wanting  in  the  root  of  the  Myxaineae  (Van  Tieghem). 
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l)ecome  dissolved,  while  the  j)eripheral  walls  are  retained  and  surround  the 
sphaero-crystal  as  a  uniform  envelope. 

While  the  two  tribes  Maeseae  and  Eumyrsineae  are  distinguished  from  the 
Theophrasteae  by  the  presence  of  secretory  cavities,  another  interesting  ana- 
tomical character  appears  in  the  latter  tribe,  although  wanting  in  the  remaining 
tribes  of  the  Order.  According  to  Vesque  and  Radlkofer,  sclerenchymatous 
fibres  are  found  beneath  the  epidermis  on  both  sides  of  the  leaf  in  Tfuophrasla^ 
Clavija,  Deherainia  and  Jacquinia ' ;  in  the  two  genera  named  first,  they  run 
approximately  in  the  direction  of  the  lateral  veins,  and  are  frequently  so  distinct 
in  the  dried  leaf  that  they  had  previously  attracted  the  attention  of  descriptive 
lx)tanists,  c.  g.  A.  de  CandoUe  and  Decaisne. 

According  to  Radlkofer,  tliesc  fibres  present  features  which  are  quite  different 
in  the  four  genera.  In  Theophrasta  they  have  thick  walls  and  narrow  lumina,  and 
iire  crowded  together  into  stout,  many-layered  bundles  of  ^6-64  or  more  fibres. 
These  bundles  have  a  tortuous  course,  somewhat  like  the  bMndles  of  fibres  in  the  bast 
of  the  lime  tree,  and  they  anastomose,  leaving  meshes  t>ctween  them,  which  are 
occupied  by  green  leaf-tissue.  In  the  li\ing  leaf  these  bundles  are  scarcely  noticeable, 
but  in  the  dried  leaf  they  project  slightly  externally,  and  give  the  upper  surface  of 
the  leaf  a  peculiar  sheen  like  satin  ;  at  the  same  time  they  prevent  the  network  of 
veins  Irom  showinK  distinctly.  In  the  species  of  Clavifa  the  fibres  have  thinner 
walls  and  rather  wide  lumina'.  In  this  genus  there  is  usually  only  a  double  layer  of 
fibres  and  they  are  less  distinct  from  the  neighbouring  elements,  because  a  layer  of 
hyiKxlermal  cells,  elongated  in  the  same  direction,  tnough  having  relati\'ely  thin 
walls,  is  not  uncommonly  to  be  found  t>eneath  the  epidermis,  at  any  rate  on  the  upper 
side  of  the  leaf.  The  sclerenchymatous  fibres  in  question  arc  in  some  cases  so  incon- 
spicuous among  the  hypodermaJ  cells  that  when  the  leaf  is  examined  with  a  lens  they 
may  appear  to  be  al>sent ;  in  other  species,  however,  they  may  be  seen  with  a  lens. 
These  ft  ores  do  not  prevent  the  network  of  veins  from  being  evident  in  the  dried  leaf, 
and  this  is  a  very  essential  point.  In  Deherainia  the  fibres  are  widely  separated  from 
one  another  on'  the  upper  side  of  the  leaf,  and  are  arranged,  several  one  above 
anoihtT.  in  a  single  or  double  row,  but  on  the  lower  side  of  the  leaf  they  are  grouped 
toj^ethor  in  large  bundles.  Their  course  approximately  corresponds  with  that  of 
the  lateral  veins.  The  essential  character  ot  the  fibres  of  Jacauinia  is  their  tendency 
to  run  in  the  direction  of  the  midrib  of  the  leal.  Other  details  vary  within  the 
genus,  and  these  will  render  valuable  services  in  a  future  revision  of  the  species.  In 
some  s{>ecies  of  Jacquinia  (J.  rusci folia,  Jacq.,  /.  aurantiaca.  Ait.)  the  nbres  form 
a  continuous,  single,  or  locally  double  or  triple  subepidermal  layer  on  the  upper  side 
of  the  leaf;  in  other  species,  however  (/.  armi/Zans,  Jacq.,  /.  Berierii,  Spreng.),  they 
form  larger  bundles,  similar  to  those  of  Theophrasta.  On  the  lower  side  of  the  leaf 
they  are  invariably  arranged,  as  in  Deherainia,  in  rather  large  isolated  bundles. 

The  following  facts  may  be  mentioned  with  regard  to  the  hairy  covering. 
Simple  uniseriatc  hairs  are  rare.  In  Deherainia  stnaragdina  and  Jacquinia 
macrocarpa  they  consist  of  a  few,  considerably  thickened,  cells  (Vesque).  Jac- 
quinia armillaris,  Jacq.  (Fig.  116,  C)  has  hairs  of  quite  a  peculiar  type.  Tliese 
have  a  uniseriate  stalk  and  a  multiceUular  terminal  portion,  which  is  fantastically 
Nha(X'd  and  often  branched  ;  all  the  cells  of  the  hair  have  sclerosed  walls.  The 
trii  homes  in  question  cover  the  shoots  so  densely  that  their  true  nature  does 
not  l>ecome  evident  until  one  examines  thin  sections,  the  surface  of  the  shoots 
a|>[Hanng  granulated,  not  hairy.  The  capitate  or  peltate  trichomes  are  much 
more  imj)ortant  than  those  so  far  discussed ;  some  of  them  have  solely  a 
(lothin^  function,  but  others  are  glandular.  Tlieir  head  or  shield,  as  the  case 
may  U*,  is  divided  by  vertical  walls  only.  Such  trichomes  are  described  by 
\'esque  as  occurring  in  species  of  Myrsine,  Ardisia^  Jacquinia^  Clavija  and  Theo- 
phrjst.i,  by  O.  Bachmann  in  species  of  Ardisia,  Conomorpha  and  Hymenandray  by 


'  Accr>rdmK'  to  Radlkofer  tbe  genos  Riftomia^  citetl  amongst  the  TbeophimBtcM  in  Diinuid*t  lodei 
.ir.(i  in  the  Naturl.  Fflanfcnfam.,  it  not  a  member  of  the  Myrsineae,  but  beloogt  to  tbe  SapotaceM. 
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Radlkofer  in  all  four  genera  of  the  Theophrasteae,  i.  e.  for  Deherainia  as  weD ; 
they  also  occur  in  AegiceraSy  according  to  a  casual  observation  of  my  own. 

The  following  points  regarding  the  structure  of  these  capitate  and  peltate  hain 
are  based  principally  on  my  own  observations,  since  many  of  the  statements  in  the 
Uterature  are  too  indefinitely  expressed  to  be  further  considered.  Ardisia  foponica, 
A,  DC.  (Fig.  1 1 6,  D)  has  peltate  hairs  with  a  clothing  function;  they  are 
composed  of  a  short  and  broad  stalk-cell  and  of  a  rather  large  shield,  which  has 
a  slightly  lobed  margin  ;  only  certain  of  the  ray-cells  reach  to  the  centre  of  the 
shield,  and  it  is  exceedingly  rare  for  them  to  be  divided  by  a  t^ng^^ntial  wall 
Precisely  similar  trichomes  are  also  found  in  Ardisia  polyneura^  Miq.,  ConomofpU 
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Fig.  ii6.    Hairy  covering^  of  the  Myrsineae:    A-B,  Deprened  gUndaUr  hair  of  Clm^ifm 
A,  in  transverse  section,  B,  in  surface-view,    c,  Hain  from  the  nirface  of  a  branch  oS /^epUmim  mrwUUmria.  Jaaa. 
D.  Peltate  hair  of  Ardisia  Javanica,  A.  DC.    B,  Pelute  hair  of  Ardifia  moiroearptt^  WaU.    p-€l  GImi  d 
A€gricgr<u  mafus,  G&rtn.— Orijrinal. 


macrophylla.  Mart.,  and  C.  heterantha,  Benth.,  according  to  O.  Bachmami.  The 
peltate  hairs  of  Ardisia  macrocarpa.  Wall.  (Fig.  ii6,  E),  and  other  species  of 
Ardisia,  of  Conomorpha  nemaraiis.  Mart,  ct  Miq.,  and  Hymenandra  WaUickii^  A- 
DC.  have  a  glandular  function  ;  upon  the  stalk-cell  is  seated  a  shiekL  of  relatively 
small  circumference,  and  showing  a  large  number  of  4-  or  more-aided  rHH  in 
surface- view  ;  these  at  first  sight  appear  to  be  irregularly  arranged,  but  they  can 
in  many  cases  be  referred  to  ray-cells,  which  start  from  a  median  line  in  the 
shield  and  are  subdivided  by  radial  and  tangential  walls.  The  capitate  haiis 
of  the  four  genera  of  the  Theophrasteae  also  have  a  glandular  function ;  they  are 
deeply  sunk  in  the  surface  of  the  leaf  and  thus  cause  the  depressed  dots,  which  lone 
ago  attracted  the  attention  of  systematists  (see  A.  de  Candolle  and  ^^"^him  ar^ 
Hooker).  The  hairs  (Fig.  1 16,  A-B)  consist  of  a  basal  cell,  a  short  stalk-c^  and  a 
flatly  arched  head  ;  the  narrow  ray-cells  of  the  latter  are  present  in  varying  munben* 
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arranged  radially  or  approximately  so  in  surface-view,  and  appear  like 
section  of  the  leaf ;   usually  the  head  alone  is  raised  \ 


celb  in  a  transverse  section  of  the  leaf ;  usually  the  head  alone  is  raised  above  the 
base  of  the  depression.  Outside  the  group  Theophrasteae,  similar  depressed  glanda- 
lar  capitate  hairs  occur  in  Myrsine  ccMteuata,  according  to  Ves<}ue,  and  in  Aeeiceras, 
according  to  my  ovm  ob9er\'ation.  The  glandular  hairs  of  Aegtceras  (Fig.  i  lo,  F-G) 
are  especially  peculiar  in  having  their  lateral  walls  almost  fus^  with  the  waU  of  the 
depression,  and  in  the  arrangement  of  the  ray-ceUs  in  surface>view,  which  reminds 
one  of  certain  corals  {Cyclolitkes  or  Fungia  discus). 

3.  Structure  of  the  Axis.  This  has  hitherto  been  little  investigated. 
The  following  statements  regarding  the  structure  of  the  wood  are  based  on 
an  examination  of  Maesa  Doraena^  BL,  M.  indica^  Wall.,  Ardisia  crenulata^  Vent., 
Myrsim  umbellala^  Mart.,  Af .  semiserrala^  Wall.,  Clavija  macraphylla^  Mig.  var. 
and  Jacquinia  armiUaris,  J  acq.  The  medullary  rays  vary  in  breadth,  being  as 
much  as  six  cells  broad  in  Ardisia  ctcnulaia^  as  much  as  three  in  Maesa  Daraena. 
Their  cells  are  usually  elongated  in  the  vertical  direction ;  this  is  frequently  the 
case  even  when  the  medullary  rays  are  broad,  although  in  other  instances  the 
cells  of  such  medullary  rays  are  radially  elongated.  The  vessels  never  have 
specially  wide  lumina.  The  wood  in  the  branches  oi  Jacquinia  armiUons  lacks 
secondary  medullary  rays,  and  is  also  distinguished  by  being  poorly  supplied 
with  vessels.  According  to  my  obser\*ations,  the  walls  of  the  vessels  bear  boraered 
pits  only,  even  where  they  are  in  contact  with  parenchyma  ;  Pomrencke  states 
that  both  lx)rdered  and  simple  pits  occur  on  these  parts  of  the  wall  in  the 
wixxi  of  the  stem  in  some  species  of  Myrsine,  Spiral  thickening  of  the  vessel- 
wall  is  found  in  Maesa  Doraena.  The  perforatioas  of  the  vessels  are  chiefly 
simple  in  the  species  investigated  by  me.  In  Maesa  Daraena^  M.  indica^  and 
Ardisia  crcnulata,  scalariform  perforations  are  found  accompanying  those  of 
the  simple  tyjx*,  and  in  Ardisia  they  even  have  numerous  bars.  In  wood 
from  the  stems  of  species  of  Myrsine,  Pomrencke  found  both  simple  and  scalari- 
form j)erforations  or  only  one  of  these  two  types.  Pomrencke  mentions  the 
<x:currence  of  an  excretion  of  carbonate  of  Ume  in  the  lumina  of  the  vessels  in 
Myrsine  Grisehachii,  Hieron.  The  wood-|)arenchyma  docs  not  take  a  prominent 
part  in  the  formation  of  the  xylem-mass  in  any  member  of  the  Order.  The 
wood-prosenchyma  has  moderately  thick  walls  and  rather  wide  lumina  and 
l>ears  simple  pits  ;  the  lumen  is,  to  a  certain  extent,  septate  in  all  the  species 
mentioned  above  except  Jacquinia  armillaris. 

As  no  statements  on  the  subject  were  to  be  found  in  the  literature ',  I 
investigated  the  structure  of  the  cortex  in  Maesa  Doraena^  Bl.,  Myrsine  umbd- 
lata.  Mart.,  Jacquinia  armiliaris^  Jacq.,  Dekerainia  smaragdina^  Decne.,  and 
Clavija  macrobhylla,  Miq.  var.  The  formation  of  cork  is  superficial,  being  sob- 
i'pidcrmal  in  Sfaesa^  Myrsine^  and  Jacquinia^  epidermal  in  (Clavija,  In  Jacquinia 
armtUaris  it  consists  of  sclerosed  cells  with  peculiar,  doubly  refracting  contents. 
The  (x^ricycle  contains  isolated  arcs  of  sclerenchymatous  fibres  in  CUnrija^  an 
almost  closed  ring  of  sclerenchyma  in  Maesa^  and  a  continuous  and  com- 
jxisito  ring  in  the  remaining  sp)ecies.  The  sderenchyniatous  fibres  of  the 
{H'ricycle  differ  from  typncal  bast-fibres  in  not  having  pointed  ends  or  abun- 
dant pitting.  The  primary  cortex  sometimes,  e.g.  in  Ciavija  tnacrapkyUa 
and  Jacquinia  armillaris^  contains  stone-cells. 

The  secretory  organs  of  the  axis  have  already  been  dealt  with  alxive  (see 
structure  of  the  leaf). 

Literature:  Moller,  Holxanat.,  Denlnchr.  Wiener  Akad.  1876,  pp.  6j  and  358.— De  Ikry, 
Vcrnl.  Anat.,  1S77.— Hohnel,  SdoctioDsorg.,  Sitx.-Iicr.  Wieoer  .\k«i.,  Bd.  Ixxzit.  Ate.  1,  pp.574 
an.i  5S3  ct  scq.— vSiyuylowici,  Beh.  flOcht  Oclc  (Polish),  Pamietnik  Akad.  Uinie)ctn.  W.  Krakowie, 
t.  >i.  iHSi,  p.  i^  ct  icq.  and  Tab.  ri,  vii.— Bokorny,  Doicha.  P.,  Flora  i88j,  p.  373  et  leq.,  Kparate 

'  TkicfkfaiU  imferialis,  Hort.,  dcicribed  in  Mollcr's  *  Baamrindcn*  mider  Mynineae,  it  a  member 
of  the  .^{lotaceae  {Ckfys^fi/mm  im/eruUt), 
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copy,  pp.  27-31. — Van  Tieghem,  in  Ann.sc.  nat.,s^r.  7,t.  i,  1885,  pp.  57, 58. — Vesqne,  Gamop^uln. 
Ann.  sc.  nat.,  s^r.  7,  t.  i,  1885,  pp.  245-54  and  pi.  12.— Solcreder,  Holzstr.,  1885,  pp,  165-7.— 
O.  Bachmann,  Schildhaare,  Flora  1886,  separate  copy,  pp.  19,  20  and  Tab.  ix. — Radlkotier,  Durcb. 
P.,  Sitz-Ber.  Miinch.  Akad.  1889,  pp.  321,  322.— Leblois,  Can.  aecr^.  etc.,  Ann.  sc  oat.  s^r.  ;, 
t.  vi.  1887,  pp.  272,  273. — Radlkofer,  Theopkrasta  &c,  Sitz.-Ber.  Miinch.  AluuL  1889,  p.  238  et  kc 
— Pax,  in  >faturl.  Pflanzenfam.,  iv.  Teil,  Abt.  i,  1889,  p.  85  et  seq. — Schimper,  IndomaUy.  Strandpl, 

1 891,  p.  17  and  Tab.  iv. — Pomrencke,  Holz  einig.  symp.  Fam.,  Prantl,  Arb.  hot.  Gmrten  BiaJaa, 

1892,  p.  43  et  seq. — Mattej,  Corpuscoli  rossi  Sec,  Boll.  Soc.  bot.  Ital.  1897,  p.  83  et  leq. 

SAPOTACEAE. 

There  are  two  anatomical  features,  which,  taken  together,  enable  one  to 
recognize  any  member  of  the  Sapotaceae  even  in  the  sterile  condition,  and  are 
thus  specially  characteristic  of  the  whole  Order :  firstly,  the  occurrence  of  uni- 
cellular, two-armed  hairs,  and  secondly,  the  presence  of  rows  of  laticif erous  sacs, 
which  are  found  in  the  leaf,  for  the  most  part  accompanying  the  veins,  and  an 
also  met  with  in  the  axis  (in  pith  and  cortex).  Except  for  tiie  two-armed  hairs, 
which  are  sometimes  modified  into  one-armed  hairs,  no  other  form  of  trichome 
occurs.  To  the  two  anatomical  characters  mentioned  we  can  add  a  third,  viz.  the 
occurrence  of  irregularly  shaped,  doubly  refracting  masses  of  caoutchouc,  whid 
vary  in  size  and  are  to  be  found  in  dried  material  in  the  assimilatory  tissue  0: 
every  full-grown  Sapotaceous  leaf ;  and  a  fourth  character,  viz.  the  lack  of  a 
special  uniform  type  of  stoma  in  nearly  all  cases.  In  the  structure  of  the  axis, 
the  following  characters  are  of  value  for  the  diagnosis  of  the  Order  :  as  far  as  t 
known,  the  formation  of  cork  is  superficial ;  the  wood-parenchyma  is  developed 
so  as  to  form  tangential  bands,  and  the  wood-prosenchyma  has  sinople  pits. 
The  perforations  of  the  vessels  show  a  tendency  towards  a  scalariform  differentia- 
tion. The  vessel-wall,  where  it  is  in  contact  with  parenchyma  of  the  medullaiy 
rays,  bears  large,  simple,  elliptical  pits  side  by  side  with  bordered  pits.  Oxalate 
of  Ume  is  deposited  in  the  form  of  solitary  or  clustered  crystals,  while  in  tixe 
laticif  erous  sacs  it  is  frequently  found  in  the  form  of  finely  granular 
crystal-sand. 

The  structure  of  the  leaf  has  been  specially  examined  by  HoUe  in  con- 
tinuation of  Vesque's  general  comparative  statements.  HoUe^  investigations 
extended  to  comprehensive  material,  which  had  been  criticaUy  revised  by 
Radlkofer,  and  in  the  endeavour  to  obtain  specific  and  generic  characters  for 
the  systematic  rearrangement  of  the  Order  they  have  yielded  numerous  details, 
of  which  only  the  most  important  can  be  quoted  here  *.  The  structure  of  the 
leaf-tissue  is  bifacial ;  a  tendency  to  centric  structure  occurs  in  isolated  cases 
only.  The  palisade-tissue  consists  of  one  or  more  layers ;  occasionally  the 
number  of  layers  has  determinative  value  for  groups  of  species.  The  spong) 
tissue  is,  in  most  cases,  loose  and  provided  with  large  intercellular  spaces; 
more  rarely  it  is  dense.  The  structure  of  the  epidermis  of  the  leaf  varies 
greatly.  The  cuticle,  especially  on  the  lower  surface  of  the  l«if,  commonly 
shows  irregularities  such  as  granulation,  striation,  and  formation  of  ridge? 
or  comb-like  structures.  The  latter  (Fig.  117)  resemble  mountain  range? 
in  a  surface-view  of  the  leaf,  and  in  a  transverse  section  appear  as  proog^ 
or  rods,  which  vary  in  size  and  are  often  branched.  They  are  specially  well 
developed  on  the  lower  side  of  the  leaf  in  all  species  of  the  genus  Oxytkea,  The 
outer  and  lateral  walls  of  the  epidermal  cells  vary  in  thickness,  the  latter  being 
straight  or  undulated.  Marginal  pits  are  not  uncommon.  Formation  of  papilla^ 
on  the  lower  epidermis  has  not  been  observed  in  any  member  of  the  Order. 
and  gelatinization  of  the  epidermal  cells  has  only  been  seen  in  three  species 


'  The  s])ccific  nomenclature  made  use  of  here  it  that  of  HoUe ;  with  regtrd  to  thif  poict  tec 
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{Dipkolis  udicijolui^  A.  DC.,  D.  montana^  Griseb.,  and  Bumdia  c^Aensis^  Griseb., 
p.  oblongata^  Oriseb.).  In  Ckrysobhyllum  Cainito^  L.  the  cells  of  the  upper 
epidermis  of  the  leaf  are  divided  by  one  or  more  transverse  walls.  This  is 
suggestive  of  a  transition  to  the  difi^rentiation  of  a  hypoderm,  which  appears 
in  many  members  of  the  Order.  Hypoderm  is  either  characteristic  of  an 
entire  genus  (e.g.  lUipe^  F.  v.  Miill.)  or  of  certain  sections  of  a  genus  (e.g. 
the  scctioas  Calvaria^  Kadlk.  MS.  and  Mermuiaria^  Radlk.  MS.  of  the  genus 
Sidcfoxylon  and  the  section  AtUhducuma  of  the  genus  Vitdlaria^  Gartn.  fil. 
emend.  Radlk.)  or  only  of  certain  species  (species  of  Bunulia^  Mimusops^ 
Diphalis  and  CkrysopkyUum).  The  details  of  the  differentiation  of  the  hypo- 
derm  (development  on  one  or  both  sides  of  the  leaf,  number  of  layers,  shape, 
and  sixe  of  its  cells  and  structure  of  their  walls)  show  numerous  variations, 
which  are  of  value  for  specific  diagnosis.  The  stomata  in  nearly  aU  cases  are 
found  only  on  the  lower  surface  of  the  leaf.  According  to  HoUe,  there  are  only 
two  members  of  the  Order  (Omphahcarpum^  sp.  cult.  Hort.  Monac.  and  Balansa's 
plant  n.  2390  from  Paraguay)  in  which  they  are  present  in  large  numbers  on  the 
upper  side  also,  whilst  in  Ecclinusa  costaia^  Kerre,  and  E.  ramiflara^  Mart., 
isolated  stomata  have  been  met  with  on  the  upper  surface.  As  a  rule,  the  stomata 
are  surrounded  by  3-4  epidermal  cells ;  only  in 
a  few  species  (Pradosia  lacUsccns^  Radlk.  and 
Rkamnolucuma  novociiUdonica^  BaiU.)  are  all  the 
stomata  accompanied  by  subsidiary  cells  placed 
parallel  to  the  pore,  while  this  type  is  associated 
with  the  commoner  form,  though  less  abundant 
than  the  latter,  in  some  species  of  CkrysopkyUum 
and  in  It€iluma  BaiUoniu  Baill.  Usually  the  guard- 
cells  lie  in  the  same  {dane  as  the  epidermal  cells ; 
but  depressed  stomaU,  which  are  often  very  con- 
siderably sunk  (e.g.  in  PouUria  ramiflara^  Kadlk. 
and  the  species  of  the  two  sections  Calvaria, 
Radlk.  MS.  and  Mermularia,  Radlk.  MS.  of  the 
genus  Sideroxytom),  also  occur;  it  is  rare  for  the  unZ^^^'ot  ^"^^JTolt^j^ 
stomata  to  be  elevated  {Sarcosperma  and  Afimusops  kpMmr^,  Miq.^OfigiMa. 
Cafff{L,  E.  Mey.).  The  smaUer  veins  of  the  leaf  may 

be  either  vertically  transcurrent  (by  means  of  sclerenchyma  or  collenchyma)  or 
embedded  ;  their  vascular  bundles  are  usually  accompanied  by  sclerenchyma  in 
lx)th  cases.  The  occurrence  of  sclerenchymatous  fibres  in  the  mesophyll  is 
very  widely  distributed  in  the  Order.  HoUe  describes  them  as  beins  present  in 
the  foUowinf  cases :  CkrysopkyUum  glabrum,  Jacq.,  all  the  species  of  tne  section 
Co/oM^tiroff,  Kadlk.  MS.,  certain  species  belonging  to  the  section  CkrysaUdops^ 
Radlk.  of  the  genus  Micropkolis^  and  certain  species  of  Payena^  Bumaia^ 
Mimusops^  Oxytkece^  PackysUla^  Ackras^  Ecclinusa^  Passaveria^  Labourdounaisiat 
Ser$aiis%4^  Lucuma^  lUiluma^  Amorpkosptrmum^  Labramia^  Elaeoluma^  and 
Gymnoluma.  These  sclerenchymatous  fibres  generally  have  a  thick  wall  and  a 
narrow  lumen,  but  moderately  thick  fibres  with  wi<k  lumina  have  been  met 
with  in  CkrysopkyUum  glabrum  ;  spirally  thickened  fibres  occur  in  the  species 
of  MicropMis  belonging  to  the  section  Caloneuron.  For  the  varied  course  of 
the  sclerenchymatoas  fibres,  see  Holle,  loc.  cit. 

The  hairy  coverinf  on  all  parts  of  the  plant  consists,  as  has  already  been 
pointed  out  above,  exclusively  of  unicellular  two-armed  trichomes,  which  may 
sometimes  (Caiocarpum  mammosum^  Pierre)  pass  over  into  one-armed  hairs  in 
coasequence  of  the  reduction  of  one  arm.  Occasionally  these  hairs  have  only 
a  clothing  function ;  in  many  cases,  however,  they  are  also  glandular  in 
nature,  as  is  proved  by  the  excretion  of  resin,  which  frequently  covers  the 
lower  side   of  leaves   bearing   a  dense  hairy  covering.     The  two  •armed 
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hairs  vary  in  the  nature  of  their  walls,  which  may  be  thin  or  strongly 
thickened,  the  thickening  in  the  latter  case  being  sometimes  confined  to 
the  lower  wall  in  both  arms;  other  differences  are  shown  in:  (a)  the 
length  of  the  arms  (thus  there  are  hairs  with  very  long  arms  in  most 
species  of  ChrysapkyUum  and  in  Planchanella^  hairs  with  short  arms  in 
Oxyihece^  Passaveria,  Pradosia,  Payena,  &c.);  (b)  the  shape  of  the  hairs  (Y- 
shaped  hairs  in  Calocarpum  mamtnosum^  Pierre,  and  others  resembling  a  boot- 
jack— in  consequence  of  the  forking  of  one  arm  of  the  hair — ^in  Crypiocorym 
Gerrardiana,  Hook.) ;  and  (c)  the  colour  of  the  hairs,  which  is  goldira-yellow, 
rusty-brown  or  silvery  white.  The  short  stalk  is  part  of  the  sin^e  cell 
forming  the  hair  and  is  occasionally  (especially  in  Labatia)  surroiuiaed  by 
subsidiary  cells,  which  sheathe  the  stalk-portion  and  are  more  strongly  thickened 
where  they  are  in  contact  with  it ;  in  consequence  of  this,  characteristic  scan 
are  produced  when  the  hairs  fall  off. 

Oxalate  of  lime  occurs  in  the  form  of  ordinary  solitary  and  clustered  oystais 
and  also  as  crystal-sand.  Typical  crystal-sand  is  only  found  intermin^ed  with 
the  latex  ;  but  a  few  crystalline  granules  are  sometimes  present  accompanying 
large  solitary  crystals  in  the  same  cell.  The  clustered  crystals  may  occur  aJone 
in  the  leaf  (species  of  SideroxyUm^  belonging  to  the  section  Calvaria)^  or 
there  may  be  only  solitary  crystals  {Mimusops^  species  of  SideroxyUm^  belonging 
tfithe  section  Mermularia),  or  both  types  together.  The  clustered  and  solitary 
crystals  are  found  both  in  the  integumental  and  in  the  assimilatory  tissue ; 
only  solitary  crystals  have  been  observed  accompanying  the  sderendiyma  of 
the  veins. 

According  to  HoUe,  the  position  in  which  the  crystalline  elements  occur  in  the 
leaf  is  of  systematic  value,  as  is  shown  by  the  following  examples.  In  Pradosia  rather 
large  solitary  crystals  are  met  with  in  correspondingly  large  cdls  of  the  palisade- 
tissue;  the  entire  mesophyll  in  RepUmia  buxifolia^  A.  DC.  contains  luge  cells 
occupied  by  solitary  crystals ;  in  Labatia  certain  cells  of  the  palisade-tiasoe  which  axe 
subdivided  by  transverse  walls  contain  single  crystals  in  the  compartments ;  in  E/jm- 
luma  solitary  crystals  occur  in  the  lower  epidermis  of  the  leaf ;  in  Rhamtnoiutna  caU- 
donica^  H.  BailL  and  other  cases,  in  the  hypoderm.  In  Palaquium  MipHcmm^  EngU 
the  clustered  crystals  are  enclosed  in  enlarged  cells  of  the  palisade-tissue  ;  Palaquium 
grande  has  clustered  crystals  in  the  mesophyll  and  in  the  lower  epidermis  of  the  leaf ; 
the  position  of  the  clustered  crystals  varies  greatly  in  the  different  species  of  Bwmsiia. 
where  they  are  either  to  be  found  in  the  uppermost  or  in  the  lowennost  layer  oi  the 
mesophyll  or  in  these  two  layers  as  well  as  in  an  intermediate  mesophyU-layer. 
and  so  on. 

The  laticiferous  sacs  characteristic  of  the  Order  are  present  in  the  axis 
and  leaf,  and  are  invariably  arranged  in  rows.  In  the  axis  they  are  found  in 
the  pithy  bast  and  primary  cortex  ;  in  the  leaf  they  usually  accompany  the 
vascular  system  of  the  veins.  In  transverse  sections  of  the  leaf  one 
occasionally  finds  laticiferous  sacs  which  are  apparently  independent  of  the 
vascular  strands  of  the  veins ;  this  is  mostly  aue  to  the  fact  that  in  the 
neighbourhood  of  the  angles  formed  by  the  veins,  the  rows  of  laticiferoos 
sacs  not  uncommonly  leave  the  vascular  system,  as  it  were,  cutting  across 
the  angle ;  they  thus  traverse  the  mesophyll  for  the  distance  of  a  few  cells,  and 
finally  attach  themselves  again  to  the  strand  of  the  vein.  Laticiferous  sacs 
which  are  really  free  in  the  mesophyll  are  rare  {Donella  Roxhurghimna^  Pient 
and  Amorphospermum  antilogum^  F.  v.  Miill.).  In  the  axis  the  individual 
laticiferous  sacs  are  of  varying  length,  and  also  vary  greatly  in  diameter. 
Those  situated  in  the  leaf  do  not  possess  a  large  lumen  but  show  distinct  dooga- 
tion,  which  varies  in  degree.  The  wall  of  these  elements  is  not  suberised 
and  is  generally  closed  on  all  sides ;  HoUe  has  demonstrated  the  occorrenceoi 
vessel-like  connexions  in  the  laticiferous  sacs  of  the  primary  cortex  of  SmpaU 
Pohlmaniana^  F.  v.  Miill.  (in  the  form  of  circular  holes),  and  Vesque  has  shomi 
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that  the  same  features  occur  in  the  leaf  of  Bumelia.  The  contents  of  the 
laticiferous  sacs  are  in  part  doubly  refractive,  and  are  formed  essentially  by 
resinous  and  caoutchouc-like  substances,  which  are  mostly  soluble  in  chloro* 
form,  benzol,  and  carbon  disulphide.  These  substances  are  sometimes  accom- 
panied by  crystal-sand,  consisting  of  oxalate  of  lime  according  to  Holle  and 
Leschwin  \  and  starch  {Bassia  latifolia^  Roxb.)  according  to  Heckel  and 
Schlagdenhaufien. 

The  structure  of  the  wood  has  been  examined'  by  Moller,  Molisch, 
Pomrencke,  and  myself.  In  the  branches  the  medullary  rays  are  mostly 
i-2-seriate,  rarely  4-seriate ;  they  are  broader  throughout  the  wood 
of  the  main  stem  (4-6-seriate).  The  diameter  of  the  vessek  varies 
(max.  diam.x075  mm.  in  Mimusops  Imbricaria).  The  perforations  of  the 
vessels  are  chiefly  simple;  accompanying  this  type,  scalanform  perforations 
with  1-7  bars  have  been  observed  in  the  species  investigated  by  me  and  in 
Lucuma  Cainito  and  ChrysophyUum  lucumifolium^  according  to  Ponu^ncke. 
In  the  species  which  I  examined,  the  vessel-wall,  where  it  is  in  contact  with 
parenchyma  of  the  medullary  rays,  has  large,  elliptical,  simple  pits  in 
addition  to  bordered  pits.  The  wood-parenchyma  is  ratner  strongly  developed, 
and  forms  tangential  bands  of  varied  thickness  in  transverse  sections  of  the 
branch.  The  wood-prosenchyma  has  thick  walls  and  narrow  lumina,  and  is 
provided  with  simple  pits. 

Regarding  the  structure  of  the  cortex,  the  small  amount  of  information 
contained  in  Mdller's  *  Baumrinden  ' '  is  practically  all  that  is  known.  The 
cork  arises  superficially,  in  the  first  cell-layer  of  the  primary  cortex  {Achras^ 
Lucuma;  ChrysophyUum  ^yrt/orw^,  according  to  Douliot)  or  in  the  second,  third 
or  fourth  layer  (Sapoia).  The  later  internal  periderms  are  distinguished  by 
the  prevalent  sclerosis  of  the  inner  walls  of  the  cork-cells  in  all  the  species 
examined.  In  the  cortex  of  the  branches  of  Sapoia  and  Lucuma^  isolated 
grouj>s  of  hard  bast  are  present  in  the  pericycle.  The  cortex  of  Monesia 
is  distinguished  by  the  structure  of  the  secondary  bast,  owing  to  its  lack 
of  bast-nbres  and  the  development  of  groups  of  stone-celb ;  the  rest  of  the 
'  barks  '  belonging  to  this  Order  have  secondary  hard  bast.  Oxalate  of 
lime  occurs  in  the  form  of  solitary  crystals  contained  in  chambered  fibres, 
which  accompany  the  bundles  of  bast-fibres.  Mention  has  already  been 
made  of  the  laticiferous  sacs  of  the  cortex. 

Litentare :  Moller,  Holzanat.,  Dcnkichr.  Wiener  Akad.  1876,  pp.  6a,  63  mod  358. — De  Btaj, 
Vergl.  Anat.,  1877,  especUlly  pp.  158-60. — MoUsch,  VeigL  Anat.  d.  Hobcf  d.  Ebenac.  etc, 
Siti.-Ber.  Wiener  AJcad.,  Bd.  Ixiii,  AU.  i,  1879,  p.  K4  et  leq.^Sfoller,  Rindenannt.,  i88a,  pp.  ipa-aoa 
—Kadlkofer,  in  SiU.-Ber.  Miinch.  Akad.  188a,  p.  365  ct  teq.  and  188^  pp.  397and  437  ct  •eo.—Vciqne, 
Gamopeule*,  Ann.  sc.  nat,  t^r.  7,  t.  i,  1885,  pp.  2$$-^$  and  pi.  1 3.--Solereder,  Holxstr.«  1885, 
y\\  167,  168.— Ileckeland  Schlafdenhaoflfen,  in  Compt.  rend.,  t  crii,  1888,  pp.  049*53- — Radlkofer, 
in  Sitz.-Ber.  Miinch.  Akad.  1888,  p.  405  et  tec|.  and  1889,  p.  965  ct  teq. — Dehmel,  Milchsaftbeb., 
Pits.,  Erlangen,  1889,  p.  30  ct  teq.— Dooliot,  m  Ann.  sc  nat,  fcr.  7,  t  z,  1889,  p.  375. — ^Engler,  in 
Naturl.  Pflansen&m.,  W.  Tdl,  Abt.  1,  1890,  p.  ia7.~Ho11e,  Anat.  Ban  d.  Blattes  d.  S.,  Dbi., 
l-lrlangen,  189a,  59  ppi  and  1  Tab. — Pomrencke,  in  Arb.  hot.  Gait.  Bictlaa,  i^>*  PP^  47-9* — 
Ocstcrle,  (lUtupordia,  Diia.,  Ben,  1893. — Leschwin,  2^j>hann.-hist  Keanta.  roa  AUa^aimm  Gitita 
Slc,  Mag.-Dtts.,  Petcnbnr^,  1894,  Russian  ;  abstr.  in  Pnann.  Post,  Wien,  1894,  n.  35. — Chimani, 
Milchrt»hrtn,  Hot.  Centralbl.  1895,  i,  p.  305  et  seq. 

'  Chimani,  to  whom  Holle*s  work  was  unknown,  wroogW  critidxet  Leschwtn's  statement  in  the 
fi>llowing  words  (I.  c,  p.  419) :  '  Thb  statement  can  only  be  one  to  a  mistake  1 ' 

'  The  following  plants  were  investigated  by  Moller  :  Mimusofs  Imbricaria,  L.  and  Sideraxyltn 
(intftum^  \jkm. ;  by  Vfolisch  five  species  of  the  genera  Aehras,  Stderaxyiam^  Bassia,  Chrys^pkyUmm 
and  Sa^a ;  by  Pomrencke  Lmtmma  Cmnii§,  A.  DC.,  /.  nerii/ptia^  Hook,  et  Am.,  ChrywpkfUmm 
Imumifolium,  Griteb.,  Bmmulia  0Uusif0iia,  R.  et  Sch.,  B.  nmtata^  Sw. ;  by  me  Batsia  laiiftiim, 
Kuxb.,  lionandra  lanceolaia,  Wight  and  Pa^^tna  imdJa,  DC. 

'  'Hie  following  plants  have  been  investigated :  il£»Mxii0-bark  =*  Pradosia  kutescms,  Radlk., 
Sidefoxylwn  lk»^Mtcum,  A.  DC.,  jIfArms  Sa^a,  L., '  Safaia  MUlltri,  Lind./  Lucuimm  CMnate,  R.et 
Sch.,  /.  frocera^  Mart,  Mimustfs  £U^p\  ll.  At.  Jkluramdrm^  Rosb.  and  ImUiricarim  wmseimm,  Pdir. 
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EBENACEAE. 

1.  Review  of  the  Anatomical  Features.  There  are  no  special  ana- 
tomical characters  common  to  the  whole  Order.  The  latidf erous  sacs  charac- 
teristic of  the  neariy  related  Sapotaceae  are  wanting.  The  structure  of  the 
wood  is  uniform.  All  the  genera  (with  the  exception  of  the  anomalous  genus 
Brachynema)  have  simple  perforations  in  their  vessek.  The  medullary  rstys 
of  the  wood  are  narrow  ;  the  vessel-wall  bears  bordered  pits,  even  where  it  is 
in  contact  with  parenchyma  of  the  medullary  rays  ;  the  wood-parenchyma  is 
developed  in  moderate  abundance,  and  traverses  the  wood  in  the  form  of 
tangential  bands  ;  the  wood-prosenchjmia  is  provided  with  small*  but  dis- 
tinctly bordered  pits.  The  structure  of  the  cortex  shows  essential  differences 
in  the  individual  genera.  The  origin  of  the  cork  is  subepidermal  in  Maim^ 
Diospyros,  and  Tetraclis,  in  which  a  sclerenchymatous  ring  is  present  at  the 
outer  limit  of  the  bast ;  in  Royena  and  Euclea^  however,  the  cork  develops  in 
the  pericyclic  region,  and  in  these  genera  the  cork-cambium  produces  a  sclerotic 
phelloderm,  while  the  continuous  ring  of  mechanical  tissue  in  the  pericycle 
is  wanting.  Development  of  secondary  bast-fibres  does  not  appear  to  take 
place  in  this  Order,  although  parenchymatous  sclerenchyma  may  occasionally 
be  observed  in  the  secondary  bast.  The  leaf-structure  is  mostly  bifacial ; 
the  stomata  are  surrounded  by  a  varying  number  of  ordinary  epidermal 
cells;  gelatinization  of  the  epidermis  has  not  been  observed,  and  hypo- 
derm  rarely  occurs.  Stone  -  cells  commonly  occur  in  the  parenchyipa 
of  the  petiole  and  of  the  veins ;  they  are  rarer  in  the  mesopnyU  (spedes 
of  Euclea^  LHospyros^  and  Maba),  The  occurrence  of  large  sohtary  crystals 
in  correspondingly  large  cells  of  the  mesophyll  is  characteristic  of  many 
members  of  the  Order,  though  not  of  all.  Oxalate  of  hme  occurs  not  only  in 
the  form  of  solitary,  but  also  in  that  of  clustered  crystals.  The  hairy  covering 
consists,  for  the  most  part,  of  simple,  unicellular  hairs,  which  are  very  rarely 
combined  to  form  tufted  hairs.  In  addition  to  these,  unicellular  two-armed 
trichomes  (Diospyros)  and  glandular  hairs  (Fig.  ii8,  C)  occur.  The  latter 
are  small  and  club-shaped ;  their  curved  uniseriate  stalk  usually  merges 
gradually  into  the  glandular  head,  which  is  made  up  of  a  few  cells.  Besides 
the  features  already  touched  upon,  the  occurrence  of  papillae  on  the  lower 
surface  of  the  leaf  (Fig.  ii8,  A-B)  and  the  varied  structure  of  the  veins  of  the 
leaf  may  be  mentioned  as  suitable  for  specific  diagnosis. 

The  anatomy  of  the  anomalous  genus  Brachynema  differs  essentially  from 
that  of  the  remaining  genera  in  the  exclusive  occurrence  of  scalariform  per- 
forations in  the  vessels  and  the  presence  of  large,  simple  pits  on  the  vessel-wall. 
where  it  is  in  contact  with  parenchyma ;  the  wood-prosenchyma  has  bordered 
pits  in  Brachynema,  as  in  the  other  members  of  the  Order, 

2.  Structure  of  the  Leaf.  In  addition  to  Vesque's  general  compaiati\*e 
statements  on  this  subject,  there  is  a  detailed  treatise  by  Parmentier; 
this  is  based  on  the  examination  of  ten  species  of  Royena^  thirteen  species  ot 
Euclea,  twenty-six  of  Maha^  about  seventy  of  Diospyros^  and  the  monotypic 
genus  Tetraclis. 

The  general  features  of  the  leaf-structure  may  be  noticed  first.  The 
mesophyll  is  bifacial  in  most  cases.  In  some  speaes  of  Royena^  Diospyrvs, 
and  Euclea^  subcentric  structure  occurs,  and  the  leaf  is  distinctly  centric  in 
Euclea  pseudebenusy  £.  Mey.  and  Royena  glabra^  L.  The  epidermal  ceOs 
usually  have  undulated  or,  more  rarely,  straight  lateral  ^n^ls.  The  thickness 
of  the  outer  wall  varies  greatly  ;  the  cuticle  is  sometimes  striated.  Gelatinia- 
tion  of  the  epidermal  cells  has  not  been  observed  in  any  member  of  the  Order. 
A  s]>ecia]ly  noteworthy  feature  is  the  papillose  differentiation  of  the  lower 
epidermal  cells,  the  cell-lumen  often  scarcely  taking  any  part  in  the  formatioo 
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of  the  papillae.  These  papillae  are  found  in  certain  species  of  DiosPyros 
and  Maba^  viz.  Diospyros  cargiUia,  F.  v.  Miill.,  D.  penlamera^  Woolls.  et  F.  v. 
Miill.,  D.  discolor^  WiUd.  (Fig.  118,  A-B),  D,  argeniea^  Griff.,  and  Maba  sericea, 
Hiem.  The  stomata,  which  almost  always  have  rather  a  wide  front  cavity,  are 
surrounded  by  several  epidermal  cells  which  have  no  special  orientation.  They 
may  be  either  depressed  or  raised  above  the  level  of  the  epidermis,  or  may  be  on 
the  same  level  as  the  latter.  They  are  mostly  confined  to  the  lower  side  of  the 
leaf  ;  in  EucUa  pseud^benus^  E.  Mey.,  however,  they  occiu*  on  both  sides. 
Hyixxierm  is  very  rare  in  this  Order  ;  Parmentier  observed  it  as  a  single  layer 
on  both  sides  of  the  leaf  of  Maba  humili^  K.  Br.  The  paUsade  and  spongy  tissue 
vary  in  their  differentiation  ;  the  latter  is  sometimes  dense,  sometimes  very 
lacunar.  The  smaller  veins  also  show  various  structural  features,  which,  like 
the  majority  of  the  characters  so  far  referred  to,  are  only  of  value  for  specific 
diagnosis.  In  most  cases  their  vascular  bundles  are  accompmied  by  sderen- 
chyma,  which  often  attains  a  considerable  development.  The  veins  may  be 
either  vertically  transcurrent  or  embedded,  but  this  character  also  is  only  valid 
for  s|)eciej>.  Small  veins  which  are  vertically  transcurrent  by  means  of  colour- 
less parenchyma,  however,  occur  in  most  species  of  Diospyros.  The  sclerosed 
parenchymatous  cells  of  the  mesophyll  form  a  special  feature.  In  very  many 
species  of  Diospyros  and  *\faba  and  also  in  EucUa  polyandra,  E.  Mey.  stone-cells 


A  K,  PttpiIkMr  rpkSermta  of  the  lomrt  aide  at  tht  Irttf  in  l>itffr99  4i»c»k 
a.  m  •■flacv  Tte«.    c,  GUadaUr  kair  o<  M^tfprm  K»ki.  L.I.— OrigtnaL 


Fiu  1 1  A.    A  K.  Pttptllov  rpkSermia  of  the  Umrr  •ideofUic  ir«r^  IHtfyniM  Sis<mhr,  Willd..  A    in  a  Irmat- 
rrfir  arrlMin 


are  present  m  the  parenchy-ma  of  the  ))etiole  or  of  the  veins;  regarding  their  dis- 
tn  hu  I  ion  Parmentier \s  work  may  be  referred  to.  The  occtirrence  of  sclerosed  and 
sonietimes  slightly  branched  celk  in  the  mesophyll,  especially  in  the  palisade- 
tissue,  is  more  im|x>rtant  from  a  systematic  point  of  view ;  these  cells  are  found 
in  the  following  s)[)ecies  :  Diospyros  acuta,  Tnw.,  D.  argenUa,  Griff.,  D,  discolor^ 
Willd.,  D.  emarginata,  Hiem,  D,  eriantka^  Champ.,  u,  gauUkeriaefolia^  Blart., 
D.  peruviana^  Hiem,  D.  Pocbpigiana^  A.  DC.,  Z>.  Wedddii^  Hiem«  Maba  Hilairei^ 
Hiern,  \f.  sandwicensis  A.  DC.,  and  M.  sniua,  Hiem. 

Oxalate  of  lime  occurs  chiefly  in  the  form  of  solitary  crystals,  rarely  (species 
ot  Diospyros^  Maba,  Royena,  Teiraclis)  in  the  form  of  clustered  crystals.  In 
very  many  species  of  Diospyros,  Maba,  and  Royena,  large  solitary  crystals  are 
found  in  correspondingly  large  cells  of  the  mesophyll  ('  cristaux  d'illumination  ' 
of  Parmentier)  and  occasionally  give  rise  to  transparent  dots  in  the  leaf  *. 
Numerous  crystalline  granules  sometimes  {Diospyros  discolor,  WiUd.)  accompany 
the  solitary  crystals  in  the  same  cell.  Intemal  secretory  receptacles  are  wanting 
in  this  Order. 

llie  hairy  coverinf  consists  of  clothing  and  glandular  hairs.  The  clothing 
hairs  are  (a)  ordinary  unicellular  trichomes,  by  the  juxtaposition  of  which  tufted 
hairs  (Rayena  kirsuta,  L.)  originate,  and  (6)  unicellular  malpighian  hairs  with 

^  It  retDJUttft  to  be  detcfmiiwd  whether  the  pcUadd  doU  mentioned  hj  Hiem  ;MottOfr,  of  Kbcn., 
1^75.  P-  13^)  in  liit  ittUfmmitmim  are  caned  hy  cryMml-ceUt  oC  this  kind. 
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one  long  and  one  very  short  aim  (in  Diospyros  argeniea^  Griff^  />.  cmuliflorM^ 
Bl.,  D.  discolor^  WiUd.,  &c.^).  Glandular  hairs  have  hitherto  rarelv  ben 
observed— by  Vesque  and  Parmentier  in  a  few  spedes  of  Diospyros  and  by  me 
in  Royena  pubescens^  Willd.  It  is  possiUe  that  they  are  only  reaaily  reoogniiabk 
on  the  young  leaves.  The  glandular  hairs  (Fig.  ii8,  C)  aresmall  and  dub-shaped. 
They  have  a  curved,  uniseriate  stalk,  competed  of  a  small  number  of  cells,  and 
a  head  which  is  unicellular  or  composed  of  a  few  cells  and  which  is  more  or  less 
distinctly  marked  of!  from  the  stalk ;  when  the  head  consists  of  a  few  ceUs 
it  is  cither  di\ided  by  horizontal  and  vertical  walls  or  by  vertical  walls  only. 

A  description  of  the  leaf -structure  of  the  monotypic  Braslian  genos  Brmekymemu 
(with  B.  ramiflarum,  Benth.,  Spruce,  Brasilia)  follows ;  Hiem  is  probably  rixht  in 
excluding  this  plant  from  the  Ebenaceae ;  in  Bentham  and  Hooker,  as  aw)  ia 
Durand's  Index,  it  is  appended  to  this  Order  as  a  doubtful  member.  The  leaf  of 
Bfochynema  has  bifacial  structure.  The  lateral  walls  of  the  epidermal  cells  are  iairfy 
straight.  The  stoniata  have  three  subsidiary  cells  and  occur  only  on  the  lower 
surface  of  the  leaf.  The  vascular  bundles  of  the  veins  are  surrounded  t»y  a  sclem- 
chymatous  ring.  It  is  cspcciallv  noteworthy  that  the  sderenchyma  of  the  \'eins  u 
accompanied  hy  numerous  cells  containing  relatively  small  solitary  crystals; 
the  crystals  are' inserted  in  sclerotic  thickenings  on  the  waUs  bordeimg  on  the 
sclercnchyma.     Glandular  hairs  are  absent. 

J.  Stricture  of  the  Axis.  The  structure  of  the  axis,  like  that  of  the  leaf, 
is  well  known,  >ince  all  the  genera  have  been  investigated  by  Molisch,  M^er, 
Solereder,  and  Parmentier. 

The  structure  of  the  wood  presents  the  following  important  features. 
The  medullary  rays  are  not  broad,  being  i-2-seriate,  or  at  the  naost  3- 
^e^iate.  According  to  Hohnel,  the  medullary  rays  in  the  wood  of  the 
stem  of  Diospyros  virginiana,  L.  exhibit  a  tier-Uke  structure.  The  vessels 
have  lumina  of  very  different  sizes  :  in  Diospyros  discolor^  Willd.,  the  diameter 
of  the  vessels  reaches  -12  mm.  The  |)erforations  of  the  vessels  are  simple 
throughout.  Their  walls  have  bordered  pitting,  even  where  they  are  in  contact 
with  parenchyma.  The  abundant  development  of  wood-parenchyma  is 
characteristic  ;  this  tissue  occurs  in  tangential  bands,  which  are  sometimes  only 
one  cell  in  breadth  ;  it  traverses  the  tissue  of  the  wood  and  also  occurs  in  the 
neighbourhood  of  the  vessels.  The  cells  of  the  wood-parenchyma  are  not 
uncommonly  septate  (e.  g.  in  EucUa  racemosa^  Thunb.,  Diospyros  cUoroxylon^ 
Roxb.  and  Maba  buxifolia^  Pers.),  and  contain  soUtary  crystals.  The  wood- 
]>rosench>7na  has  slit-like  pits  vnWi  a  distinct  though  small  border,  which  b 
often  smaller  than  the  slit. 

It  is  perhaps  well  to  mention  here,  that  the  heart- wood  of  certain  spedo 
of  Diospyros  and  Maba  (A/.  Ebenus^  Spreng.)  constitutes  what  is  called  eocmy, 
distinguished  by  its  black  colour.  This  colour  is  caused  by  black  or  brown  contents, 
whicli  fill  the  vessels  and  the  lumina  of  the  wood-prosenchyma.  The  recent 
m vest igat ions  of  Belohoubek  have  shown  that  part  of  the  blacK  contents  ol  ebony 
wood  arc  scjlublc  in  caustic  potash  and  arc  due  to  humic  acid,  while  the  part  that  b 
insoluble  in  alkalies  consists  essentially  of  carbon.  MoUsch  had  already  shown  at 
an  earlier  date  that  the  black  contents  arise  by  a  process  of  humification  nom  a  gun 
originally  present  in  the  ccll-lumcn. 

In  the  structure  of  the  cortex,  which  MoUer  and  Parmentier  have 
investigated,  we  may  notice  first  the  development  of  the  cork.  In  the 
genera  Maba,  Diospyros,  and  Tetradis,  the  cork  arises  inunediatdy  below 
the  epidermis,  but  in  Royena  and  Euclea  in  the  pericyde.  In  the  last 
two  genera,  the  cork-cambium  forms  a  sclerotic  pheUoderm  intemaDy. 
According  to  Parmentier,  the  pericycle  contains  a  .sclerenchymatous  ring  in  the 

'  Vesque'i  sUtcment  regarding  the  occurrmoe  of  simple  oniieriAte  bun  in  Du^f^^i  dittwht 
it  incorrect. 
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three  eenera  showing  superficial  development  of  cork  (Diospyros^  Maba^  and 
Tetfmdis) ;  on  the  basis  of  what  I  have  found  in  D.  Kaki^  L.f .»  it  is  probaUe 
tliat  this  ring  is  always  composite  and  continuous.  It  is  wanting  in  Royena 
and  Eucka^  in  which  sometimes,  at  any  rate  (as  in  R,  lucida^  L.),  isoUted  noups 
of  bast-fibres  are  developed  in  the  pericycle.  In  the  secondary  bast  MMIer 
expressly  mentions  the  absence  of  secondary  bast-fibres,  and  the  occiurrence  of 
spindle-shaped  stone-cells  in  the  case  of  Diospyros.  Parmentier  makes  no 
reference  to  the  occurrence  of  secondary  hard  bast  in  any  of  the  numerous  species 
investigated  by  him,  so  that  one  must  probably  assume  that  it  is  wanting  in 
all  the  noembers  of  this  Order. 

The  anomaknis  genus  Brachynema,  the  leaf-structure  of  which  has  already 
been  referred  to  above,  differs  essentiaUv  from  the  remaininjg^  genera  in  the  structure 
of  its  axis.  Thus  the  perforations  of  tne  \'es8els  are  exdosivdy  acalariform,  and  the 
vessel-wall  bears  large,  simple,  elliptical  pits  where  it  is  in  contact  with  parench3rnia  of 
the  medullary  rays.  Other  features  in  the  structure  of  the  wood  may  also  be  men* 
tiooed :  the  medullary  rays  may  be  as  much  as  four  cells  in  breadth ;  the  vessels  do 
not  have  wide  lumina,  and  tne  wood-prosenchyma  has  thick  walls,  rather  wide 
lumina,  and  bordered  pits.  The  pith  is  traversea  by  transverse  plates  of  stone-cc^ 
The  inner  part  of  the  primary  cortex  contains  a  broad  ring  of  stone-cells,  while  in 
the  outer  region  cells  with  wide  lumina  filled  with  blood-red  contents  occur  ;  thoe 
cells  are  arranged  in  vertical  rows.  The  pericycle  includes  isolated  bundles  of  bast- 
fibres.  I  In  the  neighbourhood  of  the  ring  of  stone-cells  and  of  the  bast-fibres  there 
are  crystal-cells  of  the  same  type  as  those  accompanying  the  sderenchyma  of  the 
veins.     Cork  was  not  present  on  the  branches  present  in  herbarium-material. 

Literatwc  :  MoUcr,  Holanat.,  Dcnkichr.  Wiener  Akad.  1S76,  pp.  6^  64  mnd  359.— M oUtch, 
Vervl.  Anat.  d.  Hobet  d.  E.  etc,  Sitz..Ber.  Wiener.  Akad.,  Bd.  Iiu,  Abt  i,  1879.  p.  65.— MoUer, 
KiadenanaL,  iSSa,  pp.  joo^  JOi.—Bdolumbek,  Ebenliolz,  Sitz.-Ber.  k.  bohm.  G^bch.  d.  WiM.  ia 
I'rmf  1S85,  p.  384  ct  ieq.~H6hnel,  Stockwcrkait.  HoUk.,  Sitx.-Bcr.  Wiener  Akad.,  Bd.  Ijuudx, 
AU.  I,  1SS4,  p.  4a«— Vcaqne,  Gamop^talei,  Ann.  ic  nat.,  t^*.  7,  t.  i,  18S5,  pp.  263-7  and  pi.  13. — 
.Solereder,  lloliatr.,  iSSc,  pp.  168,   i6Q.^RadIkoler,  Dnrcha.  V^  Sitz..Ber.  MQnch.  Akad.    1886, 

i».  313.—!.  E.  Weiia,  Korkbild.,  Denkachr.  Rcfenab.  bol.  Geiellach.  1890,  lepanUe  copy,  P- 57- — 
ittrke,  in  NatiirL  IHlaaMnbn.,  iw.  Teil,  Abt  1,  1890,  p.  15^— Pomrcneke,  Holx  einig.  wpnp,  Fam., 
Arb.  bot.  Cart.  Brealaa  1893,  pp.  49-51. — Parmentier,  Hift.  ooinp.  det  £.,  Parit,  1893,  155  pp. 
and  4  i>l. 

STYRACEAE. 

The  following  features  are  of  importance  for  the  anatomical  diagnosis  of 
this  Order.  The  wood  contains  vessels  with  perforations,  which  are  usuaUy 
exclwiively  scalariform,  though  nureW  (Dididanihera)  sim^e,  and  wood-fibre8» 
which  always  have  bordered  pits.  The  formation  of  cork  is  either  internal  and 
))encydic  (Sfyrax^  Pamphilia^  and  HaUsia)  or  superficial  (DicUianihera  and 
Symplocoi).  In  the  structure  of  the  leaf  it  is  noteworthy  that  the  stomata  are 
not,  as  a  rule,  accompanied  by  any  special  subsidiary  cells  ;  Symplocos  alone 
is  distinguished  by  the  possession  of  subsidiary  cells  which  are  placed  parallel 
to  the  pore.  Glandular  hairs  are  absent,  but  in  addition  to  simple  uniseriate 
tnchomes,  stellate  hairs,  which  in  some  cases  show  transitions  to  peltate  scales, 
are  widely  distributed.  Oxalate  of  lime  is  excreted  in  the  form  of  ordinary 
solitary  or  clustered  crystals. 

The  following  remarks  concerning  the  details  of  the  leaf-structore 
are  based  on  an  investigation  of  Symplocos  aienopkylla^  WalU  HaUsim 
ieirapiera,  L.,  Sfyrax  cmmparum^  Pohl,  Pam^hilia  styraciflua^  DC.,  and 
rhdidantkera  iMwifoUm^  Mart.  The  structure  of  the  leaf  is  bifacial  in  the  cases 
examined.  The  cells  of  the  epidermis  have  either  undulated  or  straight  lateral 
waJLs.  Gelatinixation  of  the  epidermis  has  not  been  observed  in  any  case.  In 
Symplocos  ^ienopkyUm  the  outer  wall  of  the  lower  epidermis  is  distinctly 
striated.    A  one-layered  hjfpoderm  is  developed  benemtn  the  upper  epidermis 
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in  DiclidatUhera  laurifolia.  The  stomata  are  found  only  on  the  lower  surface  oi 
the  leaf  in  all  the  investigated  species  and  are,  as  a  rule,  surrounded  in  an 
irregular  manner  by  a  variable  number  of  epidermal  ceUs;  in  Symphcas  alone, 
a  subsidiary  cell  is  placed  parallel  to  the  pore  on  each  side  of  the  pair  of  guard- 
cells.  The  latter  are  either  on  the  same  level  as  the  epidermis  or  project  atove  it, 
the  Latter  feature  being  associated  with  a  dense  hairy  clothing  on  the  lower  side 
of  the  leaf,  as  in  Styrax  camporum.  The  structure  of  the  smaUer  veins  varies, 
and  is  of  value  for  specific  diagnosis.  In  Styrax  camtorum^  even  the  smaller 
veins  are  provided  with  sclerenchyma,  and  are  vertically  transcurrent  above  by- 
means  of  cells  with  wide  lumina ;  the  latter  statement  alsoapfdies  to  th^  smaller 
veins  in  Pamphilia  styracifiua.  In  Symplocos  adenopkyUa^  on  the  other  hand,  the 
smaller  veins,  in  which  the  conducting  tissue  is  surrounded  bya  sclerenchymatous 
ring,  are  embedded  in  the  mesophyll.  Spicular  cells  do  not  occur  in  the  meso- 
phyU  (a  point  of  difference  from  the  Ebenaceae) ;  but  stone-cells  have  been 
observed  in  the  parenchyma  of  the  petiole  in  Symplocos  adenophylla.  Oxalate 
of  lime  is  excreted  in  the  form  of  clustered  or  solitary  crystals  along  the  course 
of  the  vascular  bundles.  Solitary  crystals  and  aggregates,  resembling  clustered 
crystals,  are  found  in  Styrax  camporum  and  Halesia  tekapterOy  clustered  crystals 
in  Symplocos  adenophylla  and  solitary  crystals  in  special  cells,  which  are  sclerosed 
on  the  side  bordering  on  the  sclerenchyma  of  the  veins,  in  Diclida$UMerJi 
laurifolia.  Large  crystal-sacs  do  not  occur  in  the  mesophyll  in  this  Order. 
which  therefore  differs  from  the  Ebenaceae  in  this  respect.  With  regard  to  the 
hairy  covering,  it  has  already  been  stated  above  that  glandular  hairsarewanting, 
whereas  simple,  uniseriate  hairs,  stellate  hairs  and  small  scales  occur.  The  simple 
hairs  have  a  sclerenchymatous  wall,  which  is  sometimes  finely  striated  super- 
ficially, and  a  lumen  which  is  septate  by  means  of  a  few  thin  division-mlb 
{Diclidanihera  laurifolia,  Symplocos  coccinea).  The  stellate  hairs  have  a  var>'- 
ing  number  of  rays,  and  have  been  observed  in  the  genera  Styrax^  Pamphilia^ 
and  Halesia ;  their  ray-cells,  as  a  rule,  have  thick  walls.  The  stellate 
hairs  sometimes  assume  the  form  of  small  scales,  in  consequence  of  tlie 
cells  of  the  ray  being  united  along  their  entire  length  or  nearly  so  {Siyrax  ^- 
brum,  Sw.,  5.  glabratum,  Spreng.,  and  5.  leprosum.  Hook,  et  Am.,  accordirig 
to  O.  Bachmann). 

The  petiole  of  Styrax  officinale^  which  was  examined  by  Petit,  contains  a 
ring  of  bundles  in  the  characteristic  region  (*  caract^stiquc  '). 

I  have  also  examined  the  structure  of  the  axis  in  detail  in  the  abo\-e- 
mentioned  five  species  of  the  genera  Symplocos,  Halesia,  Styrax,  PamjMHm^  and 
Diclidanihera.  The  pith  presents  special  features  in  Diclidanihera  Imurifolui, 
and  in  the  genus  Halesia.  In  the  nrst-named  species  it  contains  stone-cells : 
in  Halesia  ieiraptera,  L.,  and  H.  dipiera,  L.,  septation  of  the  pith  (without 
sclerosis)  occurs,  this  feature  being  visible  even  to  the  naked  eye.  The  chief 
characters  in  the  structure  of  the  wood  may  be  described  as  follows.  The  shape 
and  size  of  the  lumen  of  the  vessels  (max.  diam.a-036— 07  nun.),  the  arrange- 
ment of  the  vessels  in  a  transverse  section  of  a  branch  and  the  breadth  of  the 
medullary  rays  (i-4-seriate)  differ  in  the  individual  genera.  The  perforations  of 
the  vessels  are  scalariform  in  Pamphilia,  Siyrax,  Halesia,  and  Symplocos; 
in  Styrax  camporum  and  Pamphilia  styracifiua  they  may  have  as  many  as  X2 
bars,  in  Halesia  ieiraptera  as  many  as  20,  and  in  Symplocos  adenopkyUk  a  still 
larger  number.  UnUkc  the  other  genera,  Diclidanihera  has  simple  perforations 
only.  The  vessel-wall,  where  it  is  in  contact  with  tissue  of  the  meaullary  rays 
is  usually  covered  with  bordered  pits,  but  in  Diclidanihera  Uurifolia  simple  pits 
accom|)any  the  bordered  pits  in  these  positions,  the  former  beuig  of  the  same 
size  as  the  borders  of  the  latter,  while  m  Symplocos  adtnophylU  there  are  large 
simple  pits  and  pits  arranged  in  a  scalariform  manner.  The  wood*paiendiynu 
is  developed  to  a  varying  extent ;    in  Siyrax  camporum  it  contains  solitary 
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crystals.  The  wood-prosenchyma  has  rather  thick  walls  without  having  narrow 
lumina,  and  always  possesses  pits  with  distinct  borders,  although  sometimes 
(Styrax,  Pamphilia)  the  border  is  smaller  than  the  sUt. 

The  following  facts  may  be  mentioned  regarding  the  structure  of  the  cortex. 
The  development  of  cork  either  takes  place  superncially,  viz.  in  the  epidermis 
(0]V/i(/an/A^a,with  cork  composed  of  stone-cells)  or  subepidermally  (Symplocos), 
whilst  in  other  cases  the  cork  arises  in  the  pericycle  internal  to  the  primary  hard 
l>a.st  {Styrax,  Pamphilia^  Halesia^  the  latter  with  abundant  formation  of  phello- 
derm).  The  pericycle  contains  isolated  groups  of  bast-fibres  inStyrax^  Pamfkilia^ 
and  HaUsia,  while  in  Symplocos  adenophyUa  the  primary  groups  of  hard  bast, 
even  in  branches  such  as  are  met  with  in  herbarium-material,  are  found  to  be 
united  to  one  another  by  means  of  branched  stone-cells;  in  Diclidantheralauri  folia 
a  c()mjx)site  and  continuous  sclerenchymatous  ring  is  developed.  The  primary 
cortex  contains  numerous  stone-cells  in  Diclidantkera  lautifolia  and  Symplocos 
adenophylla.  Sclerenchymatous  elements  are  also  present  in  the  secondary  bast ; 
thus  tibre-Uke  sclerenchymatous  cells  of  the  nature  of  rod-cells,  and  having 
abundant  pits  occur  in  Styrax  camporum  and  Diclidantkera  laurifolia^  true  bast- 
fibres  in  Symplocos  adenophylla^  groups  of  cells  resembling  sclerenchymatous 
fibres  in  Pamphilia  styraciflua^  and  also,  according  to  Tschirch,  in  the  older 
branches  of  Styrax  Benzoin  ;  these  latter  elements  resemble  the  well-known 
CinchoPia-ceWs  and  in  transverse  section  show  an  angular  outUne  and  an  excep- 
tionally thick  concentrically  stratified  wall. 

Note. — Since  in  the  preceding  description  no  mention  has  been  made  of  any 
special  secretory  organs  as  occumn^  in  this  Order,  the  question  arises  as  to  what 
kind  of  receptacles  contain  the  t>cnzoic  resin  derived  from  Styrax  Benioin,  Wiesner 
and  Tschirch  have  cleared  up  this  matter.  The  greater  part  of  the  t>enzoic  resin  is 
formed  in  lysigenous  intercellular  secretory  receptacles ;  these  may  be  obscrv^cd  in 
the  bast  in  rather  thick  branches,  their  development  commencing  in  the  medullary 
rays.  Analogous  lysigenous  resin-spaces  also  appear  in  the  wood.  According  to 
more  recent  statements  made  by  Tschirch,  this  formation  of  resin  appears  not 
to  take  place  in  healthy  trees,  but  to  be  a  pathological  phenomenon. 

Literature  :  Wicsoer,  Mikro&k.  Untemich.,  1871,  p.  90. — MoUer,  Kindcnanat,  i88a,  pp.  aoi,  aoa. 
-Vcsouc,  Gunop^talet,  Ann.  »c.  nrnt,  tir.  7,  u  i,  i»85,  pp.  367,  a68. — Solereder,  Holzstr.,  1885, 
pp.  169,  1*0. — 6.  BachmAon,  Schildh.,  Flora  1886,  separate  copy,  p.  ao. — Petit,  Petiole,  Act. 
Soc.  Linn,  de  Bonieaox,  t.  xliu,  1889,  p.  3a— Tschirch,  Sekietbeh.,  Ber.  deutich.  hot.  Gesellsch. 
1H8S,  p.  9  ct  teq. ;  see  alio  Ang.  Anat,  1889,  p.  a  16,  and  Silz.-Ber.  natnrC  Fretinde  Berlin,  No.  9, 
i88v,  pp.  173-5.— Oiirke,  in  Natiirl.  Pflancenftun.,  iv.  TeU,  Abt  t,  i89t^p.  166  and  i73.~Loeflener, 
Mat^pH.,  Her.  destsch.  pharm.  Gesellsch.  1896,  separate  copy,  p.  31.  [Barth^lemy,  Styrax tficinmU , 
Montpcliicr.  1895,  51  pp.] 

OLEACEAE. 

The  Oleaceae  are  excellently  characteriied  by  certain  anatomical  features, 
which,  when  taken  together  with  the  opposite  exstipulate  leaves,  make  it  possiUe 
and  even  easy  to  recognize  a  member  of  this  Order  in  the  sterile  condition. 
ThiL^  all  the  Oleaceae  possess  peltate  hairs  of  varying  size,  in  which  the  stalk  is 
unicellular,  and  the  shield  is  segmented  solely  by  means  of  vertical  walls  into 
a  variable  number  of  cells,  showing  different  types  of  orientation  (Fig.  119,  C-E). 
An  additional  character  is  the  excretion  of  oxalate  of  lime  in  the  form  of  smaU, 
acuiilar  or  prismatic  crystals  (Fig.  119,  A-B),  The  stomata  usually  have  no 
sptx  ial  subsidiary  cells.  The  foUowing  characters  should  be  specially  pointed 
out :  the  absence  of  bicollateral  structure  in  the  vascular  bundles,  distinguishing 
this  Order  from  the  allied  Orders  Loganiaceae,  Gentianeae,  Apocynaceae  and 
A<(  lepiadeae,  and,  furthermore,  the  al»ence  of  latidferous  tubes,  distinguishing 
It  from  the  last  two  of  these  Orders.  In  the  structure  of  the  axis  the  superficial 
formation  of  cork  and  the  prevalent  occurrence  of  simple  perforations  in  the 
N-essels  are  of  value  for  anatomical  diagnosb  ;  the  pitting  of  the  wood-prosen- 
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chjnna  varies.    Finally  the  occurrence  of  sderenchymatoos  fibres  or  of  spcnlar 
cells  in  the  mesophyll  is  very  common. 

The  structure  of  the  leaf  has  been  investigated,  especially  by  Vesque  and 
Pirotta,  and  is  bifadal  in  the  species  examined,  llie  epidermal  cells  exhibit 
a  number  of  variations,  which  are  of  value  for  specific  oiagnosis.  They  have 
either  straight  or  undulated  lateral  walls  and  are  of  various  dimensions. 
In  certain  species  the  outer  walls  of  the  epidermal  cells  are  distinguished  h^ 
considerable  thickness;  the  cuticle  not  uncommonly  shows  undulated  striatioo. 
Gelatinization  of  the  epidermis  of  the  leaf  has  not  been  observed  in  any  case. 
Hypoderm  is  not  very  commonly  found ;  Vesque  mentions  it  as  occurrinf 
below  the  upper  epidermis  of  the  leaf  of  Noronhia  emarginaia^  Thouars  and 
Jasminum  azoricum^  and  it  also  occurs  in  the  genus  Linociera  (1-2  layered  in 
L.  compactaj  R.  Br.  and  L.  elegansj  Eichl.).  UsuaUy  the  stomata  are  only  found 
on  the  lower  surface  of  the  leaf ;  but  in  Ligustrum  vulgare  (according  to  Pirotta) 
and  in  Menodora  inUgrifolia,  Steud.  (according  to  my  own  observation)  they 
also  occur  rather  abundantly  on  the  upper  side  and  they  are  likewise  found  in 
small  numbers  on  this  surface  in  Syringa  vulgaris  and  5.  Varinii  (according  to 
Mer).  Special  subsidiary  cells  are  very  rare.  Sometimes  {Myxopyrum  smtUci- 
folium,  Bl.)  the  three  or  four  neighbouring  cells  present  are  slightly  different 
from  the  rest  of  the  epidermal  cells,  while  the  Rubiaceous  type  has  been  demon- 
strated in  the  Hnear  leaves  of  Ligustrum  Massalongianum  (Vesque).  But  in 
most  cases  the  pair  of  guard-cells  is  surrounded  by  a  varying  number  of  ordinaiy 
epidermal  cells.  It  is  also  worthy  of  remark  that  sometimes,  e.g.  in  Forestiir* 
porulosa,  large  and  small  stomata  occur  side  by  side.  Regarding  the  structure 
of  the  veins,  vesque  and  Krotta  must  be  referred  to,  since  a  uniform  type  is  not 
present  and  the  variations  which  occur  are  only  of  value  for  specific  diagnosis. 
The  occurrence  of  sclerench3miatous  fibres  and  spicular  cells  m  the  mesophyU 
is  widely  distributed  in  the  genera  Linociera,  LigusMim^  Noronhia^  NoUUi^, 
and  OUa,  but  this  feature  also  is  only  of  importance  for  specific  diagnosis. 

The  sclerenchyrmatous  elements  of  the  mesophyll  are  present  in  almost  all  spedes 
of  the  genus  Linociera  (exception :  L.  picrophloia  IF.  v.  M.]),  and  show  very  \-aried 
types  of  dififerentiation.  In  L,  intermedia,  Wight,  they  are  only  found  here  and  there 
in  the  smaller  veins  as  sclerosed  cells  of  the  palisade-tissue  ;  in  many  species  tbey 
are  developed  as  sderenchymatous  fibres  traversing  the  mesophyll  more  or  les 
irregularly  (e.g.  L,  verrucosa,  Solered.),  while  in  other  species  (e.g.  L.  arborsei,  EichL) 
the  sclerenchymatous  fibres  run  in  the  same  direction  as  the  palisade-cells.  From 
these  it  is  no  great  step  to  the  columnar,  sclerenchjrmatous  ceUs  of  L,  catnpactM, 
H.  Br.,  &€.,  which  are  elongated  in  the  same  direction  as  the  cells  of  the  palisade-tissoe 
and  frequently  connect  the  upper  and  lower  epidermis  or  terminate  in  a  root-like 
manner  in  the  mesophyll ;  these  elements  also  show  transitions  to  the  abundantly 
branched  spicular  cc^s  of  L.  insignis,  Clarke,  &c.  Certain  very  peculiar  elements 
are  found  in  L.  glomerata,  Pohl,  viz.  sac-like  cells  with  wide  lumina  and  rather 
thick,  wrinkled,  and  transversely  folded  waUs ;  they  extend  from  one  epidermis  of  the 
leaf  to  the  other,  and  are  sometimes  forked.  For  details  regarding  LdnocUrm,  see 
Solercdcr,  1891.  Sclerenchymatous  fibres  traversing  the  l<»u  irrqgulariy  are  abo 
present  in  varying  abundance  in  certain  species  of  Olea  (O.  amsftcana^  O.  mmgusti- 
folia,  O,  chrysophylla,  O,  europaea,  O.  undulata),  according  to  Pirotta  and  Vesque. 
in  Visiania  paniculata  {'^Ligustrum  glomeratum,  BL),  according  to  Pirotta,  and 
in  Noronhia  emarnnata,  Thouars,  according  to  my  own  observation ;  aderendiy- 
matous  cells  of  the  type  found  in  Linociera  compacla  occur  in  Piiscama  axcdse 
(^Notelaea  excelsa,  Webb,  et  Bert.),  Osmanthus  fragrans,  and  O.  iiicifchms 
(= probably  O.  A  qui  folium,  S.  et  Z.),  according  to  Pirotta,  and  in  NoisUm 
Ion gi folia.  Vent.,  according  to  my  own  observation ;  lastly,  stone-ceDs  are  fooad 
in  the  tissue  of  the  petiole  of  Fraxinus  juglandifolia  and  CkiamenUhus  frmgrma, 
according  to  Pirotta. 

Oxalate  of  lime  is  only  excreted  in  the  form  of  small  aciciilar  crystals 
or  prisms.  These  often  occur  in  large  numbers,  filling  each  odl  <rf  the 
epidermis  (e.g.    Forestiera  poruhsa,  Poir.,   Fig.   119^   A)  or  mesophyB   of 
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the  leaf  {Olca  europaea^  L.,  Fig.  119,  S,  Naronkia  emargifuUa,  Thouars),  and 
also  constitute  the  only  form  of  excretion  in  the  tissues  of  the  axis.  Nuclear 
crystalloids  are  widely  distributed  (Jasminum^  Forsyikia^  Syringa^  Fraxinus, 
Ligustrum)  in  the  cells  of  the  leaf-tissue,  according  to  Zimmermann. 

The  characteristic  form  of  hair  in  this  Order  is  that  of  peltate  tridiomes  of 
variable  size,  having  a  unicellular  stalk  and  a  shield  which  is  divided  by 
vertical  walls  only.  These  peltate  hairs  are  usually  glandular  ^  and  in  OUa 
alone  have  a  clothing  function  ;  they  have  been  shown  to  be  present  •  in 
all  the  genera.    The  peltate  hairs  of  the  species  of  OUa  are  especially  distin- 


Fir..  I  ii^  A,  EpitWinU  of  thr  lower  side  o^  the  IcaI  of  FartMUrm  foruUm^  Poir.  riwwteg  •  dcpmted  glaad 
antl  the  nomeroos  Mnall  raphidrt  in  lh«  celk.  ■,  Traosrerae  stcttoa  ol  the  IcM  of  Olm  tnvpmm^  L.  wicll 
«K-l(>rrf>rhymatoat  fibre*  and  a  pelute  hair,  and  ahowiiiff  extrraM  abandanoe  of  MBall  rapkhlra.  c,  Pekale  hair  of 
Ohm  emrtffe^  L.  in  earface  view,  u,  Glandalar  hair  Jtjmsmmmm  •^dmmU^  L.  B,  Gkmlalar  hair  of  iL/iwefrra 
miyrmmfha.  Mart— Original. 


giiished  from  the  '  ];)eltate  glands '  occurring  in  the  remaining  genera,  by  the 
^iz(>  ol  their  shield,  which  attains  a  diameter  of  -17  nun.  The  stalk  is  unicellular, 
as  in  the  peltate  glands  ;  the  shield  consists  of  10-30  cells,  which  radiate  from 
its  centre  but  become  free  from  the  adjoining  cells  at  the  manpn  of  the  shield, 
.so  that  the  latter  acquires  a  jagged  appearance  (Fig.  119,  B-C).  In  younc 
stages  the  peltate  hairs  have  the  same  appearance  as  the  peltate  glands  which 
will   now  ne  described.     The  peltate   glands   are  essentially   distinguished 


'  The  glands  un  the  bad-icales  of  Syrinffa  and  Fonythia  have  the  same  ttrvctiire  as  the  peltate 
^']an<)s,  oDly  their  italk  it  longer  and  nniieriate  (Hanstein). 

*  Peltate  hatn  hare  been  obterfed  br  Prillieai  in  species  oi Jasmitmm,  Fvrtftkim^  JMngm^ 
FfcxiMus,  F0H£a9usia^  PkiHyrnu,  Oswumikus^  Ckisnamtkut,  OUm  and  LiguUrum^  by  me  la  Mm§d§fm 
tnUip^/oUa,  Steud.,  Nyctanthts  mrhtr  tristiSy  L.,  Sfkrghera  swuitnmdej,  Rozb.,  fltrtsHgrm p^nU^sm^ 
Toir.,  many  s})edes  of  Umccitrm^  Kltltm  Imgi/^lia^  Vent.,  Ntrtmhm  emargimmtm^  Tbooan  and 
Myxcfyntm  smiiacifoHmmy  B1. 
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from  the  hairs  of  the  species  of  Olea  only  by  their  smaller  shield^  the  diameter 
of  which  usually  Ues  between  -045  and  -oIS  mm.,  and  rarely  attains  -oS  mm. 
Owing  to  their  small  diameter,  the  peltate  glands  appear  more  like  capitate  hairs 
in  a  transverse  section  of  the  leaf  and  can  rarely  be  seen  by  the  naked  eye 
or  with  a  lens ;  the  latter  is  possible,  for  instance,  when  they  give  rise  to  depressed 
{Noronhia  emarginaia)  or  even  transparent  (Foresiiera  farulosa)  dots  owing  to 
their  being  sunk  in  the  surf  ace  of  the  1^.  The  margin  of  the  shield  in  these  peltate 
glands  is  either  circular  or  sUghtly  lobed  in  consequence  of  the  projection  of 
the  component  cells,  which  invariably  show  a  radiate  arrangement.  The  nnrntxr 
and  mode  of  arrangement  of  the  cells  of  the  shield  vary ;  sometimes  they  art 
not  even  constant  in  the  same  superficial  section,  but  these  features  are  ne\"er- 
theless  of  value  for  systematic  purposes  within  certain  Umits.  The  number  of 
cells  forming  the  shield  lies  between  4  and  24.  They  either  radiate  from  one  point 
or  from  a  median  line,  or  only  a  certain  number  of  the  ray-cells  reach  the  centre  of 
the  shield,  so  that  the  radial  walls  of  the  shield  appear  bifurcated  in  surf  ace- view. 

In  Jasminum  officinale,  L.  (Fi^.  119,  D),  Myxosporum  smiiacifolium^  MenodofM 
integrifolia,  and  Nyctanthes  arbor  trisiis  the  shield  consists  of  4  ceUs,  which  together 
form  an  orthogonal  cross  ;  in  Jasminum  heierophyiium,  Roxb.,  it  consists  of  4-^  in 
/.  Sambac,  Ait.,  and  other  s]:>ecies  of  Jasminum,  Ligustrum  vulgare,  L.,  L.  n^pitUuu, 
Wall.,  and  Syringa  vulgaris,  L.  of  8,  in  Syringa  persica,  L.  of  16  cells.  In  the  other 
genera  the  shield  consists,  as  far  as  is  knoi^-n,  of  1 2-24  ceUs. 

The  peltate  hairs  sometimes  form  nests  in  little  pits  on  the  lower  surface  of 
the  leaf,  and  in  that  case  give  rise  to  nectaries,  which  are  visible  even  to  the 
naked  eye ;  they  have  been  investigated  by  Morini  in  species  of  Lipisirum  and 
Syringa^  and  also  occur  in  species  of  Forestiera^  Olea^  and  PkiUyrtA, 
according  to  Delpino. 

Accompanying  the  peltate  hairs,  simple  unicellular  or  uniseriate  trichomes 
are  present  in  many  cases.  Of  these  only  the  unicellular  hairs  of  NycUmikes 
arbor  tristis  need  be  mentioned  ;  these  hairs  and  their  neighbouring  cells  are 
strongly  silicified,  and  give  rise  to  the  white  dots  which  occur  on  the  of^xr 
surface  of  the  leaf  and  are  \nsible  to  the  naked  eye.  In  the  neighboonng 
cells  protuberances  of  the  cell-wall  resembUng  cystohths  are  to  be  found ; 
these  are  usually  distinctly  stratified  and  are  similar  in  position  and  shape  to 
the  analogous  structures  in  the  small  false  scales  of  the  Boragineae,  which, 
however,  are  encrusted  with  lime. 

The  structure  of  the  petiole  has  been  examined  in  species  of  FarsytkiA, 
Fraxinus,  Jasminum,  Ligustrum,  Olea,  Phillyrea,  and  Syringa.  In  Fraxinus 
excelsior  the  principal  system  of  fibro-vascular  tissue  consists  of  a  ring  of  vascular 
bundles  in  the  characteristic  region  (*  caractdristique  ') ;  in  all  other  cases  it 
consists  of  an  arc-shaped  vascular  bundle,  bmaller  accessory  vascnlar 
bundles  also  occur. 

The  structure  of  the  wood  is  well  known  ^  The  medullary  raj^  arc  1-4- 
seriate.  The  arrangement  of  the  vessels  and  the  size  of  their  lumina  (diam. 
=  15  mm.  in  Fraxinus  excelsior,  -036  mm.  in  Olea  europaea)  vary.  The  per- 
forations of  the  vessels  are  usually  simple  ;  I  have  obser\'ed  scalariform 
perforations  with  one  or  more  bars  in  Forsythia,  Syringa,  and  FonUmesU. 
In  the  species  investigated  by  me,  the  walls  of  the  vessels  bear  bordered 
nits  where  they  are  in  contact  with  parenchyma  of  the  medullary  rays. 
Spiral  thickening  of  the  wall  has  been  obser\'ed,  especially  in  vesseb  with 

*  Kohl  has  invest i^tctl  37  si)ecie!»  of  the  geneni  Jasmiumm,  Forsythia,  Sjrrimgm^  F^'mxmm, 
Foftianesia,  Phillyrea,  Osmanthus,  Chionanthus'Linociera,  Xotelaea,  Olea,  Ligusirmm  wnA  Mfyxafm- 
rum ;  I  have  inTestif^ted  Jasminum  ojJUinaJe^  L.  and  /.  teiraphis,  Wight  et  Gtrdn.,  HfyOmmeiet 
arbor  irisiis,  L.,  Forsythia  suspensa,  Vahl,  Syringa  vulgaris,  L.,  Fraxinus  gxeeisior,  V^.,  Amtmmttia 
Fortunoi,  Zocc.,  Linociera  micrantha.  Mart.,  Olea  europaea,  L.  See  also  Moller  aiiil 
I0C.  cit. 
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relatively  narrow  lumina,  in  species  oijasminum,  Forsytkia^  Syringa^  Fontanesia^ 
PkiUyrca^  OsmatUhus^  and  Ligustrum.  The  wood-parenchyma  is  only  developed 
in  small  amount.  The  wood-prosenchyma  bears  ty^Hcally  bordered  pits  in 
Jasminum,  Forsytkia^Fonianesia  and  Nyciantkcs ;  in  the  remainder  of  the  genera 
investigated,  it  must,  generally  speakmg,  be  described  as  haWng  simple  pits. 
It  may  be  added  that  in  Fraxinus  the  slit-like  pits  of  the  prosenchyma  are,  in 
some  cases,  distinctly  bordered  and  that  in  many  senera  which  have  wood-prosen- 
ch>Tna  with  simple  pits,  tracheides  occur  side  by  side  with  the  latter  (in  con- 
siderable numbers  in  Syringa).  In  species  of  Jasminum,  Forsythia^  Syringa,  and 
Fonlapusia^  the  wood-prosenchyma,  which  in  these  cases  bears  bordered  pits,  is 
sometimes  provided  with  a  spiral  band,  while  the  prosenchyma  bearing  simile 
pits  in  species  of  OUa  and  Notelaca  is  septate  by  means  of  fine  division- walls. 

The  following  statements  on  the  structure  of  the  cortex  are  based  espe- 
cially on  Moller*s  investigations,  which  refer  to  species  of  Jasminum^  Syringa^ 
Fraxinus,  Phillyfca^  OUa^  and  Ligustrum,  The  epidermis  contains  sclero^ 
cells  in  all  the  sjiecies  of  Fraxinus  investigated  by  J.  E.  Weiss.  The  cork 
ari'^es  sulx^pidermally  in  Syrin^a^  Fraxinus^  PhiUyrea^  Ckionanthus^  Olea^  Ligu- 
strum, and  in  ForsytMia  susptnsa^  Vahl,  whilst  it  develops  in  the  epidermis  in 
F.  inndi^sima,  and  internally  to  the  3-4  layers  of  massive  collenchyma  belonging 
to  tlu'  primary  cortex  in  Fontarusia  Foriunei^  Carr.  (Mdller,  Vesque,  Domiot, 
J .  E.  Weiss).  The  cells  of  the  cork  are  generally  distinguished  by  their  large  size 
and  by^light  flattening  ;  they  have  walls  of  varying  thickness  and  are  conunonly 
ehmgated  in  the  radial  direction.  The  primary  cortex  is  generally  collen- 
( hx-matous  in  its  outer  |X)rtion.  In  OUa  europaea,  &c.,  it  contains  stone- 
cells  ;  in  Jasminum  fruticans  strands  of  sclerenchymatous  fibres  are  developed 
in  the  angles  of  the  stem,  whilst  the  intermediate  portions  are  occupied  by 
a^^imilatory  tissue  (Pick).  The  wricycle  contains  a  composite  and  continuous 
s<  lerenchNTnatous  ring  in  0/m,  PhiUyrea^  and  Linociera  ;  m  Jasminum^  Syringa, 
Fraxinus,  and  Ligustrum,  isolated  groups  of  bast-fibres  are  found,  and  between 
thim  a  tew  stone-cells  sometimes  occur.  In  the  secondary  bast,  true  bast-fibres 
may  l>e  present  (Fraxinus,  Syringa)  or  absent  {Jasminum,  Pkillyrea,  Olea, 
Ltf^ustrum).  The  groups  of  seconcSiry  bast-fibres  in  Fraxinus  and  syringa  are 
often  accompanied  by  stone-cells  and  occasionally  give  rise  to  a  stratification 
of  the  l>ast.  In  PhtUyrea,  OUa,  and  Ligustrum  rod-cell-sclerenchyma  occurs 
in  place  of  the  bast-fibres,  all  transitions  to  ordinary  stone-cells  being  found; 
in  Jasminum  grou|Ts  of  stone-cells  only  are  present. 

The  pith,  according  to  Gris,  is  honoogeneous  in  Oka  and  PkiUyreOy  hetero- 
geneous in  Chionantkus,  Fontanesia,  Forsytkia,  Fraxinus  ind.  Omus,  Ligustrum, 
anti  Syringa.  Of  the  last  series  of  genera,  in  all  except  Fraxinus  (exd. 
(>r«ir\)  the  central  portion  of  the  pith  is  entirely  composed  of  empty  cells 
with  rather  thin  walls  and  wide  lumina,  while  the  peripheral  portion  consists  of 
active  cells  with  thick  walls;  in  Farsyikia,  however,  the  pth  subsequently 
Ucomes  hollow,  owing  to  the  resorption  of  the  central  portion.  In  Fraxinus 
cxi^Jstor  and  F.  nigra,  the  central  portion  of  the  pith  also  contains  active  cells, 
this  being  a  point  of  difference  from  F,  Ornus.  Septation  of  the  pith  without 
sclerosis  has  been  observed  in  Jasminum  officinale,  L.,  and  /.  t€trapkis,  Wight  et 
(iardn. 

Tlie  axis  shows  no  anomalous  structure,  even  in  the  cbmbing  spedes  of 
Jasminum. 

lutermtnre :  PrilUcu,  PoiU  dcs  O.  etc,  Aaa.  tc  oat,  s^.  4,  t.  v,  1R56,  pp.  5-14  uid  pL  a,  3. 
—  (hAlon.  Tiget  lign.  dicotyle<L,  Ifte.  t,  1867,  pp.  5i-3.~Hanfteui,  lUn-  n.  Scfaldmfths.,  BoC 
Zrit.  186H.  p.  7,^3  ct  Ko.  mad  TaK  xU.— Oris,  MoeUe,  Nosr.  Arch.  Mas.  dliisL  ut.,  L  yn,  i8m 
rji.  ifi  7  ukI  pi.  ziT.--Paiq«ale,  Sittdi  boL  cd  agr.  tall'  UIito  etc^  1873,  10  pp.  and  TaK— Ifdller, 
ii(»lraA«t.,  IVokschr.  Wicocr  Akad.  1896,  pp.50-aaiid  3^  et  teq.— AmctKNig,  Bladcto  anaL, 
Mioncukrift,  Land,  1878,  p.  40  ct  teq^^Kohl,  HoU  der  O.,  Diit.,  Leipii|(,  i88t.~Pkk,  A«.  Gev. 
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armlaub.  Pfl.,  Dist.,  Bonn,  1881,  p.  6. — Moller,  Rindenanat.,  1882, pp.  153-60. — Pirotta*  AnaL  coop, 
della  foglia :  L  Oleacee,  Ann.  dell'  1st.  bot  di  Roma,  vol.  ii,  1885,  27  pp.  and  i  tab. — Vcfjae, 
Gamop^tales,  Ann.  sc.  nat»  s^r.  7,  t.  i,  1885,  pp.  268-78  and  pi.  13. — Solereder,  Ilolatr.,  1SI5. 
pp.  170,  171. — O.  fiacbmann,  Sdiildh.,  Flora  1886,  separate  copy,  pp.  ai»  ti. — ^Mormi,  Nett. 
estrannz.,  Mem.  Accad.  Bologna  1886,  p.  358  and  tav.  iv. — Kadlkowr,  I>iirchs.  P.,  Sitz.-Ba. 
Munch.  Akad.  1886,  p.  323.— Petit,  Petiole,  ifinL  Soc.  d.  sc.  phyt.  etiiat.de  Bofdeaiiz,  i^r.  3. 
t.  iii,  1887,  pp.  365-7  and  pi.  vi. — Donliot,  Pcriderme,  Ann.  sc.  nat.,  s^.  7,  L  x,  1889,  p.  380.— 
Ross,  Tessnto  assim.  e  periderma,  Nuoy.  Giom.  bot  ItaL,  vol.  xzi,  1889,  p.  J31. — f  jiiiin v. 
Feailles  persist,  Act  Soc.  Linn.  Bordeaux,  s^r.  5,  t.  It,  1890,  p.  97  and  pi.  yL — ^J.  £.  Weisi^ 
Korkbild.,  Denkschr.  Regensb.  bot.  Gesellsch.  1890,  separate  copy,  pp.  56,  57. — Solcreder,  in  Bot 
Centralbl.  1891,  i,  p.  308  et  seq. — Zimmermann,  Pfianzenzelle,  2.  Helt,  1891,  p.  laS. — Pomrencke, 


in  Arb.  bot.  Gart  Bretlaa  1892,  pp.  51,  52. — Knoblauch,  in  NatiirL  Pflanzenfain.,  it.  Teil,  Abt  2, 
1892,  p.  2.~H.  Schenck,  Anat.  d.  Lianen,  1893,  p.  197. — Knhla,  Phellodenn,  Bot.  Centnlbl 
1897,  iii,  p.  226.    [Denniston,  Struct,  of  twigs  of  Fraxintts  americanay  Pharm.  Arch.  1898,  n.  i.] 


SALVADORACEAE. 

This  small  Order  is  most  nearly  related  to  the  Oleaceae.  Its  members 
have  opposite  leaves  and  commonly  more  or  less  distinct  stipular  structures ; 
the  Order  also  possesses  some  characteristic  anatomical  features.  Among  these 
the  most  important  are  those  furnished  b]^  the  axis,  viz. :  simple  perforatiocs 
in  the  vessels  ;  wood-prosenchyma  with  simple  pits ;  superficial  development 
of  cork ;  and  a  characteristic,  more  or  less  closed  strenethening-ring  in  the  peri- 
cycle  composed  of  isolated  groups  of  bast-fibres  and  parenchymatous  celK 
which  are  thickened  in  the  form  of  a  U.  The  hairy  covering  is  extremely  scanty. 
The  tendency  to  the  formation  of  small  peltate  hairs  (Fig.  I20»  C-D)  in  Doberi 
and  Platymitium  is  very  noteworthy,  since  such  hairs  are  very  widely  distributed 
in  the  allied  Order  Oleaceae.  Both  clustered  and  solitary  crystals  occur,  but  do 
not  consist  of  oxalate  of  Ume  (Fig.  no,  A-B).  Internal  secretory  receptacles 
are  wanting.  Finally,  the  occurrence  of  interxylary  soft  bast  in  Salvador^, 
Dobera,  and  Platymitium  requires  special  mention. 

In  the  anatomy  of  the  leaf,  the  following  points  may  be  cited  in  accordance 
with  my  own  investigation  of  Dobera  Roxburghii^  Planch.,  PlatymiUum  hrafUki- 
folium,  Warb.,  Salvadora  persica,  L.,  and  Azima  tdracaniha.  Lam.  The  epi- 
dermal  cells  invariably  have  a  tetragonal  or  polygonal  outline  in  surface-view. 
They  are  remarkably  small  in  Dobera  Roxburgmi  and  Platymitium  lorantki- 
folium^  whilst  on  the  upper  side  of  the  leaf  of  Azima  tetracantka  they  exceed  the 
usual  average  size.  In  Salvadora  persica  the  epidermis  on  both  sides  of  the  leaf 
consists  locally  of  two  layers  ;  in  Azima  tetracantka  a  hypoderm  with  a  single 
layer  of  large  cells  is  developed  on  the  upper  side.  Gdatinization  of  the  epi- 
dermis of  the  leaf  does  not  occiu:.  The  stomata  are  f oimd  in  equal  abundance  on 
both  sides  of  the  thick  and  centrically  constructed  leaves  of  Salvadora  persica^ 
Dobera  Roxburghii  and  Platymitium  loranthifolium^  but  only  on  the  lower  side  of 
the  bifacial  leaf  of  Azima  tetracantka.  Special  subsidiary  cells,  in  this  case  pdaced 
parallel  to  the  pore,  really  only  occur  m  Salvadora.  In  the  remaining  genera 
the  pair  of  guard-cells  is  usually  surroimded  by  several  neighbouring  cells, 
which  in  Dobera  Roxburghii  alone  are  distinguished  by  the  thinness  of  their 
walls  from  the  rest  of  the  epidermal  cells,  and  it  is  a  mere  accident  if  sub- 
sidiary cells  placed  parallel  to  the  pore  occur  here  and  there.  The  mesophyfl* 
as  already  stated,  is  either  centric  or  bifacial  in  structure.  The  centric  ka^xs 
of  Salvadora  persica  and  Dobera  Roxburghii  have  palisade-tissue  (with  veiy 
narrow  cells  in  Dobera)  on  both  sides  beneath  the  epidermis,  while  the  middk 
region  is  occupied  by  a  dense  tissue  resembling  a  pith,  and  having  wide  lamina 
with  little  or  no  chlorophyll-contents  ;  in  Salvadora  this  tissue  is  oompooed  oi 
more  nearly  iso-diametric,  in  Dobera  Roxburghii  of  palbade-like  ceb.  The 
mesophyll  of  Platymitium  lorantkifolium  consists  only  of  palisade^eDs,  the  lateral 
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walls  of  which  are  folded  like  a  concertina.  Groups  of  enlarged  storage-tracheids 
are  found  in  the  mesoph^  of  Dobera  Roxburgkii  and  Plafymiiium  loranikifalium. 
Oxalate  of  lime  appears  to  be  absent.  It  is  true  that  one  finds  clustered  and 
sometimes  (in  the  axis)  also  solitary  crystals,  which  in  their  shape,  their  douUe 
refraction,  and  their  reaction  with  sulphuric  add  (formation  of  gypsum),  agree 
witli  the  ordinary  excretions  of  oxalate  of  lime ;  they  are,  however,  essentially 
distinguished  by  their  gradual  solubiUty  in  water  and  acetic  add.  Rosenvinge 
also  met  with  the  crystalline  excretions  in  question  in  the  living  plant,  and 
showed  that  they  sometimes  secondarily  re-enter  into  the  metabolism.  In 
accordance  with  what  has  been  said  they  consist  of  an  organic  salt  of  lime, 
as  to  the  composition  of  which  nothing  further  is  known.  The  special  shape 
of  the  containmg-cells,  which  is  adapted  to  the  large  dustered  crystals,  and 
the  cellulose-membrane,  which  not  unconunonly  encloses  the  crystals  in  the 


lir..  I XX     s  Tr»n«>-ef«p  •rctkw  tkrowli  a  Dortioa  of  tlw  leaf  ci  Doitrm  /Uxhrnrgku.  Planck^  miA  the 
'lararteriMic  chuteredcryitalslMe  text);  above  tWlarfecfar  ^  *  ' 


in  a  paptUoae  maaaer.    a^^auUer  clastered  cryvtal  from  tlw  iacerior  _ 

Epclrrniitof  the  leaf  of  Pt^iymtiimm  hrmmtkifotimim^  Warbw  with  cefl^poapa  wwictiiy  mora  or 


after  th^  mann<rr  of  peltate  hairs:  c,  ta  sanace-Tiew;  D,  ia  traamerae  i 


cryataJ  a  p^eap  of  tvo  ■pirhnaal  oela  projacta 
r  of  the  leaf  fd  Smfmadtrm  ^$tim,  L.    c,  i^ 


same  u-ay  as  in  the  case  of  Rosanoff's  dusters,  both  support  the  supposition  of  the 
prc:>ence  of  these  excretions  in  the  living  plant.  I  have  met  with  these  dustered 
crystals  in  the  mesophyll  of  the  investigated  spedes  of  all  four  genera,  and  in 
great  abundance  in  Salvadora  persica  and  Dobera  Roxburgkii.  The  dustered 
cry>tals  of  the  mesophyll  vary  in  siie;  the  largest  assume  the  form  of  a  star, 
in  which  the  individual  crystals  project  as  long  crystalline  edges  (Fig.  120,  A) ; 
the  smaller  clusters  are  more  spherical  and  their  individual  crystals  ooly  project 
slightly,  giving  rise  to  a  comD-Uke  contour,  so  that  the  surface  of  tli^  cluster 
ap^x^ars  as  if  covered  with  small  adcular  crystals  without  any  regular 
arrangement  (Fig.  120,  S).  In  addition  to  the  dustered  crystals  the  mesophyll 
of  dried  leaves  contains  numerous  fatty  bodies. 

The  hairy  covering,  which  is  only  rarely  met  with,  is  formed  by  unicellular 
trichomes,  the  body  of  the  hair  consisting  entirdy  of  cellulose  (brandies  of 
SaliHidora  oUoides,  Dene.).  The  tendency  to  form  small  pdtate  hairs  has  been 
obser\'ed  in  Dobera  Roxlmrghii^  and  to  a  more  mariced  extent  in  I^iiiytmtium 
loftinihi folium.  In  the  first-nained  spedes  (Fig.  120,  A)  groups  of  four  or  more 
epidernial  cells  become  arched  outwards  to  form  low  papillae  on  both  sides  of  the 
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leaf,  and  appear  in  surface-view  like  small  Oleaceous  peltate  hairs,  the  marginal 
portions  of  which  are  completely  fused  with  the  lateral  ^ft'alls  of  the  adjoinirg 
epidermal  cells.  The  arching-out  of  perfectly  similar  ^ups  of  cells  on  the  leal- 
surfaces  of  Platymitium  loranihifolium  (Fig.  120,  C-D)  is  much  more  pronounced 
and  the  resulting  structure  is  almost  like  a  hair. 

I  have  examined  the  structure  of  the  axis  in  Salvadora  paniculata^  Zucc^ 
S.  oleoidesy  Dene.,  and  5.  persica,  L.,  Dobera  Roxburgkii^  Planch.,  Ptaiymiiium 
loranihifolium^  Warb.,  and  Azima  Utracantha^  Lam.  In  the  fijrst  place  the 
occurrence  of  islands  of  soft  bast  in  the  wood  in  Salvadora  (Rosenvinge),  Dobera 
(Radlkofer)  and  Platymitium  may  be  specially  pointed  out.  According  to 
Rosenvinge  they  are  formed  by  the  cambium  on  its  inner  side  in  Salvadora^  ard 
can  be  followed  right  into  the  wood  of  the  root  and  through  the  petiole  into  the 
midrib  of  the  leaf.  The  medullary  rays  of  the  wood  are  rather  broad,  and  3-5- 
seriate.  The  vessels  have  rounded  lumina  and  attain  a  maximum  diameter  oi  -ojo 
—05  mm.  Their  perforations  are  exclusively  simple  ;  their  walls  have  bordert^i 
pits,  even  where  they  are  in  contact  with  parenchyma  of  the  miedullar>'  ra\^. 
The  wood-p)arenchyma  is  sometimes  (Salvadora^  PUUymitium)  rather  abundantly 
developed  in  the  neighbourhood  of  the  vessels  and  of  the  islands  of  soft  ba^t. 
The  wood-prosenchyma  has  thick  walls,  more  or  less  narrow  lumina,  and  simple 
pits.  The  cork  is  developed  subepidermally  in  Salvadora  and  Axima^  and  con- 
sists of  cells  with  uide  lumina.  The  pericyde  contains  groups  of  bast-fibTe>. 
which  are  developed  in  varying  amount,  and  are  sometimes  elongatexi 
in  the  radial  direction  ;  these  groups  are  more  or  less  completely  united  by  cell- 
which  are  sclerosed  in  the  form  of  a  U  (their  outer  tangential  wsJl  remains  thin^ 

Literature:  Rosenvinge,  Anat.  Undersog.  af  V^etationiorg.  hot  Saivatbra,  Ovenict  Koac- 
Vidensk.  Selslc  Forh.,  Kj^benhavn,  1880,  pp.  aii-ao  and  Tavle  v;  R^  pp.  33-7. — Radlkofer.  ^ 
Sitz  -Bcr.  naturw.  Vcr.  Bremen,  Bd.  viii,  1883,  p.  427  note. — Soleieder,  Holzttr.,  1885,  pp.  17a,  173.— 
Chodat,  in  Congressber.  Genua,  189a,  separate  copy,  p.  1 3.— Knoblauch,  in  Natiirl.  Pflanxeafam., :«. 
Teil,  Abt.  a,  189a,  p.  1 7.— Solcreder,  Platymitium,  Sitz.-Ber.  dentsch.  bot.  Gctellich.  18^6. 
pp.  264- 7a 

APOCYNACEAE. 

I.  Review  of  the  Anatomical  Features.  This  natural  Order  is  charac- 
terized by  a  whole  series  of  anatomical  features.  In  the  first  place*  the  occur- 
rence of  intraxylary  soft  bast  and  of  laticiferous  cells  may  be  mentioned. 
Further,  the  lack  of  glandular  hairs  (with  the  exception  of  glandular  shagg)' 
hairs,  sometimes  appearing  on  the  leaf-base),  the  superficial  ori^n  of  the  cork, 
the  simple  perforations  of  the  vessels,  the  occurrence  of  groups  of  bast-fibres  or  01 
isolated  bast-fibres  in  the  pericycle  of  the  stem*  the  almost  entire  absence  ot 
bast-fibres  in  the  secondary  bast  (except  in  A%p%do%p€fnia\  and  the  structure  01 
the  bast-fibres  (Fig.  122),  which  \%ill  be  described  more  fuUy  in  the  special  portion, 
are  characteristic  of  the  Apocynaceae.  The  stomata  vary ;  both  the  Cnicifercm> 
and  the  Rubiaceous  types  occur.  The  medullary  rays  of  the  wood  are  narrow: 
the  wood-prosenchyma  bears  either  simple  or  bordered  pits ;  the  vessels  usually 
have  bordered  pits  where  they  are  in  contact  with  parenchyma,  but  in  rarecase> 
there  are  also  simple  pits  accompanying  the  former.  Oxalate  of  lime  is  excreted 
in  the  form  of  ordinary  solitary  or  clustered  crystals  or  styloids.  The  hairy 
covering,  as  a  rule,  consists  of  simple,  unicellular  or  uniseriate  trichomes.  Thf 
following  anatomical  features,  which  are  suitable  for  special  anatomical  diagnosis. 
have  been  observed  :  Gelatinization  of  the  spongy  tissue  (species  of  Vakta  and 
ClUandra) ;  hypoderm  in  the  leaf  (Nerium) ;  formation  of  papillae  on  the  lowrr 
side  of  the  leaf  {Alstonia  scholaris) ;  sclerosed  cells  in  the  pahsade-tissue  (Asp- 
do^pcrma  Qtubracho,  Schlccht.) ;  antler-Uke  trichomes  {Ondnoiis^  Rg.  X2Xp  6) : 
special  uniseriate  hairs  {EchiUs^  Fig.  121,  A) ;  specially  shaped  sdereochy- 
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inatous  cells  in  the  pith  {Cerbtra,  Cyriosipkonia) ;  secretory  cells  in  the  cortex 
{Aspidosperma  Qu^hracko^  Geissospermum  VcUosiu  Peck.) ;  the  occurrence  of 
furrows  in  the  xylein*nuiss  of  many  species*  of  thin-wmlled  tissue  in  the 
xylem-mass  {EcJnies  sp.),  of  groups  of  soft  bast  situated  in  the  middle  of 
the  pith  (Lyonsia  siraminea^  R.  Br.*  MandevUUa  suaveoUns,  Lindl.*  Parsansia 
kcUrathyUa^  Cunn.  and  P.  vartabilis^  Lindl.)*  of  inversely  orientated  medullary 
vascular  bundles  formed  secondarily  from  the  intraxylary  phloem  {Apacynum 
cannabinum,  L.  and  Willughbeia  furma^  Bl.) ;  finally*  the  occurrence  of  islands  of 
soft  bast,  situated  in  the  wood*  which  in  Lyonsia  straminea^  R.  Br.  are  formed 
internally  by  the  normal  cambium*  and  in  Candylocarpon^  sp.  (Fig.  123)  are 
connected  with  the  formation  of  furrows  in  the  xylem-mass. 

2.  Structure  of  the  Leaf.  The  leaf-structure  has  been  relatively  little 
investigated.  Vesque's  statements*  which  are  chiefly  followed  here*  are  based 
on  the  examination  of  species  of  the  genera  AUamanda^  AlsUmia^  Beaumontim^ 
Carissa^  Cerbera  (ind.  Tangkinia)^  EckiUs^  Kapsia^  Melodinus^  Nerium^  Plumcria^ 
StropkafUkus^  Tabemaemonlana,  Trackeicspermum,  Vinca^  and  WrighHa.  The 
leaf -structure  is  bifacial  in  most  of  the  speaes  investigated*  but  centric  in  Nerium 
Oleander  and  Aspidosperma  Quebracho,  The  epideraial  cells  on  the  upper  side 
of  the  leaf  are  sometimes  of  large  sixe  (AUamanda  neriifolia^  Tabernaemonlana, 
Beaumoniia^  Cerbera  laurifolia).  In  Echiiis  peltata  and  Alstonia  sckolaris  the 
upper  epidermis  consists  locally  of  two  layers ;  a  true  hypoderm  comp)osed 
o!  two  or  more  layers  is  found  in  Nerium  Oleander  on  both  sides  of  the  leaf ;  this 
tissue,  it  mav  be  added*  is  not  of  epidermal  origin*  according  to  Pfitzer,  but 
belongs  to  the  mesophyll.  In  AlsUmia  sckolaris  the  lower  epidermis  shows 
fiapiUose  differentiation.  In  the  slomata  no  uniform  type  of  structure  is 
present.  Some  members  of  the  Order  (species  of  AUamanda^  Kopsia^  Plumeria^ 
Stropkantkus^  Vinca  ;  and  likewise  Eckites  peUata^  Veil.*  according  to  my  own 
investigation)  have  stomata*  which  are  accompanied  by  two  or  more  subsidiary 
cells  parallel  to  the  pore  ;  on  the  other  hand*  species  of  Cerbera  and  Tabernae^ 
monlana  follow  the  Cruciferous  type*  having  three  subsidiary  cells.  Within 
the  genus  FtMca*  V.  minor  shows  the  Rubiaceous  type*  whereas  V,  rosea  shows 
the  second  type.  Finally*  in  Melodinus  monorynus  both  types  occur  on  the  same 
leaf.  The  stomata  usually  lie  on  a  level  with  the  epidermis  ;  in  Nerium  Oleander 
they  firoject  strongly,  while  in  Aspidosperma  Quebracho  they  are  Aee^Ay 
def)ressed.  In  the  Oleander  the  stomata  snow  a  peculiar  grouping ;  they  are 
found  on  the  lower  side  of  the  leaf  at  the  base  of  deep  pits*  tne  entrance  to 
which  is  occupied  by  hairs.  Special  features  in  the  mesophyll  are  the 
eelatiniiation  of  the  cell-walls  of  tne  spongy  tissue*  which  Radlkofer  found  to 
he  particularly  well  developed  in  Vakea  gummifera^  Lam.*  V,  crassipes^  Radlk.* 
and  CUlandra  cirrhosa^  Radlk.*  less  distinct  in  Cou$na  uMis^  J.  MUll.*  and 
Hancomia  speciosa^  Gomez*  and  the  occurrence  of  numerous*  sclerosed  palisade- 
cells  in  the  leaf  of  Aspidosperma  Quebracho.  Cork-warts  are  present  in  large 
numbers  on  the  lower  side  of  the  leaf  in  Pycnobofyra  mulHflora^  K.  Sch.  and 
(according  to  the  description)  in  P.  niHda,  Benth.  also. 

According  to  Petit  and  Vesoue*  the  petiole  usually  contains  a  single  arc- 
shaped*  bicollateral  vascular  bundle  (AUamanda^  Alsioma^  Beaumoniia,  Cerbera^ 
itc.) ;  in  other  cases  (Ftwca  rosea^  Nerium  Oleander)  there  are  also  from  two 
to  four  smaller  lateral  vascular  bundles,  which  are  symmetrically  arranged. 

The  hairy  coverisif  generally  consists  of  sim];:de*  uniseriate  (species  of 
Heaumontia^  Eckites^  Trachelospermum^  Wri^hiia)  or  unicellular  hairs.  The 
latter  are  often  very  small  and  resemble  papulae  (upper  side  of  the  leaf  of  the 
Oleander,  species  of  AUamanda  and  Vinca)^  but  sometimes  they  are  longer 
(lower  side  of  the  leaf  of  Nerium  Oleander^  Plumeria  alba).  Vinca  rosea  has 
unicellular  and  uniseriate  trichomes  side  by  .side.  Special  forms  of  hairs  have 
been  observed  by  me  in  EckUes  peliaia^  Veil.  (Fig.  X2i*  A)  and  by  Radlkofer  in 
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OncinoHs  (Fig.  121,  B).  The  trichomes  of  Eckites  are  iiniseriate  ;  their  basal 
portion,  which  is  sunk  in  the  epidermis,  consists  of  a  row  of  very  short,  thick- 
walled  cells ;  the  free  portion  of  the  hair  is  composed  of  cells  which  have  rather 
thick  walls  and  are  firmly  imited  to  one  another  in  the  lower  portion,  but  have 
thinner  walls  and  are  romided  off  in  the  upper  portion.  The  hairs  of  Onci- 
notis  hirta^  Oliv.  have  the  shape  of  antlers  ;  the  main  axis  and  its  branches  are 
formed  by  a  row  of  thick-walled  ceUs.  O.  iameniella,  Radlk.^  has  sinoilar  hairaw 
which,  however,  are  smaller  and  have  thinner  walls.  Glandular  trichomes  are 
absent  except  for  glandular  shaggy  hairs,  which  have  the  same  structure 
as  in  the  Rubiaceae,  possessing  a  nucleus  of  several  rows  of  elongated  cdls 
covered  by  a  palisade-like,  secretory  epidermis ;  thes^  hairs  have  himerto  only 

been  met  with  at  the  base  of  the  leaf  of  Nerivm 
Oleander  (Leonhard). 

Oxalate  of  lime  takes  the  form  of  dustered 
crystals,  ordinary  soUtary  crystals  and  styloids. 
Typical  crystal-sand '  has  so  far  not  been  ob- 
served in  the  Order  by  any  trustworthy 
authority.  Qustered  crystals  sometiiiies  (Om* 
notis  tomenieUa^  Radlk.)  occupy  enlarged  cells 
of  the  mesophyll.  The  soUtary  crystals  oca- 
sionally  occur  in  the  epidermis  of  the  leaf 
{Alstonia  scholaris  said  Ceroera  Afangkas,  accord- 
ing to  Vesque)  and  are  not  uncommonly  com- 
bined to  form  peculiar  zi^-sag  figjues  in  the  axis 
(bast  of  Cerbera  and  Nenum).  The  st^oids  are 
found,  according  to  my  own  observation,  in 
the  inner  and  outer  soft  bast  of  Carissa  pMuci- 
nervia^  DC.  and,  according  to  Leonhard,  m 
the  axis  of  Tabemaemontana  laurifclim^  L. 
and  Cerbera  Tanghin,  Hook. 

The  non-articulated  laticiliBroiia  tubes 
form  one  of  the  two  most  important  anatomical 
characters  and  are  perhaps  quite  generally 
distributed  in  the  Oraer.  In  me  majority  ci 
the  species  which  have  been  investigated,  they 
are  already  present  in  the  embryo.  Accordine 
to  Chauveaud,  their  initial  cdls  arise  id 
the  plane  whidi  coincides  with  the  node  oi 
the  cotyledons ;  they  here  appear  in  the  peri- 
pheral part  of  the  central  cylinder,  and  are  separated  from  one  another  by 
one  or  a  few  cells.  Other  members  of  the  Order  (species  of  Vinca^  Amsomi 
laHfolia^  and  Tabemaemontana  WaUichiana)^  accoraing  to  Chauveaud,  do 
not  contain  laticiferous  tubes  in  the  embryo ;  in  these  {dants  the  fonnaticQ 
of  laticiferous  elements  only  takes  place  subsequently.  In  the  axis  of  the  folly 
grown  plan  t  the  laticiferous  tubes  are  f  oimd  in  the  pith,  in  the  inner  and  outer  tas*. 
and  in  the  primary  cortex ;  not  uncommonly  laticiferous  tubes  penetrate  fms 
the  cortex  through  the  medullary  rays  into  the  pith.  In  the  lamina  of  the  leai 
the  laticiferous  elements  generally  occur  in  the  veins  only.    More  rarely  they 


Pig .  I  i  I .  A,  Trichone  of  EeikUu  fti- 
tala^  \  cU.  H,  Branched  hairs  of  Omamatii 
Atria,  Oil  v.— Original. 


The  statement  by  A.  Wcisa  Cm  Kawten,  Bot  Untenach.  1867.  p.  381)    , 

of  two-armed  haire  in  an  undetennised  spedei  of  Apotymim  is  probAblj  d«e  to 

of  the  material,  since  other  s{^ecies  of  the  same  genns  have  conical  tricboo-Ci  oalr, 


leonhard  mentions  the  occurrence  of  crystal-sand  in  Cerhtra  TVnifUit,  Cmnum 
sf^ermum  sp.    Tos^ibly  this  only  means  the  presence  of  small  arstarsniii 
M)Utar)  crystal,  as  in  Cerbtra  laurifoiia^  I.oda. 


nee  of  small  ciystaf  grains  in  tke 
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branch  off  from  the  latter  and  run  freely  in  the  mesophyll  {EchiUs  peltata^  Veil., 
according  to  Trtoil  and  my  o^-n  obser\'ation  ;  Beaumontia  grandiflora^  Plumeria 
acuiifolia^  P.  hypoleuca,  Vinca  major,  according  to  Pirotta  and  Marcatili). 
In  the  {>arenchynia  of  the  petiole  also  the  laticiferous  tubes  have  an  irregular 
arrangement  (Vesque).  The  wall  of  the  laticiferous  tubes  is  generally  rather 
thin,  and  the  lumen  not  specially  wide.  Laticiferous  tubes  with  thick  walls 
or  wide  lumina  are  rarer  (see  Leonhard,  loc.  cit.).  The  contents  of  the  tubes 
are  sometimes  (Parameria  vulneraria,  Radlk.)  so  much  like  caoutchouc,  that 
they  can  be  drawn  out  as  threads  on  breaking  a  branch.  Treub  has  demon- 
strated nuclei  in  them  and  Tr^ul  has  shown  that  starch-grains  occasionally 
also  occur  (Nerium  Oleander,  Cerbera  Mangkas), 

Up  to  the  present  time  no  member  of  the  Order  has  been  proved  with 
certainty  to  be  without  laticiferous  tubes  ^  The  erroneous  statement  in  Leonhard's 
work,  that  laticiferous  tul>es  are  wanting  in  Arduina  bispinosa^  has  been  disposed 
of  by  demonstration  of  the  fact  that  the  plant  investigated  by  Leonhard  was  a 
member  of  the  Rubiaceae,  ^whilst  Arduina  bispinosa  possesses  the  elements  in  question. 
Two  further  exceptions  mentioned  by  Mollcr,  viz.  the  Quebracho-bark,  derived  from 
A$pidosf>erma  Quebracho,  Schlecht.,  and  specimens  ot  the  bark  of  Geissospermum 
Vellosii,  Peck.,  however  require  discussion.  Even  at  the  outset,  these  barks  cannot 
be  recognized  as  exceptions,  since,  according  to  De  Bary,  the  laticiferous  tubes 
arc  sometimes  {Ascleptas  curassavica,  Vinca)  wanting  in  the  secondary  bast.  With 
regard  to  the  first  exception  I  have  found  on  examination  of  herbarium 
material  that  the  laticiferous  elements  of  Aspidosperma  Quebracho  are  only 
developed  in  the  outermost  portion  of  the  l>ast,  between  the  primary  groups  of  hard 
bast,  and  are  thus  really  present.  Owing  to  lack  of  material  I  could  not  deal  with 
the  second  exception  ;  but  at  present  it  is  not  improbable  that  one  may  be  able  to 
demonstrate  laticiferous  tul>es  m  the  branches  of  this  plant.  I  may  auo  mention 
that,  according  to  my  ovm  observation,  numerous  isodiametric  secretory  cells 
occur  in  the  bast  of  Aspidosperma  Quebracho  (branches  and  druggist's  bark) ; 
according  to  MoUer,  this  is  also  the  case  in  Geissospermum  Vellosii,  Peck.,  where  the 
cells  are  short  and  spindle-shaped. 

J.  Structure  of  the  Axis.  Intrazylary  phloem  *  probably  occurs  in  all 
the  members  of  the  Order ;  at  any  rate,  no  exception  is  known.  It  either 
forms  a  continuous  ring  or  isolated  bundles  at  the  margin  of  the  pith.  In 
many  cases  it  increases  in  thickness  by  means  of  a  cambium  at  its  outer 
margin  ;  in  some  species  (Willughbeia  firma^  Bl.,  and  Apocynum  canna^ 
binum,  L.,  according  to  Scott  and  Brebner)  this  cambium  gives  ofE  woody 
tissue  externally,  so  that  inversely  orientated  medullary  vascular  bundles 
are  formed  in  the  thicker  branches.  In  addition  to  those  at  the  margin 
of  the  pith,  bundles  of  soft  bast  also  appear  in  the  pith  itself  in  some  species 
{Lyonsta  straminea,  R.  Br.  in  the  form  of  two  arcs,  and,  according  to  Leonhard, 
in  MandeviUa  suaveolens,  Lindl.,  Parsonsia  hcterophylla,  Cunn.,  and  P.  variabilis^ 
Lindl.). 

In  the  pith  sclerosis  is  a  frequent  phenomenon.  The  sclerosed  elements 
are  either  ordinary  stone-cells  or  sclerenchymatous  rod-cells,  elongated 
in  the  vertical  direction  (the  latter,  according  to  Leonhard,  in  species  of  Acokan* 
thera,  Alstonia,  Carissa,  Eckites,  Landoiphia^  and  TabernaemofUana).    Special 

'  The  occvncnoe  of  Imtictfcrons  tabes  and  of  intimzylary  |)hloem  hat  bj  no  meant  been  oamincd 
in  all  the  gcDera.  It  is  therefore  advisable  to  ennmcrate  the  invetti|^ted  genera  below  (in  the 
serial  order  of  Thirand's  Index):  AUamumda^  IVi/lugkbeia,  LamdeMm,  Ifmmerma,  Me/idimmt, 
Caf-iisa  ^ArJuima',  Acokamiktrm,  Rmttw^i/m  {CjrrtMpAmia),  Afyxia^  fluvHia^  Cerhtra  (  TkarfltuM), 
K9psia,  AipiJosftrma^  Ams^mta,  Viitm,  Jrmnuria,  Aistamia^  Taiemaimemiamn,  TkiuareSm^  Fenr^ 
ittf^nia,  lyoHsia,  Pars^msia^  IVrifkiim^  Ntrium^  Strtfkamikus,  Parameria^  Urttaia^  Afeejmum, 

Mamdn'ula.  Chtmani  mentions  *  termentatioa  of  the  Uticiferons  tnbet'hi  WUht^kbeia  jmwamim, 
which  sounds  improbable  lor  a  mcfltber  of  this  Order.  The  Intrajiylarjr  phloem  also  appenn  in  the 
rooCft  of  Vimm  ma^r  and  V,  wudim,  which  potscis  pith,  but  not  in  those  of  l\  mim^r,  wnere  the  pith 
becoroct  sclerosed  at  an  early  stafv. 

If  m  2 
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sderenchymatous  elements  found  in  the  pith  are  the  branched  sderenchyma- 
tous  cells  of  Carissa  Arduina  (Gris)  and  those  of  Cerbera  laUana^  Badu-mm^ 
and  Cyrtosiphonia  speciabMs^  lliq.»  which  have  thick  walb  and  narrow 
lumina,  sometimes  attain  a  length  of  2  mm.,  are  attenuated  at  the  ends  and 
sometimes  branched ;  these  cells  have  a  curiously  vemicose  surface 
(Leonhard). 

Regarding  the  structure  of  the  wood,  the  following  facts  require 
mention.  The  medullary  rays  are  generally  narrow,  at  any  rate  in 
branches  from  herbarium-material,  while  thev  are  broader  (as  much 
as  7  cells  thick)  in  the  wood  of  the  trunk.  No  ^[eneral  statements 
can  be  made  with  regard  to  the  arrangement,  sue  of  lumen,  and 
abundance  of  the  vessels ;  in  the  lianes  the  lumen  of  the  vessels 
often  attains  considerable  dimensions  in  the  later-formed,  secondary 
wood.  The  perforations  of  the  vessels  are  simple  ^  in  the  spedes 
of  the  genera  Carissa^  AUamanda^  Rauwalfia^  Eckiies^  and  ForsUnh 
nia^  examined  by  me.  In  the  same  species  the  walls  of  the  vessels 
bear  only  bordered  pits  where  they  are  in  contact  with  paraichyma 
of  the  medullary  rays  ;  in  Plumeria  acutifolia^  Poir.,  simple  pitting 
is  also  present,  according  to  Pomrencke.  Spiral  thirkrning  of  the 
vessel-wall  is  mentioned  by  Leonhard  and  Mdller  as  occuning  in 
species  of  Vinca^  Carissa,  and  Tabcmaemaniana  ;  scalariform  bor- 
dered  pitting  is  described  by  Leonhard  in  Plumeria  rubra^  L.  The 
wood-parenchyma  may  be  scanty  or  developed  in  moderate 
abundance  (e.g.  in  AUamanda  oenotkeraefolia,  Pohl).  The  wood- 
prosenchyma  bears  bordered  pits  in  the  species  examined  by  me, 
although  in  varied  abundance  and  with  borders  which  vary  in  sise; 
according  to  Leonhard  and  Pomrencke,  prosenchyma  wiUi  simple 
pits  also  occurs  in  the  Order. 

In  describing  the  structtire  of  the  cortex,  the  first  place  sbooM 
be  given  to  the  development  of  the  cork.  This  tissue  is  ahrays 
formed  superficially  in  the  numerous  cases  investi^ted,  either  in 
the  epidermis '  or  subepidermally '  ( Vesque,  Douhot,  Leonhard). 
Within  these  limits  the  point  of  origin  of  the  cork  may  di&r  in 
different  species  of  the  same  genus.  The  periderm,  accordiog  to 
Mdller,  either  consists  of  very  wide  cells  with  thin  walls  (e.g.  in 
Nerium  Oleander,  L.)  or  is  stratified  into  several  layers,  some 
of  which  have  their  cells  sclerosed  on  all  sides  (e.g.  in  Gauo- 
spermum  Vellosii,  Peck.) ;  in  other  cases  again  it  is  composed  of 
only  a  few  rows  of  cork-cells  sUghtly  sclerosed  on  one  sioe  and  of 
more  massive  layers  of  cubical  or  flat  cork-cells  (e.g.  in  Aspiio- 
sperma  Quebracho).  Formation  of  phelloderm  is  not  rare.  The 
pericycle  contains  bast-fibres,  which  are  either  isolated  or  onit^ 
into  groups  ;  these  fibres  are  generally  distinguished  by  their  white 
colour  and  their  stratification,  and  often  show  the  '  spiral  striation,' 
'  transverse  lamellation,'  and  '  constriction,'  which  have  been  de> 
scribed  in  detail  by  Krabbe.  We  cannot  here  deal  with  more  than 
the  last  of  thesefeatures,  which,  however,  is  sometimes  only  to  be  seen 
in  branches  of  several  years'  growth.  In  their  longitudinal  course,  the  fibres 
(Fig.  122)  appear  constricted  at  intervals  to  a  small  diameter  and  then  suddenly 
much  enlarged.    This  is  a  case  of  local  secondary  enlargement  of  the  bast-fibres 

'  I  do  not  know  what  Leoohnrd  memiu  by  the  tenn  *  doppelte  Perforatioaen.* 

*  This  applies  to  tytcia  of  Afyxia,  Apccynum^  Can'ssa,  Ctrhtra,  AjjAiM,  ItmMfkim^  Mmmk* 

*  This  appliet  to  tpecies  oi  A//a$mamda,  Aisi^UL,  Afysia,  BeamwtMiia^  CMr^erm^  C^^rtmi^kmimm^ 
Eckitts,  I.fonsia,  Plmmiria,  Rauwlfiay  Tamghimia,  Tkepeiia,  Trtuksiosfirmmm,  Vmcm. 


Pig.    122. 
Portion    of  a 

eeU(abo«t 
twenty    ycari 
old)  from  the 
hard    baac  of 
Ntrimm    Old- 

(very  hichlj 
magnified) 
with    a    local 
enlargement ; 
aronnd  the 
protoplaHn  in 
this  enlarge- 
ment new  ceil, 
membranes, 
described 
as  caps  of 
ceU-wall,  have 
been  formed ; 
the  trmnsrerse 
striation  is 
indicated  on 
those  part* 
of  the   fibre 
which  have 
retained  the 
normal  ssse  — 
Alter  Krabbe. 
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Pio.  ia|.    TraMverv  tectkm  of  Um  ■!«■  of  Cmmfyh 
tmrfmm  ifk. ;    tlir  cortes  aad  tke  iateraAl  bMl^inMS  are 
•IimM.  tlie  pitli  and  penaxul  wood  are  iadkalad  by  c 
lmca.-AAcr  PrHi  Wilter. 


accompanied  by  an  encystment  of  the  protoplasm  in  the  widened  portion  of  the 
fibre  by  means  of  the  formation  of  caps  of  cellulose '.  In  the  secondary  phloem 
bast-fibres  have  only  been  observed  in  the  Quebracho-bark«  where  they  are 
accompanied  by  chambered  crystal-fibres  with  fine,  large,  solitary  crystals. 
Stone-cells  have  been  met  with  in 
certain  species  in  the  bast,  as  well 
as  in  the  primary  cortex. 

Since  most  of  the  Apocynaceae 
are  lianes,  anomalies  in  the  stmc* 
tnre  of  their  axis  may  be  expected 
at  the  outset.  Many  Apocynaceous 
Uanes,  however,  e.  g.  Forestiera  bra- 
siiiensis,  A.  DC.,  have  normal  struc- 
ture. The  anomaly  of  a  furrowed 
xylem-mass  is  widely  distributed  in 
the  Order ;  the  furrows  are  occupied 
by  soft  bast  and  the  cambium 
extends  between  wood  and  bast 
throughout  the  furrow  (Condylo- 
carpon  Rauwolfiae,  Miill.  Arg.,  ac- 
cording to  H.  Schenck  ;  EchiUs  sp., 
according  to  Jussicu  ;  AUamanda 
Hendetumi^  Lyonsia  stramifua^  R. 
Br.,  Parsonsia  hiUropkylla^  Cunn., 
and  P.  variabiJis,  Lindl.,  Tabemae- 

moniana  Uturifoiia,  L.,  as  well  as  Alsionia  sp.  and  A .  scholaris^  R.  Br. ',  according 
to  Leonhard).  A  second  anomaly,  connected  with  that  of  the  furrowed  xylem- 
mass,  is  shown  by  a  stem  of  Condyhcarpum  sp.  from  the  neighbourhood  of 
Desterro  (Fig.  123) ;  this  was  figured  by  Fritz  Miiller  and  is  7*5  cm.  in  thickness. 
The  young  stem  shows  furrow-formation ;  subsequently  the  furrows  become 
covered  in  by  the  further  growth  of  the  wood,  and  new  furrows  originate  at 
the  margin  of  the  latter,  but  soon  undergo  the  same  fate.  Thus  the  transverse 
section  of  an  older  stem  shows  numerous  islands  of  phloem  scattered  irregularly 
in  the  wood  and  elongated  in  a  radial  direction.  The  third  anomaly  found  in 
the  Order  is  the  occurrence  of  interxylary  phloem  in  Lyonsia  siraminea^  R.  Br. 
The  islands  of  soft  bast  are  here  very  irregular  in  shape,  contain  sieve-tubes  with 
wide  lumina,  and  are  given  off  on  the  inner  side  by  the  cambium,  according  to 
my  own  observation.  It  may  be  added  that  sometimes  {EckiUs  sp.^  according 
to  Leonhard)  rather  large  groups  of  unUgnified  tissue  occur  in  the  secondary 
wood. 

Uteratarr:  JoMuetj,  ia  Anh.  Mu.  (Thist.  oat..  L  iti.  1843,  pT  io6.~I>ippel,  Mildttaftgct^ 
Kottcrdam,  1S65.— Tr^l,  iaCompt  rend.,  t.  U,  1865,  pp.  ift6aiKi  i340CtMq.;  abo  In  Adaaaoaia, 
t  Tii.  pp.  164-9  «^  JoS-ia.—Fritx  Miilkr,  in  BoL  Zett.  1866,  p.  58  and  Tab.  iti.— Dand,  Milcba., 
HmUtt,  187a.  p.  45  ct  leq.— GhA.  In  Ann.  tc  naL,  ter.  5,  t.  uv,  187J,  p.  44.~P6txcr,  in  Pringthciia 
Jahrb.,  Ik).  Ttii,  iKjs,  p.  49  rt  mo.  and  Tab.  vi— Vetqoc,  tn  Ann.  ic  naL,  1^.  6,  t.  U,  1875,  p.  8a 
et  teq.— Molkr,  IloUanat.,  I>cnkichr.  Wiener  Akad.  1876,  pp.  5a,  $1  and  348. — Schmalhanica, 
.Milchaaftbrh..  Mem.  de  rAcnd  isip.  d«i  ac  de  St.  P^tenbonrff,  1^.  7,  L  xwkw,  n.  a,  1877,  pp.  17-18. 
—IV  Itary,  Vergl.  Anat,  i877._Trenb,  Cell,  v^^  etc.  Arch,  n^.,  U  xt.  1880.— Molkr,  Rtndeo* 
anat .  iKSj.  pp.  i64-;a.- Pcfenen,  in  Eneler,  Bot.  JahrU,  Bd.  lii,  i88j,  pp.  s84'«.~Kadlkoler» 
in  Sttr.-lWr.  natarv.  \rr.  ni  BrcaBcn,  Rd.  viii,  1885,  p.  ,1(93  et  icq.  and  in  Slti.-Ber.  Ifuncb.  Akad. 
1HM4.  p.  505  ct  icq.—  Soleradef.  Hc4i8ir.,  188c,  pp.  173  f^^VtMfoe,  Gaoiop^talca,  Ann.  ac  nat., 
•cr.  7.  t    I.  1KH5,  pp.  178.87  and  pi.  13^— Wittc.  Ilolx  ein.  IJanen.  Diaa.,  Frdbw^  i.  Br.,  1886, 


'  Saitable  ob)ecU  for  obaerring  thia  featwt  are,  lor  esanplc,  Alrrimm  OUmukr,  MmndtmiM  er$ci^ 
AuUftat  L  0mmti  and  other*  (Krabbe).  In  Atpidmpenma  QmirmJU  I  foond  a  Moae-ceU  aad  crjtUl* 
oelU  eocloaed  10  anch  an  enlargement  of  the  baiat-fibrea. 

*  K.  .Scbnmann  rightly  oMBtiooa  tht  corwclniM  of  the  atatMnant  at  rcgnrda  Aliimi;  liaoe 
thb  fctttti  has  no  tpecka  vhioi  arc  Una 


534 


APOCYNACEAE 


Sp.  30  and  44.—- Pirotta  e  Marcatili,  Rapp.  tra  i  vasi  latidfi.  ed  il  sist.  Msim.,  Ann.  R.  IstH.  boc 
Loma  1886,  n.  2 ;  abstr.  in  Just  1886, 1,  pp.  921,  922.— Krabbe,  Strnkt.  n.  Waclut.  vi^getab.  Ze) 
Pringshcim  Jahrb.,  Bd.  xviii,  1887,  PP«  34^4^'  *nd  Tab.  xi-xv.— Petit,  Petiole,  M^m.  Soc.  *c  pi 
et  nat.  de  Bordeaux,  s^r.  3,  t.  iii,  1887,  pp.  361-3  and  pi.  vi. — Kerner,  PAanzenleben,  Bd.  i,  i\ 

Sp.  273  and  285. — [Saldanha,  Part.  anat.  de  VEckites  peltata^  Compt  rend.  Soc.  roj.  de  boL 
^Igique  1887,  pp.  62,  63  ;  abstr.  in  Just  1887,  ii,  p.  666  incomplete.] — [Garcin,  Rech.  snr  les 
Ann.  Soc.  bot.  de  Lyon,  Annce  xv,  1888,  pp.  197-448,  2  pi. ;  abstr.  in  Hot.  Centralbl.  and  in  Jctf 
sufficient.] — Douliot,  in  Ann.  sc  nat.,  s^r.  7,  t  x,  1889,  p.  378. — Leonhard,  Anat.  d.  A.,  Bot.  Centra 
1891,  i,  pp.  I,  33  et  seq.  and  Tab.  i,  ii,  and  correction  hereof,  loc  cit.  1891,  iii,  p.  94 ;  the 
editing  of  this  paper  made  it  impossible  to  take  it  sufficiently  into  account,  see  e.  g.  the  chapter 
cr>'stals,p.  130,  and  the  description  of  the  anomalous  structure  of  the  branch  of  Z>mum,  p.  66  fM 
Chauveaud,  in  Ann.  sc.  nat.,  ser.  7,  t.xiv,  1891,  pp.  98-1 12  and  pi.  7. — Herail,  in  Compt.  rend,  i? 
13  avriL — Scott  and  Brebner,  in  Ann.  oi  bot.,  vol.  v,  1891,  pp.  283-6  and  pi.  xix. — romrencke 
Arb.  bot.  Gart.  Breslau,  1892,  pp.  52  5. — Planchon,  Matiere  medicale,  fam.  dec  A.,  Montpel! 
1894,  364  pp. — H.  Schenck.  Anat.  d.  Lianen,  1893,  pp.  202-4. — Hcrbst,  Markstr.,  Bot.  Centra 
1894,  i,  p.  356. — Chimani,  Milchr.,  Diss.,  Bern,  1895  and  Bot.  Centralbl.  1895,  i. — K.  Schnma 
inNatiirl.  Pflanzenfam.,  iv.  Teil,  Abt  2,  1895,  p.  in. — Grevillius,  in  Engler,  BoL  Jahrb. ,  Bd.  \< 
1896,  p.  77.— Kuhla,  Phelloderm,  Bot.  Centralbl.  1897,  iii,  p.  227. 

ASCLEPIADEAE. 

1.  Review  of  the  Anatomical  Features.  The  Asclepiadeae,  in  co: 
spondence  with  their  close  relationship  to  the  Apocvnaccae,  have  the  >a 
ordinal  anatomical  characters  as  the  latter,  viz. :  bicoflateral  vascular  bund 
laticiferous  cells,  superficial  development  of  the  cork,  a  rather  broad  ring  01  p 
cycle  in  the  branch  containing  isolated  groups  of  bast-fibres  or  solitary  bast-fibi 
absence  of  bast-fibres  in  the  secondary  bast,  simple  perforations  in  the  ve>.' 
and  narrow  medullary  rays  in  the  wood.  The  vessels  have  bordered  pitting 
their  walls,  even  where  they  are  in  contact  with  parenchjnua.  TTie  wc^ 
prosenchyma  has  varied  structure,  bearing  either  simple  or  bordered  pits. 
like  manner  various  types  of  stoma  occur ;  the  Rubiaceous  type,  howev 
is  the  one  most  widely  distributed.  Oxalate  of  lime  is  excreted  in  the  form 
clustered  and  solitary  crystals.  The  hairy  covering  consists  of  simple  and  usua 
uniseriate,  more  rarely  unicellular  hairs  ;  in  Dischidia  unicellular  trichomes  w 
a  glandular  function,  as  well  as  glandular  shaggy  hairs  have  been  observed. 
special  anatomical  features  the  following  may  be  mentioned  :  formation 
hypoderm  in  the  leaf  (species  of  Hoya  and  Tyhphora) ;  sclerenchymatous  fib 
and  laticiferous  tubes,  running  irregularly  in  the  mesophyll  (Dischidia  Ra^ 
siana.  Wall.) ;  special  hemitropic  crystals  of  oxalate  of  lime  (in  some  Penp 
ceae) ;  occurrence  of  groups  of  soft  bast  in  the  pith  (species  of  Ceropegia^  Kanak 
and  Stephanotis)^  of  sclerenchymatous  fibres  in  the  pith  (species  of  Cryptdei 
and  CryptosUgia)  and  of  sclerenchymatous  fibres  in  the  primary  cortex  (Snr 
stemma  viminale,  R.  Br.).  The  follo\ving  anomalies  in  the  structure  of  the  brar 
occur  :  Irregularities  in  the  secondary  growth  of  the  wood  in  many  chmb; 
six?cies,  a  furrowed  xylem-mass  (Gymnema  sylvestre),  islands  of  soft  bast  in  : 
wood  (Asclepias  obtusi folia,  Michx.  and  *  Ceropegia  macrocarpa  '),  and  th 
walled  tissue  in  the  xylem-mass  (species  of  Gonolobus  and  Ceropegia), 

2.  Structure  of  the  Leaf.  This  has  been  investigated  in  only  a  i 
species,  and  i>rincipally  by  Vesque.  The  leaf-structure  is  centric  in  the  fles 
leaves  of  Ceropegia  Sandersoni  and  Hoya  carnosa,  as  well  as  in  the  me 
branous  leaves  of  Marsdenia  erecta,  but  is  bifacial  in  many  cases.  The  epidem 
in  xerophilous  sj)ecics  shows  adaptations  corresponding  with  their  hal 
such  as  considerable  thickness  of  the  cuticle  [Ceropegia  stapeliaefcm 
Hoya  carnosa),  excretion  oi  wax  on  the  surface  (Stapelia),  enlargement  ot  1 
cells  on  the  upfx^r  side  of  the  leaf  and  development  of  hypoderm  {Hoya  came 
Tyhphora  laevigata  ').  The  stomatal  apparatus  usually  belongs  to  the  Rub 

'  (^clatinization  of  the  tpidermis  of  the  leaf  hu  not  been  obiervcd  in  the  Order.    The  rtn 
thickening  of  tlie  uuter  walls  of  the  epidermal  cells  in  SaienPsUmma  Argti^  Hayne, 
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ceous  type  (species  of  AscUpias^  Ceropegia^  CrypiosUgiOj  Haya^  Marsdenia^ 
Periploca^  Tytopkora).  In  Ceropegia  siapdiaefarmis  secondary  division-walls 
ap(>ear  in  the  subsidiary  cells,  which  are  paraUel  to  the  pore.  The  stomata  of 
Stapflia  (Vesque ')  and  Hoya  bella  (Benecke)  have  three  subsidiary  cells  as  in 
the  Cruciferous  type.  Sclerenchymatous  fibres,  running  irregularly  in  the 
mesophyil,  are  found  in  Dischidia  Rafflesiana^  Wall.,  both  in  the  ordinary 
and  in  the  ascidiform  leaves. 

Oxalate  of  lime  occurs  in  the  form  of  solitary  or  clustered  crystals  in  the 
axis  and  leaf.  According  to  Vesque  and  Treiber,  crystals  of  a  special  shape  are 
found  in  the  phloem  of  some  Periploceae  (species  of  Peripioca^  e.g.  P.  graeca, 
Cryptolepis  and  CryptosUgia).  They  consist  of  a  central  portion,  which  is  com- 
posed of  two  truncated  pyramids,  joined  together  by  their  basal  surfaces,  and 
externally  of  two  other  truncated  pyramids,  having  their  truncate  (smaller) 
surfaces  in  connexion  with  the  central  pyramids,  while  their  (larger)  basal  sur- 
faces are  directed  outwards.  Phosphate  of  hme  is  deposited  in  the  form  of 
s[>haero-cr\*stals  in  alcohol-material  of  Stapeiia  and  Ceropegia  (Kohl).  Tht 
laticiferous  cells  have  the  same  course  of  development  and  structure',  the  same 
general  occurrence  ',  and  the  same  distribution  in  leaf  and  axis  as  in  the  Apocy- 
naceae.  Laticiferous  tubes,  running  freely  in  the  mesophjdl,  have  been  umnd 
in  Araujia  sericifera,  Brot.  (Trtoil),  Daemia  iomentosa^  Vatke  (Volkens),  Ascle- 
pias  curassavica  (Groom,  Haberlandt),  and  in  Dischidia  (Scott  and  Sargant). 

Usually  the  hairy  covering  only  consists  of  unicellular  or  uniseriate  clothing 
hairs,  both  of  which  may  sometimes  {Araujia  sericifera)  occur  side  by  side  in 
the  same  spiecies.  In  Dischidia^  Scott  and  Sargant  mention  the  occurrence  of 
hemispherical  unicellular  hairs,  which  have  a  glandular  function,  excrete 
mucilage  beneath  the  cuticle,  and  are  present  in  abundance  on  both  forms  of 
leaf,  as  well  as  of  mucilage-excreting  shaggy  hairs,  which  either  only  form  conical 
cellular  prominences  on  the  surface  of  the  leaf  and  petiole,  or  project  as  ellip- 
soidal trichomes,  ha\ing  the  same  structure  as  the  glandular  shagey  haiis 
of  Serium  and  the  Rubiaceae.  Hanstein  observed  the  same  type  of  glandular 
shaggy  hairs  in  the  leaf -axils  of  Asdepias. 

According  to  Vesque  and  Petit,  the  petiole  contains  a  single,  bicoUateral, 
and  arc-shaped  vascular  bundle,  sometimes  accompanied  by  a  small  vascular 
bundle  at  each  end. 

The  structure  of  the  ascidiform  leaves  of  Dischidia  RaffUsiana^  to  ouote  the 
results  of  Scott  and  Sargant,  confirms  the  view  arrived  at  by  Treub  tnrougb  a 
developmental  investif^ation,  viz.  that  the  aaddia  are  leaves  which  owe  their  origin 
to  extreme  intercalary  growth  in  the  entire  re^on  between  the  apex  and  pe^ols, 
the  upper  side  of  the  leaf  being  that  which  is  more  especially  affected  oy  this 
f^rowtn.  In  correspondence  with  this,  more  stomata  are  found  on  the  inner  side  of 
the  ascidium  (the  morpholoeically  lower  side)  than  on  the  outer  side  (the  morpho- 
logicaUy  upper  side) ;  the  differentiation  of  the  mesoohyll  and  the  orientation  of 
the  wood-  and  bast-portions  of  the  veins  also  agree  witn  this  view. 

3.  Structure  of  the  Axis.  The  structure  of  the  axis  is  well  known 
through  the  work  of  Treiber. 

Like  the  very  closely  related  Apocynaceae,  the  Asdepiadeae  *  possess 


n-.i.cila(;t  by  TMihinch  ami  Ocsterle  (AtUt,  Taf.  vii)  and  br  WaUiczek  vin  Pringsheim  Jabrb.,  VA. 
XXV.  y.  iyf^\  (locf  not  show  the  reactions  of  mocilagiDOiia  membnuick. 

'  Jakit.  contrary  to  Ves(|De*i  ttatcments,  deKribet  a  stomatal  apparatus  in  Staftlia  resembUng 
The  well-known  7W^xr««s/a«-type. 

'  The  fopposed  srptatkm  o(F  the  latictlcfotts  tubes  mentioned  by  Moller  as  occmring  in  the  bait 
«  t  CcfuI^f'Ui  C0mtittritMg9,  b  probably  idrtable  to  incorrect  inteqxvtatioo  or  obaervatioa. 

iVKsibly  laticiierons  tabes  may  be  wanting  b  some  cases,  e.g.  b  Perpdmria,  whidi  requires 
further  i n rest i •Ration.     See  tbe  following  note. 

*  At  by  no  meam  aU  the  Asclepiadeae  hare  been  invest igated  with  regard  to  the  pmcnce  ol 
ctraxylary  soft  bast  and  latictStrons  tabes,  aa  coaDetatioo  of  the  genera  examined  may  follow  here  : 
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intraxylary  phloem,  which  is  developed  in  the  form  of  cell-groops  or  as  a  ooo- 
tinuous  ring  at  the  margin  of  the  pith.  An  increase  of  this  phloem  takes  place 
either  by  a  cambium  appearing  at  its  outer  margin  (e.g.  in  Pmflocm  grmecm^ 
L.)»  or  by  simple  divisions  in  the  phloem  itself  (e.g.  in  Hoya  imperuUis^  LindL)* 
or  by  both  methods  in  the  same  species.  In  rare  cases  (Penplocm  grmecm^ 
according  to  Scott  and  Brebner)  the  cambium  also  produces  a  few  zjrtem* 
elements  extemaUy.  The  internal  soft  bast  is  in  many  cases  (species  of  CdUh 
tropis,  Gomfhocarpus.  Periploca^  &:c.)  supported  at  its  inner  maxpn  hy  bast- 
fibres,  which  sometimes  (Peripioca  graeca)  only  appear  relativdy  late.  Groups 
of  soft  bast  have  been  met  with  in  the  inner  portion  of  the  pith  in  Cerap€gui 
siapeliaeformis.  Haw.,  Kanakia  laniflara^  R.  Br.,  and  SiephanoHs  jUmbimia^ 
A.  Brongn. 

As  regards  the  structure  of  the  wood'  the  same  features  are  found  in  the 
Asclepiadeae  as  in  the  Apocynaceae,  viz. :  vessels  with  very  wide  lamina  in  the 
lianes  ;  vessels  with  simple  perforations  and  with  bordered  pitting,  even  where 
they  are  in  contact  with  parenchyma ;  narrow  medullary  rays,  the  cells  of 
which  are  elongated  in  the  vertical  direction ;  wood-prosenchjrma  generally 
having  bordered  pits,  sometimes  (SarcosUmma^  according  to  Trdber)  also 
simple  pits. 

The  most  noteworthy  features  in  the  structure  of  the  cortex  are»  as  in  the 
Apocynaceae,  the  superficial  development  of  the  cork«  a  rather  broad  pericyde 
with  isolated  groups  of  bast-fibres  or  sohtary  bast-fibres,  and  the  lack  of  these 
elements  in  the  secondary  bast.  The  cork  develops  either  in  the  epidermis  * 
or  subepidermaUy '  (Moller,  Vesque,  and  Treiber).  The  cork-cells  are  tabolar 
and  mostly  thin-walled ;  in  rare  cases  (e.g.  Peripioca  graeca  or  Cynanckmm  Sekim' 
peri,  Hochst.)  they  are  strongly  thickened,  rormation  of  phelloderm  occnis. 
The  primary  bast-fibres  commonly  have  the  same  secondary  enlargements,  the 
same  striation  and  transverse  lamellation,  as  in  the  Apocynaceae. 

The  following  statements  may  be  added  regarding  the  structure  of  the  cor* 
tex.  The  primary  cortex  contains  collenchyma  in  varying  amount,  and,  in 
certain  species,  assimilatory  parenchyma  resembUng  spongy  or  palisade-tissue  is 
present.  Stone-cells  are  not  rare  in  the  primary  cortex,  and  sometimes  {Haya 
camosa^  R.  Br.)  form  a  ring.  Sclerenchymatous  fibres  have  been  met  with  in 
the  primary  cortex  of  Sarcostemma  viminale,  R.  Br.  PecuUar  knob-Uke  struc- 
tures on  the  pit-membranes  of  the  primary  cortical  parenchyma,  and  in  some 
cases  also  small  rod-like  bodies  in  the  intercellular  spaces  of  the  same  tissue, 
were  first  demonstrated  by  Borscow  in  Ceropegia  aphylla  and  afterwards  by 
Treiber  in  Ceropegia  Sandersoni,  Decne.,  and  Cynodonum  angusHfoUum^  Decne. ; 
according  to  Treiber  they  consist  of  a  substance  resembling  gum  or  modlage, 
and  are  similar  to  the  structures  described  by  Schenck  in  the  intercellular  spaces 
of  the  parenchyma  of  the  Marattiaceae.  It  remains  to  mention  that  the 
primary  cortex  is  usually  delimited  from  the  pericycle  by  an  endodermis,  and 
that  a  ring  of  stone-cells  sometimes  (Leptadenia  abyssintca,  Decne.,  Peripioca 
laevigata.  Ait.,  Sarcostemma  viminale^  R.  Br.)  appears  internally  to  the  pericycle. 

As  regards  the  structure  of  the  pith,  we  may  mention  the  occorrenoe  of 
large  intercellular  spaces  in  Peripioca  graeca,  L.,  species  of  Araujia  and 
Gomphocarpus,  of  stone-cells  in  Astephanus  linearis,  R.  Br.,  Hoya  camosa^ 

Cryptoltpis^  Cryptositgia ,  Totazzea,  PeripUxa^  Secamome^  T^xocarpus,  Microi^ma,  Astetkmnm^ 
^Irattjia,  Oxypetalum^  Xysmalobimm,  Gompho<arpHs ^  Calotropis,  AscUpias,  Kmsienim.  Ammmkitt, 
CvfuinchMfti,  Sarcosttmma^  Doimia^  Eustegia^  Gonolokui^  Gymntwuk,  Tylppk^ra,  Mmndtmm,  Stt* 
phanotiiy  Hoya^  DisckiMa^  LtptaJtnia^  Ctroptgia  aii<l  Siaptlis* 

'  I  have  examined  s}>eciei  of  Piriploca^  CrjpioUpis,  Setamomtf  Tox^cmrpus,  DatWM,  CmmU^ut^ 
Afarsdenia,  Gfmnema,  Leptadenia.    See  also  Treiber,  loc  cit. 

*  In  %\)tc\e%oi  AscUpiaSf  Ceropegia^  Ctyptolepis,  Cymactonum^  Gompkocarfms^  CmmMms,  Perim 
ploca, 

'  In  species  of  Cryptostegia^  Cynamkvm,  Disckidia,  Ifoya^  Ptrip/^ea,  Stepkameh's, 


ASCLEPIADEAE  537 

R.  Br.,  and  other  species  of  Hoya ;  and  of  sclerenchymatous  fibres  in  Crypto- 
Upis  longifiora,  Hort.  Berol.^  and  Cryplosiegia  longiflara^  Hort.  Berol. 

Anomalous  structures  in  the  axis  are  known  in  a  number  of  species.  In 
many  cases  the  anomaly  is  limited  to  a  specially  strong  development  of  the 
secondary  wood  and  abundant  development  of  vessels  at  two  or  four  points. 
In  those  cases  in  which  the  increase  of  the  xylem-mass  is  greater  on  two 
opposite  sides,  a  disi^acement  of  the  elliptical  figure  of  the  transverse  section  of 
the  stem  through  a  right  angle  is  always  found  on  comparing  two  successive 
intemodes;  in  Uke  manner  the  long  axis  of  the  pith  is  simultaneously 
displaced,  if  the  latter  has  an  eUiptical  transverse  section,  its  long  axis 
being  always  placed  at  right  angles  to  the  long  axis  of  the  dhptical 
section  of  the  stem.  These  features  are  described  by  H6rail  in  Cerapegia 
Sandersoni^  by  Witte  in  Ibatia  muricaia^  and  by  Treibcr  in  a  whole  series  of 
dimbing  species.  A  furrowed  xylem-mass  is  mentioned  in  Gymnema 
sylvestre  by  Jussieu,  and  a  well-marked  cleavage  of  the  wood  in  Calobropis  by 
K.  Schumann.  In  the  xylem-mass  of  Gcnolobus  Candurango^  Tr.,  *  Cerabegia 
macrocarpa  *  and  Ceropegia  SatuUrsoni,  Decne.,  larger  or  smaller  areas  of  unligni- 
fied  tissue  have  been  noticed.  In  two  species  isJ^ds  of  soft  bast  have  been 
obser\'ed  in  the  wood,  viz.  in  the  plant  described  as  '  Ceropegia  macrocarpa ' 
and  m  AscUpias  obtusifolia^  Michx.  In  the  former  they  originate  subse- 
quently by  the  differentiation  of  cell-eroups  in  the  unUgnified  portions  of  the 
xylem-mass  (Treiber).  In  AscUpias  Musifolia^  which  was  examined  by  Scott 
and  Brebner,  the  interxylary  phloem  is  only  developed  in  the  basal  portion  of 
the  stem  and  in  the  root.  The  islands  of  soft  bast  in  the  wood  of  the  root  are 
in  some  cases  continuations  of  the  intraxylary  phloem  of  the  stem,  in  other  cases 
they  are  [)hloem-islands  given  off  internally  by  the  cambium  ;  others  again  are 
dut'  to  bundles  of  sieve-tubes  formed  secondarily  in  the  thin-walled  parenchyma 
which  belongs  to  the  wood  of  the  root  and  increases  by  a  process  of  dilatation. 

Literatnrc  :  Jasuea,  in  Arch.  d«  Mos.  d'hUt.  oaU  L  iii,  1S43.  |x  106. — ^Tr^cnl,  in  CompC  rend., 
t.  U,  I  "^65,  n.  1349  et  seq.,  and  in  Adansooia,  L  ni,  pp.  164  to  169.— Dippel,  MilcfaMftgef., 
Rotterdam,  1865.— Hanstetn,  Han-  v.  Schletmaba.,  RoC.  Zeit.  1H68,  p.  755.— Boneow,tn  Pringsbesm 
Jahrb.,  Bd.  vii.  1S69-70,  pp.  344-56  and  Tah.  zxi.^r>aTid,  MUdmllen.  Brealan,  187s,  p.  45  et  leq. 
— Veiaue,  in  Ann.  sc  nat..  icr.  6,  L  ii,  1875,  pp.  14 J  and  19s. — De  Bary,  Vogl.  Anat.  1877. — 
Sdunalhaoscn.  MUcbsaftbch.,  Mem.  de  TAcad.  des  ic.  de  Sc.  Petcnboore,  icr.  7,  t  udv,  n.  2,  1877, 
pp.  17,  18.— lako.  Sraltiiffn.  ron  Sfa^/ia,  Klaajcnbarg,  18S1,  Hnnganan;  abatr.  in  Tost  i88s,  i, 
pp.  444-6.~Moner,  Kindenanat..  i88s,  pp.  170  to  175.— Petenen,  in  Engler,  Hot  Jahrt.,  Bd.  iii, 
i88i.  p.  3S4.-.Habcrlandt,  MUchr.,  Sitx..|ler.  Wiener  Akad.,  Bd.  Ixxxrii,  Abt  1,  1883,  p.  j>6  aad 
Tab.  li.— Trmb,  Unses  da  DutkiJia,  Ann.  Jaid.  de  Bnitenaoqr,  iroL  iii,  1883,  pp.  13-^— \esqae» 
Gamopeules,  Ann.  »c  nat..  «er.  7,  t.  i,  1885,  PP-  aSS-oi.— Soleieder,  Hobstr.,  1885,  pp.  I73-5-— 
Henul.  in  Ann.  sc  nat.,  s^r.  7,  t  ii,  1885,  p.  254.— [PiroCU  e  Marcatill,  in  Au.  K.  Istit  boL  di 
Roma  i*i.S4S.  n.  j.]_\Vitte,  H0I2  einig.  Liancn,  Disa.,  Kiel,  i88d.— Petit,  P^iole,  Ifte.  tc  phyi.  €t 
nat.  de  bordeaux,  1^.  3,  t  iii,  1887,  pp.  363-5  and  pi.  TU^Volkeaa,  KtgypL-mb.  WMe,  1887, 
p.  13a— Donlioc,  Pcridcrme,  Ann.  ic  nat.  nkt.  J,  t  x,  1889,  pp.  370,  38o.~Groott,  Lmtitic  tvbca, 
iVonjds  of  bot.,  toI.  iii,  1889,  p.  165.— Scott  and  Biebcer^  Intoaal  oUoem  etc,  Ann.  of  boL,  vol.  ▼• 
1H91.  pp.  269  et  scq.,  j86  and  pi.  zriu.— Trdber,  Anat  Baa  d.  Suoums  dcr  A.,  Bot  Centnlhl. 
i>^i.  IV.  pp.  209,  J41  etc  and  Tab.  i,  ii.— Beoedce,  in  Bot  Zeit  189a,  p.  560  et  aeq.— Cbodat,  in 
(\«greaftber.  too  Genoa,  1893.  separate  copr,  p.  I  a. —Scott  and  Saigast,  Pitchcn  of  DiseMidim, 
Ann  of  boc,  toI.  rii,  1893,  pp.  243-69  and  pi.  Tii ;  ice  alio  Groom,  loc  dt  pp.  113-43  and pL  s.— 
Schenck,  Anat.  d.  Liancn.  1893,  pp.  204,  205.— HertMt,  in  Bot  CentralU.  1894,  i*  p.  356-— 
K.  Schumann ,  in  Naturl.  Pflanaenlam.,  ir.  Teil,  Abt.  s,  189K,  p.  loa. — [Boicb,  Gymnem^  sOvtttrt 
etc..  Dits..  Erlangcn.  i895._Ta«,  Iltya  c^rn$stt,  BnlL  del  Lab.  ed  Orto  bot  della  Univ.  di  .siena, 
1H9S,  IP-  »<i-r,  a  tav.] 
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LOGANIACEAE. 

I.  Review  OF  THE  Anatomical  Features.  In  the  subsequent  description 
shall  follow  my  revision  of  the  Loganiaceae  in  the  'Natiirliche  Pflanzenfamiliei 
as  regards  the  delimitation  and  subdivision  of  the  Order.  The  classificatioi 
which  I  established  differs  essentially  from  that  in  Bentham  and  Hooker's  *  Gene: 
Plantarum/  and  is  the  result  of  an  exomorphic  and  endomorphic  investigatio 
Of  the  thirty- four  genera  enumerated  in  Durand's  Index,  the  three,  Gaertner 
Pagamea  and  Hymenocnemis,  should  be  excluded  from  the  Order  and  transf errc 
to  the  Rubiaceae ;  the  two  genera  Desfontainea  and  Plocosperma  may  beappendt 
to  the  remaining  genera  of  the  Loganiaceae  as  genera  dubia^  until  a  correi 
place  in  the  system  can  be  assigned  to  them.  Not  only  the  limits*  but  also  i\ 
subdivision  of  the  Order,  are  essentially  different  in  my  revision  from  what  the 
are  in  Bentham  and  Hooker's  work.  And  in  this  respect  the  anatomic 
features  proved  to  be  of  special  value.  With  the  help  of  these  characte 
the  genera  may  be  divided  into  two  large  groups :  the  Loganioidea 
which  are  distinguished  by  the  possession  of  intraxylary  soft  bast,  tl 
absence  of  glandular  hairs  (with  the  exception  of  the  glandular  shaggy  hair 
occurring  at  the  lower  limit  of  the  leaf -base  in  some  genera),  and  the  superfici. 
development  of  the  cork ;  and  the  Buddleioideae,  in  which  intraxylary  so 
bast  is  wanting,  while  glandular  hairs  are  present  (with  a  peltate,  flattened  hea^ 
which  is  bicelliilar  or  multicellular  owing  to  the  formation  of  vertical  walls),  ai 
the  cork,  as  a  rule  (with  the  exception  of  Polypremum  and  PeUantkera^  both  < 
which  have  superficial  cork-formation),  originates  in  the  pericycle. 

Apart  from  the  above-mentioned  anatomical  features,  which  are  so  impo 
tant  for  the  subdivision  of  the  Order,  it  may  be  pointed  out  that  in  all  cas< 
the  vessels  of  the  wood  have  chiefly  simple  perforations  (with  the  exception  < 
species  of  the  genera  Geniostoma^  Lahordia^  and  Mitreola,  in  which  scalarifon 
perforations  accompany  those  of  the  simple  type,  though  in  smaller  numbers 
and,  where  the  vessels  are  in  contact  with  parenchyma  of  the  medullar 
rays,  they  usuaUy  have  bordered  pits  only,  rarely  (in  species  of  Fagrofi 
Gomphostigma^  Buddleia)  accompanied  by  simple  pits ;  in  the  cortex 
composite  and  continuous  sclerenchymatous  ring  is  never  present  on  tl 
outer  side  of  the  bast ;  special,  internal  secretory  organs,  such  as  laticiferoi 
tubes,  &c.,  are  completely  absent.  The  type  of  stoma  is  not  uniforni ;  in  tt 
two  genera  Gelsemium  and  Strychnos  the  stomata  are  accompanied  by  subsidiai 
cells  placed  parallel  to  the  pore ;  in  many  Loganiaceae  the  stomata  are  sa 
rounded  by  three,  in  others  by  a  larger  number  of  epidermal  cells.  Oxalate  ( 
lime  is  excreted  in  the  form  of  ordinary  solitary  or  clustered  crystals,  snu 
crystals  of  various  shapes,  often  acicular  crystals  (in  many  cases,  especial 
the  members  of  the  Buddleioideae),  typical  cr3^tal-sand  (com/Aovm),  styloic 
{Bopiyunia,  Usteria)  or  styloid-like  crystals  (species  of  Strychnos). 

The  following  special  features  may  be  used  for  more  restricted  di. 
gnosis :  the  occurrence  of  a  mucilaginous  layer  beneath  the  upper  epidenn 
of  the  leaf  (species  of  Covtochlamys,  Mostuea^  Logania^  and  Mitrasacme)  ar 
of  mucilaginous  cells  in  the  mesophyll  (species  of  Geniostoma  and  Mitrasacmt] 
the  formation  of  papillae  on  the  lower  epidermis  of  the  leaf  (species  of  Stryckfn 


'  Kcvkw  of  the  new  clasMtkatioii :  1.  Ix>);anioidcac  :  I.  GeUemiMe:  G^lstmimm,  CotHc*  kSamn 
.Ucsfu(ii\  2.  I.opinieae :  J.oi^ania,  Gtniostoma^  Labordia\  3.  Spigelicae:  Spigtiim^  Murti^ 
Mttra:atMe\  4.  Antonieae :  Usteria^  l^onyunia^  Antonia^  Xorrina\  5.  Strychncfte :  Stry.kmi 
(ianintria,  Couthcvia\  6.  Ka^^raeeae :  hagraea^  Poiaiia,  Amtkocieista.  II.  Huddleioidcae :  h- 
;rtmnm,  Peltaptthira^  I^uxia^  Gomphosti^a^  Chilianthus^  Emarya^  liuddUia^  AJem^/^m^  AAu 
/.;4'ui,  .Vi\c(ftwi<i.     111.  (iincra  dubia :  Ploto.^perma7s.\))\  DeifontainetL, 
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and  Logania) ;  the  development  of  hypoderm  in  the  leaf  (species  of  Geniostoma^ 
Labor dia^  Bonyunia,  Antonia^  Narrisia,  Couihavia^  Fagraea^  Anihodeista^ 
Peltanthera,  and  Nuxia) ;  cork-warts  on  the  lower  side  of  the  leaf  (species  of 
Anthocleista  and  Fagraca) ;  branched  spioilar  cells  in  the  parenchyo^  of  the 
leaf,  pith  and  primary  cortex  (species  of  Fagraea,  AnihocUista,  Potalia ;  also 
in  the  tissue  of  the  leaf  in  species  of  Strychnos) ;  the  varied  structure  of  the 
external  glands  in  the  Buddleioideae,  the  peltate  terminal  portion  being  4-celled 
in  Polypremum,  while  inN uxia  it  is  sometimes  2-4-celled, sometimes many-ceUed, 
as  is  also  the  case  in  Peltanihera,  although  in  all  three  genera  it  has  a  circular 
outline,  whereas  in  the  other  genera  of  the  Buddleioideae  it  is  always  2-celled 
(Fig.  124,  A),  but  varies  in  the  shape  of  its  contour  ;  the  occurrence  of  charac* 
teristic,  four-rayed  steUate  hairs,  of  small  scales  (species  of  ChUianihus^  Gom^ 
phosiigma,  and  Buddleia),  or  of  candelabra-hairs  (species  of  ChiliatUhus  and 
Buddleia),  both  the  terminal  portions  and  the  tiers  of  which  consist  of  only  two 
cells  (Fig.  124,  B-E) ;  the  occurrence  of  wood-prosenchyma  bearing  bordered 
or  simple  pits  (differing  in  the  different  genera) ;  the  occurrence  of  lamellated 
cork  (characterLstic  of  Geniostoma^  Labordia^  and  Couthovia^  see  Fig.  125) ;  the 
development  of  a  ring  of  stone-cells  in  many  species  of  SUrychnos^  either  in  the 
middle  of  the  primary  cortex  or  in  the  outermost  portion  of  the  bast ;  the 
appearance  of  islands  of  soft  bast  in  the  wood  in  species  of  the  genera  Strychnos^ 
AfUonia,  Norrisia,  Bonyunia^  and  Logania^  of  medullary  groups  of  soft  bast 
{Antonia  and  Norrisia),  and  of  cortical  vascular  bundles  having  concentric 
structure  (Anlhocleisia), 

2.  Structure  of  the  Leaf.  The  leaf-structure  is  bifacial  in  most  cases. 
Centric  structure  of  the  mesophyll  rarely  occurs  {Logania  linifolia^  Schlecht., 
Nuxia  floribunda^  Benth.,  Gomphostigma  scoparioides^  Turcx.,  numerous  species 
of  Strychnos).  The  epidermal  cells  have  straight  or  undulated  lateral 
walls.  In  certain  species  of  Coinochlamys  (C.  angolana^  Moore),  Mosiuea  {M. 
Brunonis,  Dietr.),  Logania  (L.  serpyllifolia^  R.  Br.,  and  L.  cami>anulata,  R.  Br.) 
and  Mitrasacnu  (M,  canescens^  R.  Br.,  Af.  capillaris.  Wall.,  Af.  divergens^ 
Hook,  f.,  M.  nudicaulis,  Reinw.,  Af .  polymorpha,  R.  Br.,  M.  serpyllifolia^  R.  Br.) 
a  massive  mucilaginous  layer  occurs  beneath  the  epidermis  on  the  upper  side  of 
the  leaf.  A  developmental  investigation  is  necessary  to  determine  whether 
this  layer  arises,  as  one  may  assume  to  be  the  case,  by  gelatinixation  of  the 
inner  walls  of  the  upper  epidermal  cells.  I  have  not  met  with  isolated  epidermal 
cells  ha\ing  mucilaginous  internal  walls  in  any  member  of  the  Order ;  on  the 
other  hand,  cells  with  partially  gelatinized  waUs  are  present  in  the  spongy 
tissue  of  Mitrasacnu  canescens^  M,  nudicaulis^  M.  pilosa^  Labill.,  M.  polymorphic 
M.  serpyllifolia^  and  Geniostotna  angustifolium^  Bout.  In  BuddUia  americana^ 
L.,  and  AdtnapUu  sinuata,  Radlk.,  the  outer  walls  of  the  epidermal  cells  on  the 
u  jiper  side  of  the  leaf  are  arched  outwards  in  sub-papillose  form;  the  development 
of  papillae  on  the  lower  epidermis  is  likewise  rare  and  has  only  been  observed 
in  some  species  of  Logania  (L.  angustifolia^  Sieb.,  L.  floribunda^  R.  Br.,  and 
L.  revoluta^  R.  Br.),  as  well  as  in  Strychnos  lucida^  R.  Br.,  which  is  easily  distin- 
puished  by  this  character  from  the  very  closely  related  S.  nux  vomica^  L.  In 
certain  species  of  Strychnos  the  epidermal  cells  are  sometimes  divided  by  thin 
vertical  walls,  or  in  places  by  horizontal  walls  as  well.  The  latter  feature  leads 
u[)  to  the  occurrence  of  hypoderm,  which  has  been  demonstrated  in  certain 
>[xx:ies  '   of   Geniostoma^  Labordia,  Bonyunia^  Antonia,  Norrisia,  Strychnos, 


'  The  ipccici  in  qnettion  are :  Gtni^oma  am/^siifQlimm,  Boat.,  C.  piiioicsum^  Moore  et  F. 
V  Miill  ;  I.ahordia  fagnu^idia^  Gaud.,  Z.  jffabra,  Hillcbr.,  L.  kirtdla^  Mann,  Z.  hphocmrpa^ 
Ilillchr.  /.  memhranatea^  Mann,  L.  tinifriia^  Gray,  L,  injhrm,  Hillebr. ;  Bomyunia  superhm^ 
K  Schomb. ;  Antomm  ttMUa,  Pohl ;  N&rrisim  m^lacctmis^  Gardn.,  N,  tmmjar,  Solercd.;  Stty<kmes 
/fuJc^'uims,  St  Mil. ;  Comiktvia  dimsi/Urm,  K.  Sdram. ;  Fagraem  tuirumlMta,  Jack,  F,  Btrttriama^ 
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Couikovia^  Fagraea,  AnthocUisia^  PeUatUhera^  and  Nuxia.  The  number  of 
layers  of  hypoderm  varies  in  the  individual  cases  ;  sometimes  the  development 
of  hypoderm  is  restricted  to  the  upper  side  of  the  leaf,  but  it  may  be  found  on 
both  sides,  as  for  instance  in  most  species  of  Labardia  or  in  Banyumim.  There 
is  no  type  of  stoma  conmion  to  the  whole  Order.  The  stomata  o( 
Gelsemium  and  Sirychnos  belong  to  the  Rubiaceous  type ;  those  of  Gdsemium 
are  accompanied  on  either  side  by  a  single  cell,  those  of  all  species  of  Siiychun 
by  one  or  more  cells,  placed  parallel  to  the  pore.  In  the  majority  of  the 
remaining  genera  the  stomata  are  surrounded  by  three  subsidiary  ceUs,  although 
more  or  less  important  deviations  from  this  tvpe  sometimes  occur  in  the  same 
superficial  section ;  in  the  rest  of  the  Order,  ordinary  epidermal  cells 
surround  the  stomata  in  varied  numbers  and  without  special  airaDgement 
The  stomata,  as  a  rule,  occur  only  on  the  lower  side  of  the  leaf ;  in  the 
centric  leaves  of  Gomphosiigma  scopariaides  they  occupy  both  surfaces.  The 
approximately  parallel  arrangement  of  the  stomata  with  regard  to  the 
median  vein  in  Polypremum  procumbens,  L.  is  probably  connected  with 
the  acicular  shape  of  the  leaf.  The  smaller  veina  are  always  embedded; 
vertically  transcurrent  veins  have  not  been  observed  in  any  member  of  the 
Order.  As  a  rule  the  vascular  system  of  the  veins  is  not  accompanied  by 
any  sclerenchyma  or  only  by  a  small  amount ;  it  is  only  in  the  species 
of  Strychnos  that  a  stronger  development  of  this  tissue  is  sometimes  found 
in  the  form  of  a  ring  of  sclerenchyma.  Not  uncommonly  the  biccdlateral 
nature  of  the  vascular  bundles  in  the  Loganioideae  can  be  recognized  in  the 
larger  veins  of  the  leaf,  as  for  instance  in  the  species  of  Sirychnos ;  but  in  some 
of  these  species  the  upper  (internal)  soft  bast  alone  is  developed  (e.g.  in  5.  CmsUt* 
naei,  Wedd.  or  5.  acuta^  Prog.),  while  the  lower  (external)  bast  is  entirely 
or  almost  entirely  abortive.  In  the  latter  case  the  transverse  sections  of  the 
veins  have  a  curioiLs  ap()earance,  their  vascular  system  appearing  inversely 
orientated  as  regards  the  position  of  the  xylem  and  phloem.  The  foUowing 
special  features  in  the  leaf-structure  may  also  be  mentioned :  the  frequent 
presence  of  fatty  bodies  in  the  assimilatory  tissue,  the  occurrence  of  structures 
resembling  cork-warts  on  the  lower  surface  of  the  leaf  in  AnihocleisU  ncbilis^ 
Don.,  A,  inermis,  Engl.,  and  Fagraea  WaUichiana,  Benth.,  and  of  branched 
sclerenchymatous  cells  in  the  tissue  of  the  thick  and  fleshy  leaves  in  species  of 
the  genera  Anthocleista,  Fagraea,  and  Potalia.  The  elements  just  referred  to, 
especially  those  situated  in  the  spongy  tissue,  belong  to  the  category  of  internal 
hairs,  since  they  are  not  in  intimate  connexion  with  the  neighbouring  cells  on 
all  sides,  but  have  their  arms  projecting  freely  into  the  intercellular  spaces  of  the 
mesophyll .  Branched  sclerenchymatous  cells  of  this  type  are  also  met  with  in  the 
axis  of  the  three  genera  named  above,  occurring  in  the  pith  and  primary  cortex. 
They  were  found  in  the  ground-tissue  of  the  axis  in  all  investigated  species  of 
these  three  genera  ;  in  the  leaf-tissue  they  are  absent  only  in  Fagraea  BerUnmna^ 
A.  Gray.  In  this  connexion  it  may  be  mentioned  that  more  or  less  distinctiy 
branched  stone-cells  have  also  been  observed  in  the  mesophyll  of  some  species 
of  Strychnos  (5.  axillaris,  Colebr.,  S.  Benihami,  Clarke,  5.  Mdinoniana^  0aiD.« 
5.  pubescens,  Clarke). 

In  the  following  remarks  the  hairy  covering  will  be  described  separately 
for  the  Loganioideae  and  the  Buddleioideae.  Amongst  the  Loganioideae  simple 
unicellular  or  uniseriate  hairs  are  found  in  numerous  genera.  It  is  impossible 
to  enter  into  details  as  to  their  structure,  which  sho\%'s  various  types  and  some- 
times, e.g.  in  Strychnos,  has  sjxjcific  value.    The  stellate  hairs  of  the  species  of 


A.  Gray.  F.  eiliNua,  Roxb.,  /'.  fra^ans,  Roxb.,  F.  KMasiama,  Benth.,  F,  Imtutolaia,  BL,  F.  \ 
foiia,  BI..  F.  oicvaia.  Wall.,  F,  nuemcsa.  Jack;    AntkocltiUa  inirmh,  Eoj;!.,  A.  mMHt,  Dcm  ; 
PeitoMthfraJtorUmnda,  Benth. ;    Nuxia  capitaia,  Bak.,  N,  cmg^sia,  R.  Br.,  A^  c^nsemt  Soloed.* 
X.  emargituUa,  Sond.,  NJIoribunda^  Benth.,  N.  vertiallata.  Lam. 
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Spieelia^  belonging  to  the  section  Tomentosae,  constitute  a  special  form  of 
trichonie ;  they  are  composed  of  unicellular  hairs,  united  in  tufted  form  and  in- 
serted upon  a  short,  conical,  multicellular  pedestal.  Glandular  hairs  are  wanting 
on  the  surface  of  the  leaf  and  branch,  but  glandular  shaggy  hairs  have  been 
observed  on  the  leaf-base  in  Sirychnos  and  Fagraea.  In  Sirycknos  nux  vomica^  L^ 
5.  lucida^  K.  Br.,  5.  dnnamamifolia^  Thw.  and  others,  they  cover  the  hollows 
which  are  found  at  the  base  of  the  petiole  enclosing  the  axillary  buds,  and  form 
an  additional  protection  to  the  latter.  The  ellipsoidal  head  of  these  hairs 
consists  of  a  multiseriate  central  group  of  cells  enclosing  solitary  crystals, 
continuous  below  with  the  short  stalk  and  surrounded  by  a  one-layered 
sheath  of  secretory  palisade-cells.  A  similar  structure  is  shown  by  the  glandular 
shaggy  hairs  of  Fagra€a  auriculaia^  Jack,  which,  according  to  Burck,  serve  to 
attract  ants  for  the  protection  of  the  flowers,  but  here  the  cells  of  the  central 
group  are  in  part  sclerosed,  and  filled  with  small  acicular  crystals,  while  the 
palisade-Uke  sheathing  cells  form  several  layers  and  commonly  contain  small 
clustered  crystals. 

In  the  Buddleioideae  ordinary  uniceUular  or  uniseriate  trichomes  are  not 
found,  while  glandular  hairs,  with  flattened  heads,  and  exclusively  divided  by 
vortical  walls,  are  of  general  distribution  in  this  tribe.  The  heads  of  these 
hairs  consist  ol  four  or  more  celk  (or  exceptionally  of  a  smaller  number)  in 
Polyf>remum,  PeUanthera,  and  Nuxia^  but  in  the  remaining  genera  of  the 
Buddleioideae  they  arc  two-celled.  Polypremum  has  small  glandular  hairs, 
whjch  are  deeply  depressed  in  the  tissue  of  the  leaf,  and  have  a  four-celled  head. 
Xuxia  ceriacea,  Solered.  is  the  only  species  of  its  genus  which  has  for  the 
most  part  glandular  hairs  with  four-celled  heads,  accompanied  by  less  numerous 
hairs  with  two-  or  three-celled  heads ;  other  species  of  Nuxia  have  glandular 
hairs  with  a  ()eltate  head  of  more  numeroas  cells  side  by  side  with  the  four- 
cillcd  form,  and  a^ain  in  other  species  of  Nuxia  and  in  the  genus  PeUantkera 
tlie  former  ty\ie  only  is  present.  The  stalk  of  the  glandular  hairs  is  uniceUular 
in  the  three  genera  referred  to  above,  and  in  Nuxia  and  PeUantkera  it  is  often 
distinguished  by  strong  thickening  of  the  cell-walk.  In  the  remaining 
Buddleioideae  (Fig.  124,  /f )  the  head  of  the  glandular  hairs  either  has  an  elliptical 
outhnc,  in  which  case  the  division-wall  between  the  two  cells  forming  the  head 
may  coincide  either  viith  the  greater  or  lesser  axis  of  the  ellipse,  or  it  has  a 
quadrangular  outline,  the  four  comers  then  being  draviTi  out  like  laciniae.  In 
addition  to  a  stalk-cell,  which  has  rather  thick  and  often  yellow  walls,  the  epi- 
dermal  cell  from  which  the  hair  arises  sonietimes  takes  part  in  the  formation 
of  the  stalk,  inasmuch  as  it  is  raised  above  the  level  of  the  neighbouring 
cells.  From  the  glandular  hairs  with  a  quadrangular  outline,  and  comers 
drawn  out  as  laciniae,  we  naturally  pass  on  to  the  characteristic  clothing 
liairs,  occurring  in  nearly  all  Buddleioideae  (exceptions  :  Polypremum^  Nuxia^ 
PeUantkera),  and  firstly  the  stellate  hairs  *.  These  stellate  hairs  consist  of 
the  ray-portion  and  of  an  almost  spherical  yellow-coloured  stalk-cell,  seated  upon 
an  epidermal  cell,  which  is  sometimes  raised  Uke  a  pedestal,  and  thus  forms 
[»art  of  the  stalk.  The  ray-|X)rtion  is  comjx>sed  of  two  (mostly  two-rayed) 
cells,  ex{>anded  in  one  plane,  and  each  with  a  lower  tubular  part  which  contri* 
hutes  to  the  formation  of  the  stalk  (Fig.  124,  B-C).  In  certain  species  of 
BtiddUia  and  ChUianthus  (e.g.  B,  salvias  folia.  Lam.,  Fig.  124,  A  and  C. 
lobulatu^,  Benth.)  the  stellate  hairs  are  replaced  by  candelabra-hairs.  These 
trichomes  show  the  following  characters  :  each  tier  is  constructed  Uke  the 
ray-{>urtion  of  a  stellate  hair — but  with  the  difference  that  the  two  celb  form 


*  The  coffio«xion  between  the  glAodnlu  and  clocbing  iuir«  i«  alto  imrticaUrly  clearly  dcmooatimtcd 
by  lotenBediate  fenaa,  which  lomrti^ci  cccur  00  the  oater  aide  ol  the  corolU  ot  NkmUmia 
ruftuiU},  Solered. ,  tad  are  conpoicd  ol  hall  a  tCellatc  hair  and  hall  a  gUodular  hair. 
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a  kind  of  stalk  above  as  well  as  below ;  the  cells  composiiig  the  successive 
tiers  are  placed  at  right  angles  to  one  another,  and  the  tiers  are  united  by 
almost  spherical  cells  with  yellow  walls.  It  may  be  added  that  the  stdlate 
hairs  may  either  have  thick  walls  and  narrow  lumina,  as  in  Chilumihus 
dysophyllus^  Benth.,  Buddleia  americana,  L.,  Adenoplea  sinimUi^  RaiUk^  and 
nicodemia  diversifolia^  Ten.,  or  wide  lumina  and  relatively  thin  waUs*  as  in 
Adenoplusia  axillaris,  Radlk.,  and  that  the  cells  of  the  ray-portion  may  some* 
times  (e.  g.  in  Buddleia  americana)  show  more  than  two  rays.  If  <me  imagines 
the  surface  which  bears  the  rays  in  these  many-rayed  stdlate  hairs  to  be  in- 
creased, small  scales  (Fig.  124,  E)  would  result,  such  as  have  been  observed  in 


Fig.  124.    Hairy  anerinf  of  the  BaddleiokfeM  :  Ai-A«,  GluMkUr  hain  ol  BmiUBtim  4 
tnuitverse  aection,  Ay-A4,  in  «irfacc-irirw ;  B|-B.,  fov-«nDed  ttttlkte  hair  of  the  une  ip« 
side,  •«,  in  «irface>view ;  c,  mx-r^jrA  alellate  hair  of  the  taine  ■pecka.    o,  Caadelabrm4Mir  of  i 
foUm,  Lam.    B,  Pelute  hair  of  C^mpkotUgwtm  t€9pmrioidt»,  Tarci.— Oripaal. 
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Gomphostigma  scoparioides^  Turcz.  and  G.  incanum^  Oliv.,  Chilianikus  arboreus^ 
Benth.  and  within  the  genus  Buddleia  ('  B.  lanceolata^  Benth.,  J.  D.  Smith, 
n.  2148,  Guatemala ').  The  division-line  between  the  two  celb  of  the  scale 
has  an  undulated  course  in  Gomphostigma,  elsewhere  it  is  straight.  Lastly, 
we  may  mention  the  peculiar  branched  hairs  of  Nuxia  emarginaia^  Sond. ;  they 
have  a  kind  of  sympodial  structure,  inasmuch  as  the  basal  part  of  each  hair-cell 
belongs  to  the  main  axis  of  the  trichome,  whilst  the  apical  portion  forms  a 
lateral  branch. 

Oxalate  of  lime  is  excreted  in  various  forms,  as  has  been  explained  above. 
Clustered  crystals  are  conunon,  and  may  be  accompanied  by  scditary  crystals  or 
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some  other  form  of  oxalate  of  lime  in  the  same  species.  Special  mention 
may  be  made  of  the  large  clustered  crystals  occurring  in  correspondingly 
large  cells  of  the  mesophyil  (species  of  Strycknos^  UsUria  guineensis^  Willd.)» 
and  the  clustered  crystals  in  the  veins  of  the  leaf  of  Strychnos  Martiu  Prog,  and 
S.  parvi folia,  A.  E>C.,  which  cause  the  '  nervuli  scabro-punctulati '  of  svstematists 
and  afford  a  ready  means  of  distinction  between  the  species  named  and  other 
ver>*  similar  species  (S.  brasilunsis^  Bfart.  and  S.  breviflora^  A.  DC.).  Except  in 
Strychnos,  the  ordinary  large  soUtary  crystals  are  in  fact  rare  (species  of  Mosttua^ 
Gardneria)  in  this  Order,  and  a  true  sheathing  of  the  veins  with  soUtary  crystals  is 
found  in  Strychnos  only  Smaller  (sometimes  minute)  and  variously  shaped 
solitary  crystals  are  commoner  (species  of  Geniostoma,  Labordia,  Polypremum, 
Ad^noplusia) ;  small  acicular  crystals  are  still  more  frequently  met  with  (species 
of  Logania,  Spigelian  Fagrata,  Poialia,  AnthocUista,  PeUanihera^  Nuxia,  Gompho- 
stigma,  ChiliatUhus,  BuddUia).  Typical  crystal-sand  Is  characteristic  of  the 
genus  Couihovia^  w  here  it  is  found  in  the  axis  and  leaf.  The  occurrence  of  small 
crystalline  granules,  which  are  met  with  in  the  same  cell  as  an  ordinary  solitary 
crystal  (for  example,  in  many  species  of  Strychnos)  must  not  be  confused  with 
this.  Styloids  have  been  observed  in  the  bast  and  primary  cortex  of  UsUria 
(side  by  side  ^ith  clustered  crystals  in  the  axis  and  leaf)  and  in  the  interxylary 
phloem  of  Bonyunia  (side  by  side  with  clustered  crystals  in  the  pith).  Finally* 
styloid-hke  crystals,  viz.  twin  crystals,  combined  in  the  shape  of  a  V,  but  at 
a  more  obtuse  angle,  are  characteristic  of  a  group  of  very  closely  related  species 
of  Strychnos  (5.  brasili^nsis.  Mart.,  S.  breviflora,  A.  DC.,  S.  Grayi,  Griseb.,  S. 
macroacanthos.  Prog.,  S.  micraniha.  Spruce,  S.  nigricans.  Prog.,  S.  Poeppigii, 
Prog.,  S.  subprnninrrvis,  Solered.,  Martins,  Obs.  n.  3061  in  Herb.  Monac.)  and 
can  be  recognized  even  with  a  lens  as  transparent  dots. 

3.  Structure  of  the  Axis.  It  may  again  be  speciaUy  pointed  out 
that  all  the  genera  of  the  Loganioideae  have  bicoUateral  vascular  bundles,  while 
all  the  Buddl«ioideae  have  simple  collateral  bundles.  The  intrazylaiy  soft 
bast  is  variously  differentiated  in  the  individual  spedes  of  the  Loganioideae. 
It  either  forms  a  ring  completely  surrounding  the  pith,  or  isolated  bundles 
of  soft  bast  are  situated  opposite  all  or  some  of  the  vascular  bundles  of  the 
branch.  In  very  many  cases  the  intrax)iary  phloem  undergoes  secondary 
growth  by  means  of  a  cambium. 

Regarding  the  structure  of  the  pith  it  may  be  mentioned  that  the  cells  of 
this  tissue  are  in  many  cases  unUgnified,  but  that  in  certain  species  of  Strychnos 
groups  of  stone-cells  occur,  while  in  certain  species  of  Gardneria,  Couihovia^ 
Spigelia,  and  UsUria,  there  are  elongated,  sderenchymatous  parenchyma- 
cells,  and  in  the  species  of  Fagraea,  Potalia^  and  AnthocUisUi  branched  sderen- 
cli>*matous  cells. 

The  structure  of  the  wood  may  be  described  as  follows.  The  vessels, 
as  might  be  expected,  vary  greatly  in  their  diameter,  which  is  very 
>mall  in  a  large  number  of  cases.  The  perforations  of  the  vessels  are  ex- 
clusively of  the  simple  type  in  alnaost  all  the  genera.  Spedes  of  Gtniostoma^ 
Labor Jia,  and  Mitreola,  alone  form  exceptions;  in  these  [dants  scalariform 
[x?rforations  with  few  bars  or  malformed  scalariform  perforations  also  occur, 
imt  in  subordinate  numbers.  Spiral  thickening  of  the  vessel-wall  has  been 
ol^Tved  in  Logania  floribunda,  R.  Br.,  L.  angusHfolia,  Sieb.,  £.  linifolia, 
Schlecht.,  Chilianthus  arboreus^  Benth.,  Bu£Ueia  macrosiachya,  Benth., 
Gomphostigma  scoparioideSj  Turcz.,  Nuxia  floribunda,  Benthu,  and  Nicodemia 
ditrrsi folia.  Ten.  The  vessel-walls,  where  they  are  in  contact  with  parenchyma, 
have  ordinary  bordered  pitting ;  in  the  genera  Fagraea,  GompkosHgma  and 
BuddUia,  we  find  bordered  pits  accompanied  by  others  transitional  to  simple 
pits.  The  wood-parench>ina  is,  as  a  rule,  only  developed  to  a  smaU  extent. 
A  more  abundant  development  of  this  tissue  occurs  only  in  certain  spedes  of 
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Strychnos  and  Fagraea.  The  medullary  ravs  of  the  wood  are  invaiiaUy  nazrow, 
attaining  at  the  utmost  a  breadth  of  four  ceUs  {Anikocleista  inermis^  Engl-)-  ^^ 
wood-prosenchyma  has  either  thick  walls  and  narrow  lumina,  or  thiimer  walls 
and  correspondingly  wider  lumina,  and  bears  either  bordered  or  simpk  pits. 
The  nature  of  the  pitting  of  the  wood-prosenchyma  is  not  always  easy  to  deter- 
mine.  According  to  my  investigations,  the  prosenchyma  has  bordered  pits  m 
Gelsemium^  Mosttua,  Usteria  (typical  }),  Banyunia  (tjrpical  ?),  AnUmim  (tjrpical  ?). 
Norrisia  (typical  ?),  Strychnos,  Couthovia  and  Polyiremum ;  on  the  other  band, 
it  has  simple  pits  in  Coinochlamys,  Logania  (here  toe  same  applies  to  numerous 
tracheids  as  well),  Geniostoma,  Labordia,  Spigelia^  Miireola^  Miirasacwie^ 
Gardneria,  Fagraea,  Potalia,  AnthocUista,  PeliatMera^  Nuxia^  GampkosiigmM. 
Chilianthus,  BuddUia,  Adenoplusia  and  Nicodemia.  Septation  of  the  simple- 
pitted  wood-prosenchyma  has  been  observed  in  species  of  Coinoddamyi, 
Geniostoma,  Labordia,  Fagraea,  Peltanthtra  and  Nicodemia, 

The  structure  of  the  cortex  also  affords  valuable  characters  for  special 
diagnosis.  In  the  Loganioideae  the  origin  of  the  cork  is  superficial  in  aU 
investigated  cases '.  Of  the  Buddleioideae  only  the  two  genera  Poiypremum  and 
Pelianthera^  which  are  somewhat  anomalous  in  other  respects  also,  agree  with 
the  Loganioideae  in  this  feature.    The  remaining  genera '  of  the  Budcfieioideae 

exhibit  pericycUc  development  of  cork.    In 

the  superficial  origin  of  the  cork  it  is 
usually  the  outermost  cell-layer  of  the 
primary  cortex  which  becomes  the  phei- 
logcn,  more  rarely  the  epidermis  itself  (5^ 
gelia  glabrata.  Mart,  and  certain  species  of 
Strychnos)  or  a  somewhat  deeper  layer  of 
the  primary  cortical  parenchynia  (certain 
species  of  Strychnos  and  Logania).  In  the 
case  of  pericyclic  origin  of  the  cork,  the 
phellogen  appears  internally  to  a  concenthc 
Fig.  ijs.  L«meiut«i  rork  of  cvi»*ma«m    zone,  defined  by  groups  of  sderenchyma,  at 

rupesire,  Font.— Original.  ^»^  ^  -  r*«  X      ,  ' 

the  outermost  margin  of  the  soft  bast. 
In  all  cases  the  cork-cells  usually  have  wide  lumina,  the  walls  being  either 
thin  or  thick  ;  cells,  sclerosed  on  one  side  only,  are  met  with  in  the  cork 
of  species  of  Strychnos  and  Geniostoma^  as  well  as  in  Bonyunia  superba^ 
R.  Schomb.  ;  stone-cells  are  found  in  the  cork  in  species  of  Fagraea.  A  dis- 
tinctly peculiar  kind  of  cork,  which  I  call  lamellated  cork  (Fie.  125),  is  charac- 
teristic of  the  genera  Geniostoma,  Labordia,  and  Couthovia.  In  the  fonnatioo 
ot  this  tissue  the  successive  cell-layers  of  the  primary  cortex,  commencing  with 
the  outermost  layer,  develop  in  turn  into  cork-cambium;  each  phellogen  only 
produces  a  few  (i  or  2)  layers  of  cork-cells,  and  then  becoming  extinct,  is 
itself  transformed  into  cork-cells.  The  individual  lamellae  of  the  lamellated 
cork  thus  correspond  to  the  2-3  layers  of  cork-cells,  formed  by  the  activity  of 
each  phellogen  ;  in  the  individual  lamellae  the  cork-cells  of  the  outermost  layer 
have  the  widest  lumina  ;  the  remainder  are  compressed  in  a  radial  direction. 
In  a  certain  number  of  the  snecies  of  the  genus  ikniostoma  (G.  angusiifolimn^ 
Bout.,  G,  parviflorum,  Boj.,  d,  pedunculatum,  Boj.),  in  which  each  lamella  of 
the  cork  consists  of  only  two  layers  of  cells,  the  inner  of  these  two  layers  consists 
of  cells  sclerosed  and  pitted  on  the  inner  tangential  and  the  radial  walls. 

As  regards  the  remaining  features  in  the  structure  of  the  cortex,  the  most 
important  fact  is,  that  a  composite,  continuous,  sclerenchymatous  ring  does  not 

'  Thoc  .ire  :  I.Of^auia,  Ceuicstoma,  Labordia^  Spigelian  AnSania,  Mfrn'sia,  Stwyikm^s,  Ccmikmm, 
J  a,,,  at  a,  Antk^iUista. 

*  The  fiillowinf;  };enera  have  been  inveitif^ated  with  rei^'anl  to  this  particular :  «ViuM,  G^m/JU" 
itit^ma^  i'hiiiaHihus,  Kmotya^  liuJiiitia,  Atienofiusia  and  Xuoditmia, 
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occur  at  the  ootcrHimt  of  the  bast  in  any  member  of  the  Older.  Inpboeofthif» 
there  are  dthergroaiB  of  aclerendiymatoiis  n>d-ceD8(mcie8  ^ 
PeUaniherm  and  Nicodgmim)^  or  sderenchymatoos  mxes*  irtiich  may  occur  in 
small  numbers  or  in  the  form  of  iscJated  bundles,  or  huttly,  may  conatiUite  a 
loose  ring,  and  are  sometimes  associated  with  sckreachyma  oif  the  rod-ceD 
type  (species  of  GHttmimmt  Lopmm^  GemoUomm^  LsbaHKm,  SpigtUm,  MUmoU^ 
VsUna^  GorifUfim^  Sityekmos^  Cauthovim^  FamMs;  PaiMi^  Potypfmmmm,  Nwum^ 
Gcmf^asHgmM,  ChOiMgHti,  BMidimm  and  Aimoplmtui);  in  a  third  series  of 
cases  no  sderenchymais  present  at  the  outer  limitof  thebast  (spedesof  CWiio- 

Narrisim^  Sirychtias,  Omthomm^  Frngnum  and  AmihocUitiM).  The  occurrence  of 
branched  sderenchymatous  odk  in  the  primary  cortical  parenchyma  is  chara^ 
teristic  of  the  genera  FafnsM»  PditM^  and  AnAocUukL  Ordinary  stoneHxlls 
are  not  uncommcmly  present  in  the  primary  cortex  (e.g.  in  G^nkihmm  ff^vi^ 
fionm^  Boj.,  LtbcfiU  fmpymidsM^  Gand^  Ac.) ;  in  Logmnm  swi^pyBifokM^  tL  Br. 

they  are  elongated  in  the  vertical  direction  after  the  manner  of  rod-ceDs.  True 
stratification  of  the  bast  by  means  of  bast-fibres  has  not  been  observed  in  any 
member  of  the  Order.    On  the  other  hand,  sderenchymatous  oelk,  resemblin£ 


rod-cells,  occur  in  the  bast  in  many  cases,  e.g.  G^miotkmim  oosImm,  Boj.  and 
G.  Cumingimnmt^  Benth.,  LMboriim  frngNmUbm^  Gaud,  and  JL  lophoemf^ 
HiUebr.,  ftc.  It  may  be  added  that  the  majority  of  the  species  of  Sirvchmoi 
possess  a  ring  of  stone-cells  in  the  cortex ;  this  ring  is  situs^  in  the  middle  <rf 
the  primary  cortex  in  a  certain  number  of  the  spedes,  whilst  in  some  others  it 
lies  in  the  outermost  portion  of  the  bast.  In  the  latter  case  tihe  ring  of  stone- 
cells  is  usually  only  separated  from  the  primary  bast-fibres,  mmdng  the 
outer  limit  of  the  phloem,  by  small  eroups  of  soft  bast,  in  which  it  has  been 
shown  that  sieve-tubes  occur.  The  absence  ol  a  ring  of  stone-ceDs  is  charac- 
teristic of  certain  spedes  of  Siiydmos,  while  others  are  distinguished  by  the 
presence  of  this  tissue,  dther  in  the  bast  or  in  the  primary  cortex. 

I.  The  ring  of  stooe-cdb  is  wanting  in  the  cortex  of  :Slrydb«MactilMls,S 
5.  h^evifiorfy  A.  DC,  5.  Gtmyi^  Griseb.,  5.  wdcnmAm^  Spruce,  5.  fiignetHU^  Poepp., 


5.  Po^ppigiu  Pkiog.j[lierethere  are  ool^iKilated  nonps  dl  stone-ccBs  internal  totfae|ii- 


mary  hard  bast),  5.  std>ptmmn§nri$9  Solered.  IL  The  ring  oi 
the  outermost  portion  of  the  bast  in  5.  mmgutOfkMm,  Benth.,  5.  Bmrtmi^  Soiered., 
5.  b^msiiisnsis^  Mart.,  5.  dummmomn/oKm,  Thw.,  5.  Gmmhkmmu^  Ftem,  5.  hicii^ 
It  Br.,  5.  Mmngmyi^  Clarke  var.  /mdMOsa,  Clarke,  5.  mimp  apimVa,  L^  5. 


WalL,  5.  potmUmtm.  L.  fiL,  ud  5.  TimU^  Lesch.    IIL  The  riM  of  stooe-cdls  Is 


found  in  the  middle  of  the  primary  cortex  in :  5.  sfuwiwefs,  WaB.  eoMnd.  Claikeb 
5.  actcto.  Prog.,  5.  sM/lora,  nog.,  $.  AlUniaim^  Harv.,  5.  anKsrw,  CoMir.,  5.  B§d^ 
damm^  Clarke,  5.  BsntMmmi,  Oane,  5.  Aractosfs,  Ruis  et  Psv.,  5.  bimMim,  Sprnoeb 
5.  CmsMnmn.  Wedd.,  5.  rAtoraarta,  Prog.,  S.  IMmOii.  Oaike^  5.  BHikmmii,  R. 
Schonb.,  5.  Gariifiifi,  A.  DC,  5.  fMra,  Plnog.,  5.  kmckmnu  Kant,  5.  MrtMis, 
Spruce,  5.  Hcr^iMumm,  Miq.,  5.  mmocmm.  DeL,  5.  ImrmimiM.  Ifio.,  5.  teKM< 


Spnice,S.Aii«rtflUHWa]L,5.Awa,Solered.(hereinadditkatfaemfeapUodflcaialring 
of  stone^eUsKS.  JI#at«favi,Clarke,  5.fHaAKC#am,BeBtiL,S.  Jfailn,!¥og.,  S.M$iMm. 
Sagot,  5.  MMnamimmm^  BailL,  5.  fMoaos^arMa,  Ifiq.,  5.  mmUMpm,  Bsnth.,  S.pml§m 
hanica,  Miq..  S.pmmiadmim^  Champ.,  5.^am^olM,  A.  DC,  5.  tmiumrmlMfm,  BentlL, 
5.  pseudoquinm^  St.  HiL,  5.  p$iia$fSrmm^  F.  v.  yfilL,  S.  pmbiscmu^  Clarke,  5.  roarfsft- 
iioides.  Spruce,  5.  Romkmnom,  wnth.,  5.  mMftfiefa,  A.  DC,  S.  m/s,  Clarke,  5. 
'^ ^  ^    *   im),5.j»M  -    -     - 


rufisctns,  Solered.  (Kappler  a.  314S,  Surinam),  5.  ji/tftwaiivij,  Clarke,  5. 
Bcnth.,  5.  s^'nosa.  Lam.  (here  in  additkn  there  is  a  pheOodermalringof  stone  cdli)» 
5.  subcofdmU^  Spr.,  5.  TkwmiHiiU  Solered,,  S.  §omtm$9$^  Benth.,  5.  toM^mm.  Schomb., 
5.  thniUnsis,  Griseb.,  5.  inpUmmmim^  Mart,  5.  IFalTicAfma,  Benth. 

To  conclude  the  description  of  the  axis  we  have  still  to  deal  with  such 
structural  anomaHta  as  occur  in  the  Order,  excepting  the  bJcoBateral  nature  of 

Krtiatoui  II  n 
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the  vascular  bundles,  which  has  already  been  discussed  in  detail ;  these  anomalies 
are  as  follows  :  medullary  groups  of  soft  bast  or  medullary  vascular  buDdle^, 
cortical  bundles  and  interxvlary  phloem.  Medullary  groups  of  soft  bast  are 
found  in  the  two  very  closely  related  genera  Ankmia  smd  Nanisim^  oiedullary 
and  cortical  vascular  bundles  in  AtUkocUisia  (A.  inermis^  Engl.).  The  cortical 
bundles  of  AfUhocldsia  have  concentric  structure  with  central  x^em.  Inter- 
xylary  soft  bast  has  been  shown  to  occur  in  the  monotypic  genus  Ankmia, 
in  both  species  of  Norrisia,  in  the  monotypic  genus  Bonyuma^  in  very  many 
species  of  Strycknos^  and  finally  in  Logania  serpyUifoUa^  R.  Br.  var.  angusUfoUa^ 
Benth.  (Preiss  n.  1242,  Nov.  HoU.).  It  is  still  an  open  question  whether  the 
islands  of  soft  bast  in  the  wood  are  characteristic  of  the  entire  genus  Strycimos, 
but  it  is  not  impossible  that  this  may  be  the  case,  according  to  my  own  investi- 
gations. As  will  be  stated  more  fully  elsewhere,  I  have  only  been  able  to  prove 
the  occurrence  of  islands  of  soft  bast  in  herbarium-material,  in  a  certain 
number  of  the  species  and  not  in  the  remainder.  Even  the  investisatioo  of 
herbarium-material  has  howevershown  that  in  certain  species  (such  as  S.  rotuUe* 
Hoides^  Spruce,  5.  pseudoquina^  St.  Hil.,  5.  Gardneri,  A.  DC.,  5.  Roukattum^  Benth.. 
or  5.  glabra^  Prog.)  the  soft  l^t  only  appears  in  the  later  growth  of  the  wood* 
while  suitaUe  material  of  the  stem  and  branch  of  5.  numosperma^  Mia.,  which 
I  obtained  through  Treub  from  the  Buitenzorg  garden,  showed  that  the  inter- 
xylary  phloem  may  sometimes  make  its  appearance  even  at  a  very  late  stage ; 
and  this  was  confirmed  by  studying  the  structure  of  a  thick  axis  of  o.  CasielmMet, 
Wedd.  (in  the  wood-collection  of  the  Museum  at  Munich).  But  it  was  poanble 
to  draw  a  further  conclusion,  though  with  a  certain  amount  of  reserve,  from 
the  abundant  material  I  had  for  investigation,  namely  that  the  early  or  late 
appearance  (or  possibly  the  absence)  of  the  islands  of  soft  bast  is  of  value  for 
specific  diagnosis.  In  this  respect  the  following  statements  possess  more  than 
a  merely  statistical  value. 

Islands  of  soft  bast  have  been  observed  in  the  wood  in  herbarium-material  of  : 
Strychnos  acuminata,  WalL  emend.  Clarke,  5.  angusHflora,  Benth.,  5.  AihtrUomn, 
Harv.,  5.  Beddomei,  Clarke,  5.  cinnamomifolia,  Thw.,  5.  Erichsaniu  R-  Schomb., 
5.  Gardneri,  A.  DC.,  5.  Gaultheriana,  Herre,  5.  glabra.  Prog.,  5.  HarsfisUkmmm^  Clarke, 
5.  hypogyna,  Clarke,  5.  innocua,  DeL,  5.  lanceolaris^  ^19**  ^-  l^urina^  WalL,  5.  imdda. 
R.  Br.,  5.  Maingayi,  Clarke  (incL  var.  fruciuosa,  Clarke),  5.  muUi/lorm^  Benth., 
5.  nux  vomica,  L.,  5^  ovalifolia,  WaU.,  5.  paniculata.  Champ.,  5.  Po^Pfrign,  Pirog.. 


5.  potatorum,  L.  fil.,  5.  pseudoquina,  St.  HiL,  5.  rondeletioidss,  Spmoe, 

Benth.,  5.  rufa,  Clarke,  5.  septemnervis,  Clarke,  5.  smitacina,  Benth.,  5.  tubcordmia. 

Spruce,  5.  ThwaiUsii,  Solered.,  5.  TietUe,  Lesch.  and  5.  WaUickiana^  Benth. 

Islands  of  soft  bast  could  not  be  demonstrated  in  herbarium-material  of :  5. 
aculeata,  Solered.,  5.  actUa,  Prog.,  5.  albiflora.  Prog.,  5.  axillaris,  Colebr.,  5.  BmrUn. 
Solered.,  5.  Benthami,  Clarke,  5.  brachiata,  Ruiz  et  Pstv.,  5.  brmsiiimuis^  Mart., 
5.  breviflora,  A.  DC.,  5.  brevifolia,  Spr.,  5.  Castelnaei,  Wedd..  5.  ckhrmnikm.  Prog., 
5.  Dalxellii,  Clarke,  5.  Grayi,  Ghseb.,  5.  haclunsis,  Karst..  5.  Atrstila,  Sprace,  5. 
Sanceolata,  Spruce,  5.  laxa,  Solered.,  5.  malaccensis,  Benth.,  5.  Mmrtii,  KToc.,  5. 
hUdeola,  Sagot,  5.  Melinoniana,  BailL,  5.  micrantka.  Spruce,  5.  mamasperm^miq., 
5.  nigricans,  Poepp.,  5.  paUmbanica,  Miq.,  5.  parvifoiia,  A.  DC,  5.  paduncuimia, 
Benth.,  5.  psHospirma,  F.  v.  Mull.,  5.  pubescens,  Clarke,  5.  rubifino$m^  A.  DC.. 
5.  rufescens,  Solered.,  5.  spinosa.  Lam.,  5.  subpenninsrvis,  SolerecL,  5.  iomteniosM^ 
Benth.,  5.  toxifera,  Schomb.,  5.  trinitensis,  Ghseb.,  and  5.  triplinervia.  Mart. 

As  to  the  occurrence  of  the  interxylary  phloem  in  Logania  serpyllifolia  var.. 
I  only  found  a  single  lamella  of  soft  bast  (with  sieve  tubes)  in  the  wood  of  thr 
piece  of  branch  examined.  The  development  of  the  interxylary  phloem  ha> 
only  been  followed  in  detail  in  the  genus  Strychnos.  Contrary  to  the  statement^ 
of  the  earlier  observers  (De  Bary,  Van  Tieghem)  it  has  been  shown  by  HeraiU 
Scott  and  Brebner,  Chodat,  H.  Schenck  and  Sauvan  that  the  islands  of  soft 
bast  in  the  wood  are  formed  by  the  cambium  on  its  outer  side*  and  that  after  the 
formation  of  these  i^ands  the  strips  of  cambium  opposite  them  cease  to  be 


LOGANIACEAE  547 

acti  w  ;  the  cambial  ring,  which  thus  becomes  interrupted,  is  ultimately  repaired 
by  the  production  of  complementary  strips  of  cambium  on  the  outer  side  of  the 
island>  of  soft  bast. 

Note. — As  regards  the  structure  of  the  root,  it  is  a  noteworthy  fact  that  in  the 
genus  Strychnos,  in  5.  spinosa,  according  to  Scott  and  Brebner,  and  in  5.  nux  vomica^ 
according  to  Van  Tieghem,  medullary  bundles  of  phloem  subsequently  arise  internally 
to  the  primary  xylem-groups.  The  interxylary  phloem-strands  auo  appear  to  be 
present  in  the  wood  of  tne  root. 

APPENDIX. 

The  ana  torn  V  of  the  two  anomalous  g  encrm  Desfontainea  and  Plocosperma  will 
be  shortly  described  here. 

The  genus  Desfontainea  (D.  spinosa^  Ruiz  et  Pa  v.)  is  specially  characterized  by 
the  simple  collateral  structure  of  the  vascular  bundles  and  by  the  scalariform 
perforations  with  numerous  bars  in  the  vesseb,  this  being  the  only  type  of  perforation 
present.  The  wood  shows :  narrow  medullary  rays ;  vessels  with  small  lumina  and 
with  their  walls  provided  with  bordered  pits,  even  where  they  are  in  contact  with 
parenchyma  ;  and  wood-proscnchyma  with  rather  distinct  bordered  pits.  The 
cork,  which  arises  at  some  depth  below  the  epidermis,  near  the  internal  margin  of 
the  l>ast.  contains  stonc-cclls  in  some  cases.  The  leaf -structure  of  Desfontainea  presents 
no  sixxial  features  ;  it  is  bifaciaL  The  stomata  do  not  possess  any  special  subsi- 
diar>'  cells.  Crystalline  elements,  trichomes,  as  well  as  internal  glands,  are  wanting 
throughout  the  plant. 

The  second  anomalous  genus  Plocosperma^  with  its  two  species  P.  btucifoHum^ 
Benth.  and  P.  microthyUum^OiSW,  MS.,  is  distinguished  by  the  aosence  of  bicoUateral 
vascular  bundles  ana  by  the  possession  of  trichomes  of  a  special  type.  Firstly,  there 
arc  small  club-shaped,  glandular  hairs,  projecting  above  the  epidermis  as  a  bicellular 
structure,  in  which  one  cell  may  be  considered  to  be  the  stalk,  and  the  other  the 
glandular  head  ;  secondly,  simple,  unicellular  hairs  occur,  which  are  filled  with 
cartK)natc  of  lime,  while  the  cells  adjoining  them  exhibit  cystolith-like  bodies,  en- 
crusted with  Ume,  as  in  many  Boragineae  and  Hydrophvllaceae.  The  leaf-structure 
is  bifacial.  The  stomata  have  no  special  subsidiary  cells.  The  vascular  bundles  of 
the  veins  are  provided  with  a  strong  sderenchymatous  sheath.  Finally,  small 
clustered  cr\'stals  are  found  accompanying  the  sclerenchyma  of  the  veins,  and 
styloids  occur  in  the  bast  of  the  axis. 

literature:  Baremn.  Famille  dct  L.,  Th^,  Parii,  1S56.— Moller,  HoUanat.,  Dcnkschr.  Wiener 
Akad.  1876,  pp.  5a  and  348  *.— T)e  Bary,  Vergl.  Aoat,  i877.^M611cr,  Risdcnanat.,  i88a.  pp.  i6i-a. 
Radlkofer,  io  !>itz.-Ber.  namrw.  Ver.  Bremen,  Bd.  viii,  1884,  pp.  406-1  a  aDd46i  ctseq. — rRothrock, 
Int.  cambiam-hn|r  in  Ct/umimm,  etc.,  Proc.  Acad,  of  nat.  ic  Plifladelpbia,  i885.]---Hmil,  Tige 


dc«  Stfjikmcs,  Bull  Soc  boc  de  France  1885,  po.  9J-5. — Veaqne,  Gamop^talct,  Ann.  ac.  nat,  wh,  7, 
t.  i.  18S5,  pp.  391-3.— H^rail,  Tlge  des  DicotylM.,  Ann.  ic  nat,  a^r.  7,  L  U,  1885,  pp.  356-9  aad 
pi.  i7.~Solereder.  Holatr.,  1885,  pp.  176-83.-0.  Rarhmann,  Schildhaare,  Flota  iMd^  aep.  copj, 
pp.  Ji-4.— S»tt  and  Brebner,  Anat.  and  hiit.  of  Siijckmes^  Ami.  oC  boL,  vol.  lii,  1889,  ppw  375- 
304  and  3  pi.— Doulioc,  in  Ann.  ac.  nat.,  aer.  7,  L  x,  1880,  n.  377. — Solerader,  CmtiMicai,  aiti.-B». 
dcut»ch.  but.  GeiclUch.  1890,  Gen.  Vert.- Heft.— Van  Tiq^em,  Tobet  cribUt  eitralibw  etc.,  Joiini. 
(le  l)ot.  1891,  p.  119. — Solereder,  I/ytmenecmeimis,  Bot.  Centralbl.  1891,  li^.  331.— Ocrock  n.  Bron- 
nert,  Stengel  too  Sityckmes  fgnaiii.  Arch.  d.  Pharm.  1891,  pp.  565-8. — Cbodat,  Tobet  criblte  dana 
le  btMs  Arch.  K.  phys.  et  nat.  de  Geo^re,  P^r.  3,  Tak  zzriii,  1893,  p.  3*9  ct  aeq.  and  pi.  i. — 
.solereiier,  in  Natitrl.  Pflanienfam.,  iv.  Teil,  AbC  3,  189J,  pp.  31-3,  and  Engler,  BoL  Jahrk,  Bd. 
wii,  1S93,  p.  554  et  SCO.— Haitwicb,  StrycMmes-Dxogiea^  Keatacfar.  50  jiihr.  ScilL  dca  achweia.  Apoth.- 
\er.  in  Zurich  1H93.— H.  Schenck,  Anat.  d.  Lianen,  1893,  pp.  i^-ao3  and  p.  353.— PerroC,  IloU 
httcriena  etc.,  Joom.  de  boL  1895,  pp.  90-5,  and  Boll.  Soc.  bot.  de  France  1805,  pp.  309-1 3.— Saovan, 
IKiii  libcheoa  etc.,  Jonm.  de  bo(.  1895,  pp.  366-73.—[EUatraad,  Stnd.  ofr.  Alkaloid.  lokaL  etc., 
Ipsala  UniveraiteU  kmku  1805,  136  pp.— lX>hm€,  in  The  Drnggiat*a  Circ  and  Cbem.  Gaxette 
1^97.  n.  7.— Ponlicn,  in  Videnak.  Meddelela.  Kjobenhavn  1897. — Sayie,  Ge/semimm,  Aincric  Jonm. 
Ill  Pharni.  1S97,  n.  1 — Seiberling,  Ctisemium,  Americ.  Jonm.  of  Pharm.  1898,  n.  8.] 


Ihe  \« cod,  there  deaciibed  aa  S/fyckttes  rt/uhina,  can acaroely  belong  tu a apectea of  Sirytknos, 
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GENTIANEAE. 

This  Order  may  be  divided  into  two  groups,  according  to  the  anatomical 
features  of  the  axis ;  the  first  of  these  groups  includes  tbt  tribes  Exarrar, 
Chironieae  and  Swertieae,  while  the  second  consists  of  the  Menyantbeae.  Bicsol- 
lateral  vascular  bundles  are  on  the  whole  *  characteristic  of  the  first  three  tribes» 
whilst  simple  collateral  bundles  are  distinctive  of  the  Menyantheae.  Regarding 
the  structure  of  the  wood,  it  may  be  noted  that  the  medullary  rays  are  narrow, 
or  may  be  absent,  that  the  vessels  generally  have  simple  pemrations  only,  and 
that  the  wood-prosenchyma  is  provided  with  more  or  less  typically  difierentiated 
bordered  pits.  A  speaal  t}rpe  of  stoma  does  not  occur.  Oxalate  of  lime  and 
internal  secretory  elements  are  wanting.  On  the  other  hand,  the  Gcntjaneae 
are  distinguished  as  regards  their  chemical  constituents  by  the  invariable 
presence  of  bitter  substances  in  all  parts  of  the  [dant.  A  hairy  ooveaag  is 
rarely  present,  and  consists  solely  of  simple  hairs.  Special  features  observed 
in  this  Order  are  the  characteristic  intercellular  hairs  of  many  Menyantheae  and 
the  islands  of  soft  l^ist  in  the  wood  of  the  axis  in  CAtfOnta,  Orphium^  EryttnsM, 
IxatUhus  and  Genliana. 

The  structure  of  the  leaf  has  been  examined  by  Bdtticher  in  the  more 
widely  distributed  genera  \  and  in  greater  detail  in  the  case  of  the  Menyantheae 
by  Perrot.  The  leaf-structure  is  very  uniform,  and  is  bifacial  or  centric  The 
stomata  are  usually  present  on  both  sides  of  the  leaf,  and  may  either  be  isolated 
or  very  numerous  on  the  upper  side  ;  in  the  floating  leaves  of  LimmmtUkemmm 
they  are  found  on  the  upper  side  only.  Their  neighbouring  oeDs  are  oonunonly 
difierentiated  from  the  other  epidermal  cells.  In  the  Menyantheae  the  mother* 
cell  of  the  guard-cells  is  cut  on  by  the  first  division-wall. 

Crystals  of  oxalate  of  lime  have  not  been  observed  by  any  author  either  in 
the  axis  or  leaf ;  but  crystalloids  have  been  found  in  the  nuclei  in  the  leaf  •tissue 
of  Limnanihemum  nymphaeoides  and  Menyanthes  trifoUaU  (Zimmennann). 
An  excretion  of  wax  occurs  on  the  surface  of  leaf  and  stem  in  CUofm  perfoluUM 
(Bdtticher),and  a  deposition  of  mucilage  takes  (dace  in  the  intercellular  spaces  in 
the  cushion-like  swellings  of  the  leaf-base  in  Genliana  acauUs  and  C.  imbncmU 
(Lazniewski).  The  internal  hairs  mentioned  above  are  branched,  tUck-waUed 
cells,  which  have  pointed  arms  projecting  into  the  interodlular  spaces;  they 
occur  in  the  parenchyma  of  the  leaf,  stem  and  root.  Perrot  met  with  them 
in  Limnanihemum^  LiparopkvUum  and  species  of  ViOania^  whereas  they 
are  wanting  in  Menyanthes^  NephrotkyUidium  and  some  species  of  VittmfM^ 
according  to  the  same  author.  A  well-developed  hairy  covartiif  only  oocun  in 
Orphium,  The  trichomes  of  Orphium  fnUescens^  E.  Mey.  are  ami)le  uniseriate 
hairs  composed  of  a  few  cells  and  with  a  blunt  terminal  ceU.  Uniseriate  haiis 
secreting  mucilage  have  been  observed  by  Schilling  on  the  buds  in  species  ol 
Menyanthes  and  Limnanihemum,  Finally  the  hydathodes  on  tl^  margin  of  the 
leaf  in  the  Menyantheae  and  the  peculiar  cell-groups  found  in  the  lower  epidermis 
of  the  species  of  Limnanihemum  and  of  some  species  of  ViUsursim  also  daqve 
mention.  The  former  consist  of  the  termination  of  a  vascular  bundleprovided 
with  epithema  and  contain  stomata  in  the  overlying  epidmnis.  Tne  latter 
occur  on  a  raised  portion  of  the  leaf-surface  of  varying  sixe,  and  their  fmictioo 
is  unknown. 

The  structure  of  the  petiole  has  only  been  investigated  in  Memymmika 
trifoliata  and  Limnanihemum  nymphaeoides.    The  characteristic  region  in  both 

'  The  ooly  excepcioos  mre  tpedei  ctf  the  nprophytic  genera  V^yrim  wdA  Ltipkmumm, 
*  These  axe :   Exatttm^  Sidaea ;   CMirmnm^  Emuosttmu,  Curtuty  Cktmm^  Btyikwmm^ 

IxtmtkuSt  Diiamrm^  CutmdUi,  Cams€§ra^  ScAm/fisim,  C^mUtiUm,  Lirimmikm  ;  Cemiimm 

Suftrtim^  Hmlmimy  BtarUmim  ;  Jl/imjmmtJUs,  VUlmrsim,  Liwmmmtkemmm, 
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cases  contains  isolated  vascular  bundles,  the  number  of  these  being  ten  and  five 
resjxx:tively. 

The  bicoUateral  nature  of  the  vaacnlar  bundles  has  been  re-exaniined  by 
Gilg  (in  relation  to  the  statements  of  Vesque,  Solereder  and  B5tticher)  in 
representatives  of  all  the  genera  with  the  exception  of  Cafylanthera^  VoyneUa 
and  Lagenanthus^  and  was  demonstrated  by  him  in  every  case  apart  from  those 
previously  mentioned  as  exceptions.  According  to  Gilg,  the  intnur^ary  phloem 
in  most  cases  forms  a  narrow,  continuous  belt;  in  other  cases  there  are  small 
groups  situated  at  the  margin  of  the  pith,  and  sometimes  easily  overlooked. 
According  to  Scott  and  Brebner,  medullary  phloem-groups  sometimes  (GenHana 
acaulis)  arise  as  branches  of  the  intraxylary  phloem.  Sderenchyma  rarely 
accompanies  the  internal  soft  bast. 

In  the  following  statements  on  the  structure  of  the  wood,  the  woody  species 
of  Tachiadenus^  CAtronia,  Orphium^  Couioubea,  Prepusa  and  Lisianihus^  inves- 
tigated by  me,  are  taken  into  special  consideration.  A  transverse  section  of  the 
wood  shows  vessels  with  rather  small  lumina  (maximum  diameters 04  mm.), 
and  medullary  rays,  which  are  usually  narrow  (1-2  ceUs  in  breadth),  the  celk 
l>eing  elongated  in  the  vertical  direction.  Bdtticher  mentions  the  absence  of 
medullary  rays  in  species  of  Cictndia,  SchuUesia,  and  Ophelia.  The  perforations 
of  the  vessels  are  usually  simple ;  but  accompanying  this  type  scalariform 
j)erforations  with  i  or  2  bars  frequently  occur,  or  malformed  perforations,  in 
which  the  division-wall  is  perforated  in  an  irregular  manner,  e.g.  in  Chironia 
baccifera^  L.,  Orphium  fruUscens^  E.  Mey.  and  Coutoubea  ramosa^  Aubl.  The 
walls  of  the  vessels  in  the  species  investigated  by  me  bear  bordered  pits,  where 
they  are  in  contact  with  parenchyma  of  the  medullary  rays.  The  wood- 
|)arench\Tna  is  invariably  developed  in  small  qtiantity.  In  my  '  Holzstruktur  * 
the  wood-prosenchyma  is  stated  to  bear  bordered  pits  in  which  the  border  is 
frequently  smaller  than  the  opening,  or  the  bordered  pits  are  indistinct  owing 
to  the  thick  walls  and  narrow  lumina  of  the  elements  {Prepusa  matUana^  Mart.). 
Tliougli  Gilg  confirms  these  observations,  BOtticher  states  that  in  all  species 
investigated  by  him  and  belonging  to  the  first  three  tribes,  he  met  with  prosen- 
cliyma  hearing  bordered  pits  accompanied  by  prosenchyma  with  simple  pits, 
the  latter  being  present  in  varied  abundance  and  often  forming  the  ground- 
work of  the  wood. 

The  primary  cortex  contains  collench3rmatous  tissue  in  many  cases.  In 
the  {x^ricycle  a  ring  of  mechanical  tissue  may  or  may  not  be  present.  The  cork 
in  tlie  few  cases  investigated  develops  *  beneath  the  cortical  parenchyma,' 
according  to  Bctticher. 

Interxylary  phloem  was  first  demonstrated  in  the  axis  by  Vesque  in  Chironia 
and  by  me  in  Orphium  fruiescens^  E.  Mey.  In  the  genus  Chironia  it  seems  to  be 
of  quite  general  occurrence,  according  to  recent  investigations  (Gilg,  Scott  and 
Brebner,  Bdtticher).  In  both  genera  the  interxylary  groups  of  soft  bast  are 
produced  on  the  inner  side  by  the  cambium,  and  the  mcxle  of  origin  is  the  same 
III  tlie  interxylary  phloem-islands,  described  in  the  root  of  GetUiana  luiea 
aimo^^t  simultaneously  by  Arthur  Meyer  and  J.  E.  Weiss,  in  the  root  of  G.  pan- 
nonicd,  G.  punctata  and  6.  purpurea^  by  Arthur  Meyer,  in  that  of  C  cruciata  by 
Jost,  in  that  of  species  of  Erytkraea  by  Chodat  and  Bdtticher,  and  in  that  of 
Ixanthus  viscosus  by  Bdtticher.    The  root  of  Chironia  peduncularis^  Lindl.*  has 


'  Accorriing  to  ScoU  aad  Brebner  the  rooC-flnictiire  of  Ckirmtia  p§immcuUtns  thowt  the  further 
[•ccoUanty  that  the  cmmbiom  of  the  root  it  first  developed  on  the  inner  tide  of  the  primary  ▼cttfli 
^pr<>t()\ylcm  .  Sobtcqneotly  the  proCoxylem  beoomet  embedded  in  the  tecondary  xylem  prodnoed 
hy  the  activity  of  the  cambinm,  tinoe  the  corretpooding  strip  of  cambiom  cease*  itt  acCiTity,  and 
the  camhial  ring  which  is  thas  intermptcd  b  tnpplementcd  by  a  roerittematic  arc,  orig^nmting 
externally  to  the  protoxylem. 
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interxylary  and  intraxylary  phloem,  both  of  these  being  in  connexion  with 
interxylary  phloem  of  the  stem  (Scott  and  Brebner). 

The  structure  of  the  axis  of  the  inflorescence  in  the  species  of  Lifnnanthem 
belonging  to  the  section  Nymphaeanthe^  is  also  anomalous  according  to  Got 
Gilg  and  Perrot.  Whereas  the  only  species  of  the  section  Waldschmidtia.  wi 
nymphaeoides^^xYiWnXs  normal  dicotyledonous  structure,  the  manner  of  distr 
tion  of  the  vascular  bundles  in  L.  cristatum,  L.  Humboldiianum^  L.  indictoK 
others  calls  to  mind  a  monocotyledonous  stem,  since  a  large  vascular  bu] 
occurs  in  the  centre  and  numerous  smaller  bundles  lie  scattered  at  the  periph 

Bottichcr  states  that  cortical  vascular  bundles  occur  in  the  a.\: 
Mcnyanthes  trifoliata. 

The  structure  of  the  stem  in  the  two  saprophytic  genera  Voyria  anii 
phaimos  now  remains  to  be  discussed.  The  entire  shoot  of  Voyria,  including 
whole  floral  region,  is  distinguished  by  the  complete  absence  of  stomata  (Job 
The  stem  shows  a  few  (4-6)  isolated  vascular  bundles  arranged  in  a  nnj 
transverse  section  ;  according  to  Johow  these  bundles  have  concentric  strut i 
(with  central  xylem)  and  are  perhaps  of  the  nature  of  steles  in  V,  Uneiii. 
triniUnsis  and  V,  uniflora,  whilst  in  V.  rosea  they  are  bicollateral  accordmi 
Gilg  ^  According  to  Gilg  an  undetermined  species  of  Leipkaimos  has  a  ^iS 
concentric  vascular  bundle,  the  xylem  of  which  is  slightly  developed 
occupies  a  central  position. 

Literature  :  (irisebach  u.  HofTmann,  Luftruhrenh.  bei  Linmanthimum ^  linnaea,  B<i.  mI.  ^ 
pp.  682-5  aiid  Taf.  vii ;  sec  also  Linnaea,  Bd.  xiii,  1839,  P-  ^9'* — Vcsque,  Anat.  de  T^corcr . 
so.  nat.,  ser.  6,  t.  ii,  1^75*  pp-  143  and  F46  and  pi.  10. — MoUer,  Holzanat.,  Denkschr.  Wienrr  .^ 
1S76,  pp.  52  and  349.— Areschoug,  tiladets  Anat.,  Minnesskrift  Lnnd,  1878,  p.  78  et  seq.  ami  Ta! 
— J.  E.  Weiss,  in  Flora  1880,  p.  89.— Petersen,  in  Engler,  Bot.  Jahrb.,  Bd.  iit,  1882,  pp.  3^4. 
— A.  Meyer,  Gint,  iutea  etc.,  Arch.  d.  Pharm.  1883,  pp.  503  and  569  et  scq. — J.  EI.  AVciss.  is 
Centralbl.  1883,  iii,  p.  410. — Solereder,  Holzstr.,  1885,  pp.  182,  183. — Johow,  in  Pringshcimji 
IW.  xvi,  1885,  p.  415  et  sc(i.  and  Tab.  xvi  to  xviii. —Petit,  Petiole,  Act.  Soc.  Linn,  de  Bonieas 
43,  1889,  l^P-  29,  30  and  pi.  i.— Jost,  in  Bot  Zeit.  1890,  p.  44a. — Goebel,  in  Ann.  jan^.  t- : 
Buitenzorg,  vol.  ix,  1891,  pp.  120-6  and  pi.  xvi. — Scott  and  Brebner,  lotenial  phloem  etc..  Kx. 
bot.,  vol.  V,  1 89 1,  pp.  277  and  287  et  seq.  and j)l.  xviii. — Zimmermann,  Pflanzenzellc.  2.  Het:.  '■ 
p  1 29. — Solereder,  in  Natiirl.  Pflanzcnfam.,  ii.  Teil,  Abt.  3,  1892,  p.  27.--Chodat,  in  Rep.  oJCrpj; 
Genoa,  separate  copy,  1893,  p.  12. — Schilling,  .Schleimbild.,  Flora  1894,  pp.  313-19. — AV.  Boct::. 
Vergl.  Anat.  d.  G.,  IHss.,  Krlangen,  1S95.  62  pp. — Gilg,  in  NatiirL  Pflanienfjun.,  iv.  Tcil,  X: 
^^^h*  PP-  h^t  h2t' — L^zniewski,  Al^^enfl.,  Diss.,  Miinchen,  1896,  p.  38  cC  seq.;  also  in  Flora  in 
Perrot,  Anat.  dcs  Menyanthces,  Bull.  Soc.  bot.  de  France  1897,  p^).  340-54  and  pL  xii ;  set 
Journ.  de  bot.  1H97,  pp.  195-7. — Warming,  Ilalofyt  Stud.,  K.  Danske  Vid.  SeUk.  Skr.  i8t>7.  : 
-    [Holm,  OMaria  7'irgiuiia,  L.,  Ann.  of  !x)t.,  vol.  xi,  1897,  pp.  369-83  and  pi.  xix.] 

POLEMONIACEAE. 

The  essential  anatomical  features  of  this  Order  are  as  follows  :  The  vav\: 
bundles  of  the  stem  arc  simply  collateral  in  structure.  When  secondary  xvlt 
vt>ssols  arc  present  they  ix)ssess  simple  perforations.  The  cork  when  prtN 
aj^poars  in  the  outer  layers  of  the  cortex  or  at  the  outer  limit  of  the  phli> 
Oxalate  of  lime  apjx^ars  to  be  absent,  but  well -developed,  spindle-sha}^  - 
calcified  cystoliths  have  Ix^en  met  with  in  the  cortex  of  the  root  in  a  plant 
srrilx^d  ius  Phlox  Carolina  (Greenish ').  The  stomata,  as  far  as  is  knov^^. 
>\irrounded  by  an  indefinite  number  of  ordinary  epidermal  cells.  The  ha 
covering  consists  of  (a)  simple,  uniseriate,  and  (h)  glandular  hairs. 

Very  little  is  known  as  to  the  leaf-structure.  In  order  to  be  able  ti^ : 
something  about  the  stomata,  I  examined  the  leaves  of  Loeseiia  i-wi": 
Don,  (\ibaea  scamlensAay.n  and  Polemonium  caertdeum^  L.  (see  above).  1  ww 
lu)  tra<T  of  oxalate  oi  lime  in  these  leaves. 


'  It  may  be  a(lde<l  that  the  mot  of  I'oyria  has  an  cndoirophic  mycorrhiaa. 

■-■  (Irtt-ni-h,  Phlo.x  tafv/ima,  Pharm.  Jouni.  and  Transact  1891,  pp,  S39  to  84O. 
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The  petiole  of  Cofmea  scmniens^  investigated  by  Petit  \  shows  a  semilunar 
vasctilar  bundle  in  the  characteristic  region,  and  above  this  bundle  small  groups 
o{  soit  bast  and  a  smaller  vascular  strand  are  situated. 

The  stem-etmctore  of  the  Polemoniaceae  is  more  thoroughly  known*  owing 
to  Sclilepegrell's  work\  which  deals  with  all  the  eight  genera,  and  Peter's  state- 
ments  in  the  '  NatiirUche  Pflanienfamilien '.'  The  vascular  bundles  of  the 
branch,  as  stated  above,  have  a  simple  collateral  structure  in  all  cases.  The 
wood  of  the  two  species,  Loesdia  coccinea^  Don,  and  CoUomia  sUnosifhon^  Kunie, 
investigated  by  me%  shows  (a)  vessels  with  lumina  of  moderate  siie  (diameter 
reaching  -04  mm.)  and  a  prevailing  radial  arrangement,  and  (6)  uniseriate 
mt*dullary  rays.  Vessels  with  large  lumina  are  only  present  in  Cobaea  scafuUns, 
The  (perforations  of  the  vessels  are  in  general  simple  in  the  cases  investigated 
(species  of  Cobata^  Colhmia,  Loesdia^  and  Phlox) ;  in  Loesdia  coccinea^  as  an 
exceptional  occurrence,  I  have  met  wth  scalariform  perforations  with  one  bar. 
The  wood-prosenchyma,  in  the  two  species  investigated  by  me,  has  simple  pits 
or  sht-shaped  pits  with  indistinct  and  small  borders  ;  it  is  septate  in  LoeseUa 
cocctpua,  the  soft  bast  in  general  consists  of  small  cells,  and  either  constitutes  a 
continuous  layer  in  the  usual  way,  or  occurs  in  the  form  of  ceU*groups,  enclosed 
like  nests,  owmg  to  the  cortical  tissue,  external  to  the  soft  bast«  b^nung  lignified 
and  united  to  the  xylem-mass  in  places  (e.g.  in  Phlox  panicuUUa^  L.,  P.  divaricala^ 
L..  and  Gilia  densiflora^  Benth.).  Intercellular  spaces,  containing  yellow  masses 
ot  secretion,  were  observed  by  Peter  in  the  phloem  of  Cobaea  scandens^  Cav.,  but 
they  still  require  further  examination.  According  to  Peter,  bast-fibres,  either 
isolated  or  united  into  group,  sometimes  occur  on  the  outer  side  of  the  iMist 
(e.g.  in  Giiia  caronopifaiia^  Pers.,  and  Phlox  arisiaia^  Michx.),  or  in  their  place 
a  clos<*d  ring  of  bast-fibres  is  found  {CoUomia  heUrophylla^  Hook.,  C.  grandtflora^ 
I>ougl.,  Phlox  longifolia,  Nutt.,  P.  Douglasii,  Hook.,  P.  acuminaUi,  Pursh,  and 
Ctiha  capitata^  Dougl.) ;  in  other  cases  a^ain  a  starch-sheath  is  present.  In  the 
primary  cortex,  as  also  in  the  pith,  sclerosis  of  more  or  less  numerous  cells 
commonly  takes  place.  CoUencnyma  frequently  appears  in  the  primary  cortex 
(cjl^uite  typical  for  example  in  Phlox  macuiaia^  L.,  or  Polemonium  pattcifiorum, 
W  ats.),  whik  cells  uith  membranes  which  may  become  much  swollen  appear  to 
occur  m  this  region  in  Phlox  Hoodii^  Rich.,  according  to  Peter.  Peter  Scribes 
the  develofnnent  of  cork  in  Phlox  Stellaria^  C'Tzy,  as  taking  place  'in  the  outer 
layers  of  the  cortex,'  whilst  Schlepegrell  found  it  to  commence  at  the  outer  Umit 
of  the  phloem  in  other  species  oi  Phlox  (P.  subulaia^  &c.).  At  this  point  we 
may  mention  that  neither  Peter  nor  Schlepegrell  records  the  presence  of  solitary 
or  clustered  crystals  of  oxalate  of  Ume  in  the  stem. 

The  hairy  coverinc  consists  of  simple  uniseriate  hairs  and  of  glandular  hairs. 
According  to  Schlepegrell,  the  simple  nairs  of  Phlox  maculata  show  a  tendency 
to  assume  a  branched  form,  one  or  other  of  the  cells  of  the  hair  having  a  lateraJ 
protrusion  resembUng  a  branch.  Glandular  hairs  are  stated  by  Schlepegrell  to 
o(  (*ur  in  species  of  Phlox^  Gilia^  PoUmonium^  Loesdia^  Bonpiandia^djaACafUua^  but 
no  f urtlier  details  are  given,  or  at  any  rate  the  description  is  insufficient.  I  must 
therefore  confine  my  remarks  to  the  glandular  hairs  of  Gilia  tricolor  and  CoUomia 
hfuaris^  described  by  Martinet  %  and  to  those  of  LoeseUa  coccinea^  Don,  which 
I  have  examined  myself.  Gilia  tricolor  has  glandular  hairs  with  a  long  stalk, 
coasisting  of  a  row  of  cells  which  are  shorter  towards  the  apex  and  have  rather 
thick  waJls.  The  head  in  these  glands  is  ellipsoidal  and  becomes  divided  up  by 
two,  iour,  or  eight  vertical  walls  into  a  corresponding  number  of  cells.   Similar 

'  Tctit.  Tctiole.  Mte.  de  b  5mk.  dc«  ic  phvt.  ct  nat.  de  Docdeuz,  1^.  3,  L  iii,  18S7,  p.  346. 

*  Vmt  Anal.  d.  TabiAofcn,  Hoc  Cammlbl.,  189J,  i,  pp.  1991  100  uid  335. 
'  tv.  TriU  Abi.  3  a,  1801.  pp.  41,  41. 

*  Sec  '  llobainJuw/  1885,  pp.  183,  184. 

'  (Hfi:.  dr  w^aiL,  Ami.  tc.  mi.,  wh.  5,  t.  %it,  187s,  p.  146  H  «q.  aod  pi.  10  tad  13. 
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external  glands  with  a  long  stalk,  but  provided  with  a  nnirrtlnlar  head,  or  one 
that  is  bicellular  owing  to  the  presence  of  a  vertical  wall,  are  fooiid  in  Loesdu 
coccinea,dJid  are  accompanied  by  others  with  a  shorter  stalk, bat  with  a  i^anrtnlar 
bead  of  the  same  structure.  The  glandular  hairs  of  CoUamia  Unmn$  have  a  kmg 
uniseriate stalk;  they  differ  essentially  from  those  just  described,  inasmuch  as 
the  h^td,  which  has  the  form  of  an  inverted  truncate  cone,  consists  oi  two  tien 
of  cells,  the  lower  being  formed  by  8,  the  upper  by  i6  cells.  Finally,  it  may  be 
added  that  the  leaf-teeth  of  the  young  leaf  are  sometimes  glandolar,  e.g.  in  Pole- 
tnonium  coeruleum  \  where  they  contain  the  termination  of  a  vascular  bundle 
accompanied  by  mucilage-bearing  parenchyma,  while  the  adjacent  upper  epi- 
dermis includes  a  group  of  stomata. 

HYDROPHYLLACEAE. 

The  Hydrophyllaceae  share  the  following  anatomical  characters.  As  m 
the  Pdemoniaceae,  the  vascular  bundles  are  not  bicoUateral.  The  stomata 
have  no  special  subsidiary  cells,  but  are  surrounded  in  an  irregular  manner  by 
an  indefinite  number  of  epidermal  cells.  The  vessels  of  the  wood  have  simpfe 
perforations.  In  Eriodiciyon  glutinosum^  Benth.,  one  of  the  few  shrubby 
species,  the  wood-prosenchyma  bears  bordered  pits.  Where  cork  has  been 
observed  (Nama^  Eriodiciyon,  and  Wigandia)^  it  arises  superficially,  inunediately 
below  the  epidermis.  Oxalate  of  lime,  when  present,  is  aeposited  in  the  form  of 
clustered  crystals.  The  hairy  covering  consists  of  (a)  simple,  usually  unicellular. 
rarely  uniseriate  hairs,  and  {b)  glandular  hairs.  The  simple  unicellular  hain 
are  in  many  cases  encrusted  with  carbonate  of  lime,  or  contain  (and  this  some- 
times applies  to  the  surrounding  cells  also)  cystolith-like  bodies,  encrusted  with 
lime  ;  in  such  cases  the  hairs  mostly  have  a  rigid  appearance.  The  glandular 
hairs  are  very  widely  distributed  and  possess  various  types  of  structure.  The 
anatomical  features  of  the  Hydrophyllaceae  point  to  a  closer  relationship  with 
the  Boragineae,  in  which  both  simply  collateral  vascular  bundles  and  cystobth- 
hairs  occur,  than  with  the  Convoh'ulaceae,  which  are  characterised  by  bicol- 
lateral  vascular  bundles  and  secretory  cells. 

The  leaf-atnicture  has  hitherto  been  Uttle  investigated.  Vesque  mentions 
that  the  mesophyll  is  bifacial  in  the  species  investigated  by  him,  but  commonly 
shows  a  tendency  towards  centric  structure.  The  latter  is  also  the  case  in 
Eriodiciyon  gluiinosum^  which  I  have  casually  examined.  The  stoawtai,  as 
stated  above,  are  surrounded  by  an  indefinite  number  of  ordinary  epidermal 
cells  ;  species  of  Hydrophyllum,  Neniopkila,  Phacelia,  Hydrolea  and  Natms 
have  been  examined  with  regard  to  this  point.  The  stomata  are  either  found  on 
both  sides  of  the  leaf  (e.  g.  in  Hydrolea  siinosa^  L.)  or  only  on  the  lower  surface 
(e.  g.  in  Hydrophyllum  virginicum^  L.,  Pnacelia  ianaceiifolia^  Benth.,  &c.). 

The  hairy  covering  is  very  varied  and  abundant.  A  number  of  authors, 
amongst  others  Peter,  Schlepegrell,  Schibler  and  O.  Schmidt,  have  studied 
this  subject,  but  unfortunately  only  in  a  superficial  manner  ;  they  overiooked 
the  cystolith-Uke  deposits  in  the  simple  hairs,  referred  to  above  and  described 
by  Vesque  and  Radlkofer  previously  to  the  work  of  some  of  these  authors,  and 
their  description  of  the  glandular  hairs  is  incomplete.  It  is  therefore  impoasibie 
to  give  an  exhaustive  account  of  the  trichomes  of  the  Hydrof^yllaceae  in  the 
following  description.  Simple,  unicellular  hairs  are  of  very  wide  distribution. 
They  usually  have  a  conical  shape  and  sometimes  a  wall  of  considerable  thickness 
with  a  vcrrucose  suriace.  Such  unicellular  hairs  occur,  for  example,  on  the 
leaf  of  Hydrolea  spinosa,  L.,  where  they  are  two-celled  in  isolated  cases,  owing  to 
the  appearance  of  a  horizontal  H'all.    Sometimes  these  unicellular  haiis  are 

^  Rcinke,  Sekretioosorgaoe.  Pringiheim  Jahrb.,  Bd.  z,  1876,  p.  156. 
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TOf^earchcs  cystolith-hairs  of  various  kinds  being  found  in  this  genus  as  well  as 
uniseriate,  malpighian  and  scmi-malpighianf  branched  and  ^andular  hairs  of 
varied  form  :  the  appearance  of  independent  cystoliths  (species  of  Cordia,  Fig. 
127,  A^  and  Tournefartia)^  or  of  cystolith-Uke  structures  in  the  basal  portion  of 
the  cells  of  the  hairs  and  occasionally  also  in  the  subsidiary  cells  of  the  hairs 
(species  of  Crrinike,  Onosma,  &c..  Fig.  127,  B-D) ;  the  occurrence  of  wedges  of 
l>ast  in  the  xylem-mass  in  Toumefortia  hirsuiissima  (according  to  Criiger). 

2.  STRrcTVRE  OF  THE  LEAF.  In  the  general  features  of  the  leaf-stmcinre 
\\\v  greatest  variatioas  occur,  as  might  be  expected.  All  transitions  from 
tyF>ical  centric  leaves  to  those  of  bifacial  structure  are  found,  sometimes  even 
in  the  same  genus,  as  Mez  has  shown  in  the  case  of  Cordia.  The  palisade  and 
i»ix»ngy  tissues  also  exhibit  variatioas.  According  to  Mez,  it  is  to  be  noted  that 
in  the  geniLs  Cordia  the  species  of  the  section  Gerascanihus  have  a  palisade  of 
several  layers,  whereas  all  the  remaining  sj)ecies  of  Cordia  with  the  single  ex- 
<eption  of  r.  gerascantkoidts^  H.  B.  K.,  exhibit  a  single  layer  of  palisade-cells, 
some  of  which  may  he  divided  by  horizontal  walls  (especially  in  the  species  of 
t  he  section  Grrascanlkopsis).  The  cells  composing  the  middle  tissue  in  the  centric 
leaves  of  Litko$permum  callosum,  Vahl  contain  little  chlorophyll,  while  those  of 
EchiochHon  fruticosum,  Desf .  and  other  species  have  clear  contents,  and  in  those 
of  Trickodfsma  africanum.  R.  Br.  the  contents  are  mucilaginous  (Volkens). 
JUv  structure  of  the  smaller  veins  has  only  been  examined  in  detail  in  Cordia^ 
where  tliey  show  a  tendency  to  be  vertically  transcurrent  above  and  below,  or, 
at  any  rate,  alxjve.  In  Helioiropium  fruticosum^  L.  the  vascular  bundles  of  the 
vems  are  surrounded  by  a  sheath  of  {^arenchymatoiLS  cells  with  wide  lumina. 
Srlerenchymatous  fibres,  running  irregularly  in  the  mesophyll  and  connected 
with  the  sclerenchjTna  of  the  veins,  have  only  been  recorded  in  Cordia  Sprttcci^ 
Mez.  The  epidermal  cellB  of  the  leaf  have  straight  or  undulated  lateral  walk. 
Neither  development  of  hy|X)derm  nor  gelatinization  of  the  epidermis '  of  the 
leaf  has  IxTn  ol>s<'r\'ed  in  any  member  of  the  Order  ;  on  the  other  hand,  papillose 
<liff(Tentiation  of  the  lower  epidermis  occurs  in  some  species  of  Cordia  (C.  ferr%^ 
Ktnra,  K.  et  Sch.,  (\  oaxacana^  A.  DT.,  and  C.  glanduiosa^  Fres.,  belonging  to 
the  section  Varronia).  According  to  Strasburger  and  Vesque,  the  rtoiniita 
Ulong  to  the  Cruciferous  tyjie,  but  this  is  frequently  obscured  so  that  no  special 
arrangement  of  the  epidermal  cells  around  the  guard-cells  is  recognizable.  In 
the  rase  of  Cordia,  Mez  states  that  the  stomata  may  either  lie  on  a  level  with  the 
epidermal  cells,  or  may  \yo  de|>ressed  {C.  suboppostta,  A.  DC.  and  C.  Rothii,  R.  et 
Si  h.),  or  elevated  ;  according  to  the  sanie  obser\'er,  strongly  elevated  stomata 
o<rur,  for  iastance,  in  all  sjx*cies  of  the  section  Varronia,  in  C,  Chamissoniana^ 
Steud.  and  C.  insigni$,  Cham.,  and  stomata  borne  on  an  elevation  like  a  shafgV 
hair  m  C.  macrophylia.  Mill.,  C.  Sellowiana,  Cham.,  and  C.  pubesuns^  WiUd. 
Similar  features  mav  well  he  of  frequent  occurrence  in  other  members  of  the 
Order.  With  rc^arti  to  the  distribution  of  the  stomata,  we  may  mention  that 
S  hi  bier,  who  chiefly  examined  li\nng,  native  species,  met  with  them  in  most 
ras<*s  on  both  side's  of  the  leaf.  In  the  genus  Cordia  they  are  mostly  found  on 
the  lower  side  only,  more  rarely  on  both  surfaces  of  the  leaf. 

The  hairy  covering  has  very  great  systematic  importance.  Both  clothing 
ami  glandular  liairs  occur.  The  characteristic  clothing  hairs  (cf.  Fig.  127,  B-D) 
are  unicellular,  conical,  bristle-hairs  or  strigae  \*ith  a  rather  thick,  smooth  or 
verrucose  wall :  they  have  a  cystolith-like  character  owing  to  calcification  and 
simultaneous  silicification  of  the  tip  or  of  the  entire  wall  of  the  hair,  or  owing  to 
the  hlling  up  of  the  lunH*n  of  the  hair  with  carlwnate  of  lime,  or  the  development 
of  a  cystohth-like  iKxly  in  the  liasal  jwrtion  of  the  hair,  which  is  often  bulbous 

'  ( »n  the  otbrr  haml,  •ccordtni;  to  Ilr  Haiy  and  Fimnk,  mocilmgc  It  lomid  in  iminciiae  qnaDtitkt 
in  the  KjfiU  ol  the  IknciacM  {Symf4fimm,  Cjmtgi^umm) ;  it  U  tUted  that  thit  modlafc  it  not  tbc 
(iTfidiict  *A  wmumor^ho^  oi  tlw  celUwmll,  but  that  it  rejircflemt  cell-cootenti. 
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bundles  on  the  upper  side  of  the  main  system  ;  in  Hydrophyilum  catuubnsM  we  find 
an  arc  of  wood  ana  bast  with  two  vascular  bundles  on  each  side  (C  de  Candolk  and 
Petit). 

The  structure  of  the  branch  attains  the  greatest  degree  of  difiEerentiation 
in  the  shrubby  Eriodictyon  elutinosum.  In  this  species  the  pith  is  Ugnified. 
The  xylem-ring  shows  vessels  with  small  lumina  and  simple  perforation^  and 
with  bordered  pits,  where  they  are  in  contact  with  parenchyma ;  uniseriate 
medullary  rays ;  and  wood-prosenchyma  with  distinct  bordered  pits.  In  tbt- 
pericycle  there  is  a  com}X)site  and  continuous  sclerenchvmatous  ring.  The 
cork  consists  of  cells  with  rather  wide  lumina  and  thin  walls  ;  it  develops  sub- 
epidermally  (as  also  in  species  of  Nama  and  Wigandia^  according  to  SchlepegreU). 

Regarding  the  stem -structure  of  the  remaining  species,  which  are  mostly  herba- 
ceous, the  following  statements  may  be  quoted  from  Pfeter  and  SchlepegrdL  Tbr 
vascular  bundles,  which  arc  invariably  simple  and  collateral,  may  either  be  separated 
by  strips  of  ground  tissue  of  varying  breadth  {Hydrophyilum^  Eliisia),  or  be  morr 
or  less  mtimately  united  to  one  another  (Nemophila^  Phaceheae),  or  lastly,  they  may 
appear  as  a  closed  rine  in  a  transverse  section  of  the  stem  ( Whitlaxna^  Emmenantki, 
Nama,  &c.).  The  soft  bast  cither  forms  relatively  larse  Kroops  (Phaceiia,  Smms 
Lobbii,  Gray,  Codon),  or  a  ring  (strongly  developed  in  Hyarophyllum,  Cosmmulkus^ 
Tricardia,  Nama,  Wigandia,  slightly  developed  in  Nemophua^  Nama  unduiatum, 
H.B.K.,  and  *V.  hispidum.  Gray),  or  sometimes  only  very  small  groups  {HydwoUa, 
Romamoffia),  In  Codon  Royeni  groups  of  bast-fibres  are  found  external  to  the  soft 
bast  (5khlcpegrcll).  In  the  outer  cortex  a  distinct  starch-sheath  is  frequently  preKnt : 
in  Ellisia  lorreyU  Gray  and  E,  chrysanthemi folia,  Benth.  the  middle  lone  ol  the  oater 
cortex  consists  of  two  layers  of  conspicuously  large  cells.  The  outer  cortex  » 
traversed  by  wide  schizogenous  air-canals  in  Hydrolea,  the  cells  adjacent  to  tbt 
canals  being  filled  with  clustered  crystals  of  oxalate  of  lime. 

Literatare :  Martinet  Org.  de  ttcrit.,  Ann.  sc.  nat.,  s^r.  5,  t.  xir,  iSya,  p.  1S3  and  pi.  iK.— 
C.  de  CaadoUe,  Anat.  comp.  d.  feuilles,  Mem.  Soc.  sc  phyi.  et  d*hiiL  nat.  dc  Ccnihre,  t.  xsvi.  i. 
1K79,  p.  443. — Vesqae,  Gamop^tales,  Ann.  sc.  nat.,  ler.  7,  t.  i,  1885,  pp.  297,  398. — Habrrlasd^ 
Brennh.,  Sitz..Ber.  Wiener  Akad.,  Rd.  xdii,  Abt.  i,  1886,  p.  ia8  et  leq.  and  Tabi— Schiblcr,  VcffL 
Anat.  d.  Horag.,  Diu.,  Bern,  1887,  pp.  61,  6a.— Petit,  P^iole,  M^m.  Soc.  k.  phys.  et  nat.  dr 
Bordeanx,  wh.  3,  t.  iii,  1887,  p.  347  and  pi.  vi. — O.  Schmidt,  Behaar.  d.  Labiaten  etc.,  Dtai.,  Fiti- 
burgi.  Br.,  1888.  pp.  63-4.— Kadlkofer,  in  Sitz.-Rer.  Miinch.  Akad.  1890,  p.  la^.— Schlepccrrn. 
Vergl.  Anat.  d.  Tnbiflor..  Ik>t.  Centralhl.  1892,  i,  pp.  194-9. — Peter,  in  Natiirl.  PflanacBfan..  iv 
Teil,  Abt.  3  a,  189a,  pp.  55,  56. 

BORA(;iNEAE. 

I.  Review  of  the  Anatomical  Features.  The  following  charactrr> 
may  be  specially  pointed  out :  the  absence  of  bicollateral  vascular  bundles ;  the 
lack  of  a  special  type  of  stoma ;  the  presence  of  simple  perforations  in  thr 
vessels  ;  the  occurrence  of  {a)  unicellular  cystolith-hairs  (bristle-hairs  or  strigar. 
Fig.  127,  B-D),  in  which  the  wall  is  entirely  or  partially  calcified  and  the  basal 
portion  often  contains  a  cystolith-like  body,  and  (6)  glandular  hairs  with  a  stalk 
of  varjring  length,  but  always  with  a  unicellular  head  (Fig.  126,  F-J).  Special 
internal  secretory  receptacles  are  not  present.  Oxalate  of  hme  is  excreted  in 
the  form  of  solitary'  and  clustered  crjTjtals  or  as  crystal-sand  (the  latter  in 
Cordia^  Patagonula,  Sacctlium^  and  Toumeforiia).  Other  points  to  be  noted  in 
the  structure  of  the  axis  are  as  follows  :  (a)  the  first  formation  of  cork  may  takr 
place  at  different  points,  either  immediately  below  the  epidermis^  or  in  the  middle 
of  the  primary  cortex  or  in  the  |K*rirycle  ;  (h)  the  wood-prosenchyma  bears 
bordered  or  simple  pits  ;  (c)  the  wood-j^renchyma  varies  m  the  degree  of  it* 
development ;  and  (d)  the  outer  limit  of  the  bast  is  mostly  formed  by  isolated 
groups  of  primary  bast-fibres.  The  following  anatomical  features  arc  valuable 
for  more  special  diagnosis  :  first  and  foremost,  the  hairy  covering  (Figs.  126 
and  127),  which,  however,  is  only  known  at  all  fully  in  Cordia  ■  through  Mez'i? 

'  Malpighian  luir^  have  also  been  otHier\-rf!  in  the  ^^ui  Hatgmmia  (lee  the  tectioo  oq 
of  the  leaf. 
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TCfcarches,  c>^tolith -hairs  of  various  kinds  being  found  in  this  genas  as  well  as 
uniseriate,  malpighian  and  semi-malpighian,  branched  and  glandular  hairs  of 
varied  form  :  the  appearance  of  independent  cystoliths  (species  of  Cordia^  Fig. 
127,  A.  and  Toumefortia)^  or  of  cystolith-like  structures  in  the  basal  portion  of 
the  cells  of  the  hairs  and  occasionally  also  in  the  subsidiary  cells  of  the  hairs 
(s|XH:ies  of  Cerinthe^  Onosma^  &c..  Fig.  127,  B-D) ;  the  occurrence  of  wedges  of 
i)a>t  in  the  xylem-mass  in  Toumrfartia  kirstUtssifna  (according  to  Criiger). 

2.  Stricture  of  the  Leaf.  In  the  general  features  of  the  leaf-stmctore 
the  greatest  variations  occur,  as  might  be  expected.  All  transitions  from 
typical  centric  leaves  to  those  of  bifacial  structure  are  founds  sometimes  even 
in  the  same  genus,  as  Mez  has  sho^^-n  in  the  case  of  Cordia,  The  palisade  and 
>ixmpy  tissues  also  exhibit  variations.  According  to  Mez,  it  is  to  be  noted  that 
in  the  genus  Cordia  the  species  of  the  section  Gerascanikus  have  a  palisade  of 
several  layers,  whereas  all  the  remaining  species  of  Cordia  with  the  single  ex- 
ception of  r.  gerascanthoides^  H.  B.  K.,  exhibit  a  single  layer  of  palisade-cells, 
some  of  which  may  be  divided  by  horizontal  walls  (especially  in  the  sp)edes  of 
t  he  section  Crrascanthopsis).  The  cells  composing  the  middle  tissue  in  the  centric 
leave>  of  Lithosprrmum  callosum^  Vahl  contain  little  chlorophyll,  while  those  of 
Kchiochilon  fruticosum,  Desf.  and  other  species  have  clear  contents,  and  in  those 
of  Trichodesnia  africanum,  R.  Br.  the  contents  are  mucilaginous  (Volkens). 
The  >tructure  of  the  smaller  veins  has  only  been  examined  in  detail  in  Cordia^ 
where  they  show  a  tendency  to  be  vertically  transcurrent  above  and  below,  or, 
at  any  rate,  alwve.  In  Heliotropium  fruiicosum^  L.  the  vascular  bundles  of  the 
viins  are  surrounded  by  a  sheath  of  i^arenchymatous  cells  ^^ith  wide  lumina. 
S'lerenchNTnatous  fibres,  running  irregularly  in  the  mesophyll  and  connected 
with  the  sclerench\Tna  of  the  veins,  have  only  been  recorded  in  Cordia  Sprttcei^ 
Miz.  The  epidermal  cells  ol  the  leaf  liave  straight  or  undulated  lateral  walls. 
Neither  development  of  hyjxKierm  nor  gelatinization  of  the  epidermis '  of  the 
Kill  has  been  ol^Tved  in  any  meml)er  of  the  Order  ;  on  the  other  hand,  papillose 
<lif1erentiation  of  the  lower  epidermis  occurs  in  some  species  of  Cordia  (C.  ferru- 
f:tPtett,  K.  et  Sch.,  C.  oaxacana^  A.  DC.,  and  C  glanduhsa^  Fres.,  belonging  to 
xhv  section  Varronia).  According  to  Strasburger  and  Vesque,  the  stoinata 
Ulong  to  the  Cruciferous  Xy\^,  but  this  is  frequently  obscured  so  that  no  special 
arrangement  of  the  epidermal  cells  around  the  guard-cells  is  recognizable.  In 
the  ca>e  of  Cordia,  Mez  states  that  the  stomata  may  either  lie  on  a  level  with  the 
rpidermal  cells,  or  may  be  depressed  (C  subopposiia,  A.  DC.  and  C.  Rothii^  R.  ct 
Sih).  or  elevated  ;  according  to  the  same  obserN'er,  strongly  elevated  stomata 
cK*rur,  lor  instance,  in  all  s|iecies  of  the  section  Varronia,  in  C  Ckamissoniana^ 
Steud.  and  C.  insignis,  Cham.,  and  stomata  borne  on  an  elevation  like  a  shaggy 
luiir  in  r.  macrophylla.  Mill.,  C.  Selloxciana^  Cham.,  and  C.  pubesctns^  Wmd. 
Similar  features  may  well  be  of  frequent  occurrence  in  other  members  of  the 
( )rder.  With  regard  to  the  distribution  of  the  stomata,  we  may  mention  that 
S  hil^Ier,  who  chiefly  examined  li%ing,  native  species,  met  with  them  in  most 
4Mv<>  on  l)oth  sides  of  the  leaf.  In  the  genas  Cordia  they  are  mostly  found  on 
tlio  lower  side  only,  more  rarely  on  both  surfaces  of  the  leaf. 

The  hairy  covering  has  very  great  systematic  importance.  Both  clothing 
.in<l  glandular  hairs  occur.  The  characteristic  clothing  hairs  (cf.  Fig.  127,  B-D) 
are  unicellular,  conical,  bristle-hairs  or  strigae  wth  a  rather  thick,  smooth  or 
\  trruroso  wall ;  they  have  a  cystolith-like  character  o^ing  to  calcification  and 
-inniltaneous  silicification  of  the  tip  or  of  the  entire  wall  of  the  hair,  or  owing  to 
the  hlling  up  of  the  lumen  of  the  hair  \*'ith  carbonate  of  lime,  or  the  development 
<»1  a  ry>tolith-Hke  body  in  the  basal  ix>rtion  of  the  hair,  which  is  often  bulbous 

'  i  »n  the  other  hand,  accordinf"  to  IV  Haiy  and  Frank,  mucilage  U  found  in  imracnae  quDtitlet 
in  the  nMit«  of  the  Bormgincac  (5>M/if  Ar«r.  Cyncgl^sMm^ ;  it  is  stated  that  this  modlage  ti  not  titt 
{TiKJuct  of  metamorphosis  of  the  cell-wall,  but  that  it  repreacots  cell-cootenti. 
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and  swollen.  These  hairs  are  the  cause  of  the  rough  surface  of  the  leaves, 
in  the  Boragineae.  The  glandular  hairs  (cf.  Fig.  126,  F-/)  may  have  a  sh 
stalk  of  one  or  a  few  cells,  or  a  longer  stalk  consisting  of  more  numerous  0 
but  uniseriate ;  in  all  cases  the  head  is  unicellular  but  may  vary  in  shape. 
addition  to  these  two  main  types,  the  following  forms  occur :  simple  u 
seriate  hairs,  according  to  Mez  in  Cordia^  and,  according  to  C.  Schmidt,  in  ot! 
members  of  the  Order  also  (species  of  Symphytum^  Borago^  MyosoHs^  Echimi 
uni-  or  multicellular  branched  hairs,  uni-  or  multicellular  malpighian  ha 
stellate  hairs  and  *  Kropfhaare '  (unicellular,  semi-malpighian  hairs)  accord 
to  Mez  in  certain  species  of  Cordia  ;  also  unicellular,  malpighian  hairs  wit] 
calcified  wall,  according  to  my  own  observation,  in  Halgania. 

The  bristle-hairs  or  strigae  (Fig.  127,  B-D)  are  conical,  unicellular  trichoiE 
which  are  inserted  upright  or  obliquely  on  the  surface  of  the  organ  ;  their  s 
face  is  smooth,  granular,  or  vemicose.  Typically,  they  are  thick-walled  and. 
stated  above,  cystolith-likc.  Their  wall  is  impregnated  with  silica.  The  caldfi 
tion  either  extends  only  to  the  tip  or  to  the  entire  body  of  the  hair,  the  lumen 
the  latter  being  in  many  cases  occupied  by  cellulose-caps,  between  which  carboa 
of  lime  is  deposited,  sometimes  to  such  an  extent  that  tne  whole  trichome  appears 
be  filled  witn  lime.  The  cystolith-like  bodies  in  the  base  of  the  hair,  whicn  is  ofi 
strongly  swollen  in  a  bulbous  form,  wiU  be  referred  to  below.  The  biistle-hairs  . 
not  uncommonly  accompanied  by  special  subsidiary  cells,  differing  from  the  oti 
epidermal  cells  in  shape.  The  subsidiary  cells  exmbit  a  more  typical  different 
tion  when,  as  in  the  hair,  calcification  of  the  cell- wall  occurs,  or  cystoUth-li 
bodies  appear,  or  when  they  project  above  the  level  of  the  other  epidermal  a 
and  form  a  kind  of  pedestal,  bearing  the  hair.  The  int^nal  tissue  of  the  I 
sometimes  also  takes  part  in  the  formation  of  these  pedestals  {Anchusa  arvens\ 
A  scries  of  unicellular  hairs,  which  may  be  consider^  as  modifications  of  brisT 
hairs,  may  now  be  referred  to.  Among  these  are  unicellular  hairs,  bent  into  1 
form  of  a  hook  at  the  apex  (bracket-hairs),  and  stated  by  Schibler  to  occur  on  1 
calyx  of  Myosotis  and  on  the  leaf-surface  of  Symphytum  officinale ;  and  also  the  hi 
occurring  in  Cynoglossum,  Lithospermum  oleaefoiium^  Eritrichium^  and  Heiioiwopiu 
according  to  Schibler,  as  well  as  in  Borago  officinalis,  according  to  my  own  obsen 
tion,  ancf  consisting  of  a  small,  bulbous  basal  portion  and  a  very  loiu;,  narrow,  a 
thin-walled  terminal  portion  resembling  a  mycelium.  Other  modiroations  of  t 
bristle-hairs  are  due  to  a  reduction  in  length,  or  a  reduction  of  the  hair-Uke,  terroii 
portion.  These  modifications  arc  connected  with  a  stronger  development  of  t 
cystolith-character  of  these  hairs.  In  the  Boragineae  there  is  a  distinct  antagoni 
between  the  two  tendencies  to  form  trichomes  and  cystoliths  respectively.  In  t 
long  bristle-hairs  no  cystolith  is  present,  only  the  wall  bdng  calcified,  or  even  01 
the  tip  of  the  hair.  Secondly,  in  slightly  smaller  bristle-hairs  the  formation  of  pli 
of  lime  filling  the  lumina  of  the  hairs  is  common.  And  finally,  still  smaller  hairs  a 
tain  a  true  cystolith  in  their  basal  portion.  The  smaUer  tne  body  of  the  hair,  t 
more  typical  and  wcll-diffcrcntiated  is  this  cystolith  and,  as  the  extreme  case,  t 
finest  cystoliths  are  met  with  in  epidermal  cells  which  show  no  trace  of  hair-devek 
ment.  This  reduction  of  the  body  of  the  hair  and  the  accompanying  strong 
development  of  the  cystohths  has  been  followed  in  its  details  by  Mex  in  Cordia^  a 
is  probably  to  be  found  in  numerous  other  members  of  the  Order.  The  reduction 
the  bristle-hairs  is  vcr>'  marked  in  the  leaves  of  Cordia  mncronaia^  Fres.  and  the  spec 
of  the  two  sections  Crassifoliae  and  Tectigerae.  In  C.  mucronaia  the  hair  is  alim 
reduced  to  its  basal  portion,  and  scarcely  projects  above  the  level  of  the  epiderm 
In  all  the  Tectigerae  the  base  of  the  hair,  which  is  still  more  depressed  than  in  t 
last  case,  bears  nothing  more  than  warts,  analorous  to  the  structures  canring  t 
roughness  of  the  surface  of  the  bristle-hairs  in  other  cases.  And  in  the  Crasttfob 
one  sees  what  appear  to  be  independent  cystoliths  in  correspondingly  enlaned  t\ 
dermal  cells — which,  as  a  matter  of  fact,  actually  occur  in  certain  spedea  of  Con 
(see  below) — while  only  an  extremely  small  solid  apiculus  remains  to  represent  I 
actual  body  of  the  hair. 

Simple  uniseriate  hairs  have  been  obser\-ed  in  species  of  Cordia^  Borafo^  Eckim 
Myosotis,  and  Symphytum,  In  the  species  of  Cordia  bekmsing  to  the  tectic 
Sebestenoides  and  Myxa,  they  consist  of  two  cells  with  wide  Inmina,  via.  a  sKk 
stalk-cell  and  a  long,  tubular,  terminal  cell.     Many-celled,  simple,  uniseriate  ba 
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occur  in  the  species  of  Cordis  belonging  to  the  section  Eremocardia.  With  such 
hairs  we  may  class  the  branched  trichomes  (Fig.  126,  A-B)^  observed  by  Mes  in 
Cofdia  monaica,  Roxb.,  and  C  ovaliSf  R.  Br.  They  are  multiceUular  and  either 
consist  (a)  of  a  stalk-cell  with  a  few  cells  attached  to  it  in  a  dictate  manner,  so 
that  the  whole  structure  appears  like  a  hand,  or  (b)  of  a  row  of  cells,  some  of  which 
grow  out  laterally  as  branches,  so  that  the  whole  trichome  reminds  one  of  the  antlers 
of  a  stag.  Here  we  may  also  mention  the  unicellular  trichomes  (Fig.  126,  C),  ob- 
served hy  Mes  in  an  undetermined  species  of  Cordia  and  described  by  him  as  den- 
droid hairs  ;  they  recall  to  some  extent  the  appearance  of  certain  speaes  of  Opuntia, 
Malpighian  or  two-armed  hairs  have  in  the  first  place  been  recorded  in  CoraM ;  in 
this  genus,  according  to  Mes,  they  are  found  in  the  groups  of  species  named  Myxae 
and  Tectigerae,  and  are  especially  well  developed  in  Eremocordia,  while  thev  are  often 
less  distinctly  differentiated  in  Sebestsnaidss.  The  hairs  in  question  nave  wide 
lumina  and  show  no  trace  of  secretion.  Well-developed,  two-armed  hairs  are 
mentioned  by  Mes  as  occurring  in  Cordia  CoUococca^  L.,  C.  Myxa,  L.,  C.  umbracuiu 
letm,  A.  DC,  and  C.  niiida,  VahL  In  C.  Myxa  they  are  unicellular  ;  the  arms  are 
of  eaual  length,  and  are  either  placed  horizontally,  or  directed  upwards  in  the  form 
of  a  V  or  dou-nwards  in  the  form  of  an  inverted  V.     In  the  same  species  hairs  shaped 


NX  ^ 


Fig.  I  j<».    Clothtiif  and  flaiKkUr  Kain  of  the  Borariiiei 
,  C  artUm  fuptrkm^  Chain.    £  Ctr^Um  MmkofptHm^  A.  DC. 
.  Cham.    J.  Cordim  fUmdmUm^  Prea.— After  Mes. 


e.    A-B. 
P.  Vmrrvmim. 


»,  to.  aff. 


hke  boot- jacks  are  also  found,  owing  to  the  splitting  of  one  arm.  In  other  cases  the 
iirms  are  somewhat  unequal,  and  septation  of  the  malpighian  hairs  may  occur 
(especially  in  the  section  Ertmocordia) ;  this  septation  may  be  restricted  to  the 
stalk  (as  in  C.  SebesUna,  L.)f  so  that  the  latter  becomes  uniseriate,  or  it  also  extends 
to  the  arms  (Fig.  126,  £),  as  in  C.  subo/yposita,  A.  DC,  where,  for  example,  accom- 
panying two-armed  hairs  with  a  unicellular  stalk  and  a  unicellular  terminal  portion, 
others  occur,  in  which  the  stalk  is  unicellular,  whilst  the  terminal  portion  is  three-celled 
owing  to  the  appearance  of  a  division- wall  in  each  of  the  arms ;  septation  also  occurs 
in  C.jrandis,  Koxb.,  C.  subopposita  (sphalm.  '  opposiHfolia  '  in  Mes's  work),  A.  DC» 
and  C.  Rothii,  Roem.  et  Schult.,  in  which  the  elongated  arms  are  often  irregularly 
contorted  and  consist  of  a  whole  row  of  cells.  Besides  occurring  in  Cordia,  the  two- 
armed  hairs  are  also  found  in  the  genus  Halgania  (//.  strigosa,  Schlecht.),  according 
to  a  casual  observation  of  my  own.  In  this  genus  they  are  unicellular  and  possess 
a  stronglv  thickened  cell-waU,  which,  as  in  the  bristle-hairs,  is  encrusted  with  car- 
bonate of  hme  and  is  also  covered  with  small  knobs. 

The  trichomes,  described  by  Mes  as  *  Kropfhaare,*  and  observed  in  species  of 
Cordta,  are  very  closely  related  to  the  two-armed  hairs  and  might  also  be  termed 
Nomi-malpighian  or  one-armed  hairs  (Fig.  126,  D).  They  are  invariably  unicdlular 
and  have  t&ck  walls,  which  are  often  provided  with  knoM.  Their  termmal  portion, 
which  is  seated  on  a  short  stalk,  is  either  narrow  and  filiform  or  swollen  and  ovoid. 
The^  hairs  are  stated  by  Mes  to  occur  in  species  belonging  to  the  sections  Gira- 
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scanthopsis,  Myxae,  Superbac,  and  Crassifoliac.  The  trichomes  observed  by  t 
same  author  in  some  species  of  the  section  Varronia^  e.g.  C.  Radula^  Spreng..  i 
regarded  by  him  as  a  modification  of  the  '  Kropfhaare* ;  they  consist,  so  to  spe« 
of  a  stalkless  'crop-hair/  the  swollen  end  of  which  is  inserted  transversely  up 
a  multiseriate  pedestal. 

According  to  Mez,  stellate  hairs  occur  especially  in  the  species  of  Cordia  beloogi 
to  the  section  Gerascanthus,  As  a  rule  they  consist  of  a  multiseriate  pedestal 
varying  height  crowned  at  the  apex  by  the  ray -cells,  which  have  thick  walls  a 
narrow  lununa,  and  either  show  a  true  stellate  or  a  tufted  arrangement.  Outsi 
the  section  Gerascanthus,  Mez  only  met  with  stellate  hairs  in  C.  nodosa.  Lam.. 
grandi folia,  A.  DC.,  C.  scabrida.  Mart.,  C.  sericicalyx,  A.  DC.,  and  C.  multispic^ 
Cham.  ;  in  these  species  the  stellate  hairs  have  a  different  structure,  since  thev  ha 
no  special  supporting  pedestal  and  their  rav-cells  are  long  and  smooth,  f  inaJ 
the  trichomes,  to  which  Onosma  stellulaium,  Waldst.  et  Kit.  owes  its  specific  nan 
may  be  mentioned.  These  are  not  true  stellate  hairs,  but  are  really  ordinar>-  bnsti 
with  subsidiary  cells,  some  of  which  have  grown  out  as  hairs.  In  this  way  a  re: 
tively  long  bristle-hair  appears  to  be  surrounded  by  1-2  rings  of  shorter  tiichoTar 
and  thus  the  entire  group  acquires  a  stellate  appearance. 

The  glandular  hairs  (Fig.  1 26,  F-J)  have  been  observed  by  C  Schmidt,  Schibl- 
and  Mez  in  the  genera  Alkanna,  Anchusa,  Borago^  Cordia,  Echium^  HeiiotropiM 
Lithospermum,  Lycopsis,  Nonnea,  Onosma,  Patagonula,  Pulmonaria,  and  Symph\:ui 
The  stalk  may  be  either  short  and  formed  by  one  or  a  few  cells,  or  long  and  c  >: 
posed  of  a  larger  number  of  cells.  The  head,  which  is  always  unicellular,  van 
greatly  in  shape,  and  has  different  modes  of  insertion,  as  Mez  has  shown  in  the  lu 
of  Cordia.  It  may  be  either  spherical  (sect.  Varronia),  or  ellipsoidal  (C.  leucoc^^', 
Fres.,  and  related  species),  or  ovoid  (C.  angusiifolia,  R.  et  bch.),  or  obovoid 
Atihletii,  DC),  being  attached  to  the  stalk  in  the  normal  way  in  aU  these  cases, 
finally,  it  may  be  ellipsoidal  or  biscuit-shaped,  and  is  then  attached  to  the  stalk  I 
one  end  (e.g.  C  superoa,  Cham.).  Glandular  hairs  with  a  uniseriate  stalk,  in  whi 
one  or  other  of  the  stalk-cells  is  swollen  into  a  capitate  fornu  but  i^ithout  posses»2i 
a  secretory  function  (C.  glandulosa,  Fres.  and  C.  angusiifolia,  R.  et  Sch.),  may  ^ 
be  specially  mentioned. 

The  occurrence  of  cystoliths  and  cystolith-like  structures  is  very  cha:j 
teristic  of  the  Boragineae.  Independent  cystoliths^  i.  e.  such  as  occur  in*: 
pendently  of  hairs,  have  only  been  observed  in  the  genera  Cordia  and  Touth 
fortia,  but  a  more  extensive  investigation  will  probably  lead  to  their  being  lou: 
in  other  genera.  Radlkofer  first  drew  attention  to  the  occurrence  of  independt 
cystoliths  in  the  genus  Cordia  ;  according  to  Mez,  they  are  found  in  the  sjieci 
of  Cordia  belonging  to  the  sections  GerascafUkus,  Gerascanlhopsis^  and  Afyxa,  ai 
are  thus  of  great  systematic  value  for  the  subdivision  of  the  genus.  In  the  ger.) 
Tonrnefortia  also,  in  which  Mez  first  observed  these  cystoliths,  they  are  confirm 
to  a  certain  number  of  the  species,  such  as  T,  volubtlis,  L.,  T.  foeiidissima,  I 
T.  hicolor,  Sw.,  and  T,  scabra.  Lam.,  whilst  they  are  wanting  c.  g.  in  T.  gnapk 
lodes,  R.  Br.,  T.  corymbosa,  Willd.  and  T.  floribunda^  H.  B.  K. 

The  cystoliths  of  Cordia  have  been  more  thoroughly  examined  bv  Radlkoi 
and  Mez.  In  the  leaf  (Fig.  127,  A)  they  are  found  only  in  enlarged  epidermal  ceii 
which  penetrate  into  the  mesophyll  to  a  varying  depth,  but  they  never  occur 
cells  actually  belonging  to  the  mesophyll.  Cystolith-formation  takes  place  mo 
commonly  in  the  up^x^r  epidermis  of  the  leaf,  it  being  exceptional  for  cystoliti 
to  be  present  in  abundance  in  the  lower  epidermis  also,  e.g.  in  C.  laevigata,  Lai 
Often  only  quite  a  small  portion  of  the  surface  of  the  ceUs  bearing  the  cystoliti 
takes  part  in  the  formation  of  the  leaf-surface  :  sometimes,  as  in  C.  CoUococ: 
L.  or  C.  reticulata,  Vahl,  they  are  depressed  to  such  an  extent  that  small  pits,  whi« 
can  be  recognized  with  a  lens,  occur  above  the  cystoUth-cells.  The  latter  are.  < 
a  rule,  isolated,  groups  of  two  or  tlu*ee  only  occurring  exceptionally,  e.g.  on  tl 
lower  side  of  the  leaf  of  C.  alliodora,  Cham,  and  C.  Gerascanthus,  Jacq.  In  stu] 
the  independent  cystoliths  of  Cordia  are  spherical  or  ellipsoidal  bodies,  which  usual 
have  a  distinct  stalk,  and  a  smooth  or  verrucose  surface,  and  show  stratification  ax 
radial  striation  like  the  well-known  cystoUths  of  Ficus.  The  st^k  of  the  cystoliti 
varies  in  length — cystoUths  which  have  no  stalk  are  of  rare  occurrence  (e.  g.  C.  glabfJt: 
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A.  DC.).  The  cystoliths  of  Ccrdia  cuyabtnsis^  M.  et  Lh.  and  C.  mUiodara^  Cham., 
which  are  situated  above  the  veins  of  the  leaf,  are  distinguished  by  their  special 
form,  recalhng  that  of  the  well-known  cystoUths  of  PUea  ;  the  cells  containing  them 
have  a  correspondingly  elongated  shape.  Radlkofer  makes  the  following  remarks 
concerning  the  chemical  reactions  of  the  c>'stoliths  of  Cardta.  The  cystoliths  are 
either  calcified  or  non-calcified  ;  in  the  former  case  they  are  doubly  refractive,  when 
con:$iderable  quantities  of  lime  are  present.  Cystoliths  with  or  without  lime  may 
occur  side  by  side  in  the  same  leaf,  e.  g.  in  C.  Gerascanihus^  J^^*  The  stalk  proves 
to  be  sihcified,  e.  e.  in  the  species  just  named.  The  portion  central  to  the  layers  of 
stratification,  and  attached  to  the  stalk«  and  more  rarely  the  outer  layers  also,  give 
cellulose-reactions  with  iodine  and  sulphuric  acid  after  decalcification. 


h  ic   lij     A,  PortioQ  ci  a  transrrrw  aectioa  of  a  leaf  of  CanUm  Ctrmttmmikmt^  Jm^-.  **iIi  •  cyrtoHd^ceM. 
B  i>.  C  >«colith-Iike  itrectmrrfl  ia  the  bain  and  aJiaceat  Mfa«diary  crib  in  Uikotptnmmm  fffUinak^  ll— OrifiaaL 

The  cystolith-like  stmctiires  (Fig.  127,  B-D\  occurring  in  the  basal 
IMjrtions  ot  the  bristle-hairs,  are  of  much  wider  distribution  than  the  inde- 
l)t'ndent  cystoUths ;  they  may  be  termed  hair-cystoliths.  They  no  doubt 
(Kcur  in  the  majority  of  the  Boragineae,  and  have  been  examined  in 
>})ecial  detail  in  the  genus  Cardia  by  Mez.  We  have  already  referred  to  the 
antagonism  existing  between  the  well-marked  differentiation  of  the  hair,  and  the 
tull  development  of  a  large  cystoUth.  The  hair-c>*stoliths  never  have  a  distinct 
stalk  ;  they  are  either  situated  on  the  lateral  wall  of  the  usually  bulbous 
hd>c  of  the  bristle-hair,  or  they  are  attached  to  the  terminal  portion  of  the 
hai[  :  this  is  the  case  in  those  trichomes  in  which  the  terminal  portion  has 
Ucoine  solid  by  the  development  of  cellulose-caps  and  by  calcification ;  the 
iy.Ntolith-hke  body  then  projects  convexly  into  the  basal  portion  and  often 
almo>t  completely  fills  it.  In  most  cases  only  a  single  cystolith-Iike  structure 
IS  found  in  each  hair,  rarely  more,  as  occasionally  seen  in  Cordia  p^bescens^ 
W'llKi.  or  r.  miralnliflora,  A.  DC.,  according  to  Mez  ;  in  the  latter  case  the 
( y^tohth-bodies  sometimes  (C.  ahyssinica^  R.  Br.)  coalesce  to  form  alobed  mass. 
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In  many  cases  the  development  of  cystoliths  is  not  confined  to  the  trichoines» 
but  extends  to  a  larger  or  smaller  group  of  neighbouring  epidermal  cells.  In 
this  way  structures  originate  which  are  even  visible  to  the  naked  eye  and  pro- 
ject as  small  knobs  or  small  scales.  De  Bary  first  described  these  cystdith-Iike 
structures  and  mentions  their  occurrence  in  species  of  Cerintke^  Onosmm^  Eddum^ 
Litkospermum  (Fig.  127,  C-D)  and  Anchusa  ;  to  these,  according  to  more  recent 
observations,  we  must  add  species  of  Cordia^  Cacdnia^  Pulmonana  and  Lyccpsis^ 
and  no  doubt  many  other  genera.  In  the  case  in  question,  the  base  of  the 
bristle-hair  often  (as  in  Cerinike)  shows  rudimentary  development ;  it  is  sunk 
in  the  epidermis  and  surrounded  by  one  or  by  several  concentric  series  of 
epidermal  cells,  which  are  distinguished  by  the  fact  that  the  whole  surface  of 
the  wall  directed  towards  the  hair  is  provided  with  a  cystolith-hke,  calcified 
thickening  ;  this  projects  like  a  hump,  and  fills  one-half,  two-thirds,  or  occasion- 
ally almost  the  whole  of  the  lumen  in  the  cells  in  question.  Sovnetimes  the 
epidermal  cells  lying  nearest  to  the  hair  have  only  audfied  walls,  and  it  is  the 
outer  series  of  cells  alone  that  contain  cystolith-Iike  bodies.  A  special  case, 
observed  by  Mez,  in  C.  Sebestena^  L.,  is  noteworthy.  Here  the  outennost  series 
of  cells  in  \he  small  knob  connected  with  the  hair  is  surrounded  by  epidermal 
cells,  which  are  provided  with  quite  small,  cystolith-like  bodies  on  the  waUs 
facing  the  hair  and  the  group  of  cystolith-<^lls  surrounding  it;  several  of  these 
bodies  occur  in  each  cell,  and  together  they  form  an  entire  ring  round  the  hair 
with  its  group  of  cystolith-containing  sub»diary  cells.  Mez  observed  similar 
small  cystoliths  independently  of  the  hairs  in  some  species  of  Cardia  (e.g.  C.  syt' 
vesiris^  Fres.),  in  groups  of  2-5,  or  rarely  more,  the  cystoliths  occurring  sinj^y 
in  the  comers  of  ordinary  adjacent  epidermal  cells  of  the  leaf. 

In  connexion  with  the  cystoliths  and  cystolith-like  stnicturet  it  may  be  added 
that  several  of  the  forms  described  abo\x  mav  occasionally  occur  in  the  tame  organ 
of  the  same  species.  In  the  systematic  use  ot  the  various  lorms  a  certain  amount  of 
discretion  must  be  employed  in  their  determination,  as  is  sufiBdently  shown  by  Mec's 
treatise  on  the  genus  dordia. 

Oxalate  of  lime  is  present  in  the  form  of  relatively  small  solitary  crystals, 
small  acicular  crvstals,  clustered  crystals  and  crystal-sand.  Accordiitf  to  Mez,  all 
these  forms  are  found  in  the  genas  Cordia,  In  species  of  Ekretia  andin  RkmbdtM 
viminea,  Dalz.  Mez  only  met  with  clustered  crystals  in  the  tissue  of  the  leaf. 
Crystal-sand  \  besides  occurring  in  the  genus  Cordia^  has  been  observed  by  me 
in  Pataganula^  by  Radlkofer  in  Saccelium  and  by  Mez  in  Toumefariia,  The 
occurrence  of  sacs  containing  crystal-sand  in  the  tissue  of  the  Anacahuit-wood, 
which  is  derived  from  Cardia  Boissieri^  is  interesting  (Vogl,  H5hnel)« 

The  structure  of  the  petiole  has  been  investigated  by  Petit  in  species  of  Ancku$A^ 
Borago,  Cynoglossum,  Heliotropium  and  Symphytum^  as  well  as  in  Cardim  SA$UmmM 
and  Patagontda  americana.  In  the  first-named  genera  the  fibro-vaacular  system  in 
the  characteristic  region  either  forms  an  arc  of  isolated  vascular  bundles  (of  wlucb 
the  median  one  is  usually  strongly  developed),  or  (in  Hiliotropium  tunipm^tum)  a 
simple  arc  of  wood  and  bast ;  on  the  other  hand,  in  the  two  woody  species  of  CortfM 
and  Patagonttia  referred  to,  there  is  in  the  same  region  a  ring  of  vascular  bundles, 
on  the  upper  side  of  which  two  additional  psdn  of  bundles  are  situated  in  a  sym- 
metrical lateral  position. 

3.  Structure  of  the  Axis.  The  vascular  bundles  are  throughoot  of 
simple,  collateral  structure.  Vesque  erroneously  attributed  ^collateral  stroc- 
ture  to  Borago  officinalis^  Symphytum  and  Nomina  ;  he  is  ri^ht  in  describing  the 
same  structure  in  Cwrabowskia  boerkaaviaefolia^  Schlecht.,  which  must,  however, 
be  referred  to  the  Solanaceae  in  accordance  with  the  view  of  nKxlem  systematists 
and  also  with  its  anatomical  features. 


'  Kobl\  !»iACemcDt  -Kalkialze,  |>.  35)*  tlut  all  invciticatetl  i^coera  of  the 
crys:al-!»iu)(I,  is  incorrect  and  requires  coouderalile  mirictioa. 
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The  following  facts  are  known  regarding  the  stnicture  of  the  wood.  This 
tissue  forms  a  connected  ring  in  most  members  of  the  Order,  even  in  the  majority^ 
of  the  herbaceous  genera  (accordiiig  to  Schibler).  The  meduUaxy  rays  of  the 
wood  are  narrow,  though  occasionally  of  some  little  breadth  in  CmHa  and 
PaiafOHfifa,  where  they  may  be  four  cells  broad ;  no  medullary  rays  are  pcesent 
in  the  herbaceous  members  of  the  tribes  Borageae  and  Ehretieae  ^^i^^iiH  by 
Schibler.    The  arrangement  of  the  vessels  ami  the  sixe  of  their  lumina  vary 

gnaximum  diameters  045  mm.  in  Liikospermmm  ffttHcosum^  L^  -003  mm.  in 
kreiia  serraia^  Roxb.).  The  perforations  of  the  vesseb  are  generally  simple ; 
special  forms  have  been  obsemd  in  CahUa  Myxa^  L.,  vi^  isolated,  retiouate 
perforations  (Prael,  Pdmrencke),  and  in  the  narrower  vessels  of  LUko^penmtm 
fruHcosum^  perfcnrated  bordered  pits  with  broadly  elliptical  openings,  which 
cross  one  another.  Spiral  thickening  is  found  m  the  narrower  vessels  of 
Ekreiia  serraia  and  iMhotp^nmtm  fruHcosum ;  in  the  last-named  species  it 
also  occurs  in  the  prosenchj^ma  with  bordered  pits.  The  wood-parench]^ma 
is,  as  a  rule,  scantily  developed;  in  EknUa  serraia  it  fonns  tangential 
bands  in  the  wood.  The  wood-prosenchj^ma  bears  simple  pits  in  CanUa 
and  Palaeonula ;  in  the  other  cases  (species  of  Toumefcma^  LUhospermmn^ 
EkreHa^  Heliotropium^  EckiockiUm)  it  is  provided  with  bordered  pits. 

The  pith  is  cominonly  composed  of  unlignified  cells.  At  the  outer  limit  of 
the  bast  isolated  groups  of  hard  bast  are  usually  present,  but  may  be 
absent.  In  the  latter  case  especiaUy  a  distinct  starcn-sheath  is  developed 
(Schibler).  In  the  genus  Cardia  a  stratification  of  the  secondary  bast  by  means 
of  groups  of  bast-fiores  has  been  demonstrated  by  Mex.  According  to  Mes, 
Schibler  and  Schlepegrell,  the  cork  either  originates  subepidermally  (Coriia^ 
Toumefortia)^  or  in  a  layer  in  the  middle  of  the  primary  cortex  {Hduirapium 
^uvianum)^  or  in  the  pericyde  {Echium  canHcam).  The  cork-ceUs  may  either 
have  thin  walk  {ToumeforHa  cymosa)  or  some  of  them  may  be  strongly  thidomed 
{Cardia  ulmifolia^  Paiagontda  americana). 

Anomalous  stmctare  of  the  axis  is  only  known  in  the  case  of  Taurnefartia 
MrsMhssimo,  from  Crfiger's  researches.  The  xykm-mass  of  this  species  has 
deep  furrows,  which  are  fiUed  with  bast-tissue.  Towmefartia  laarigaia  has 
normal  structure,  according  to  H.  Schenck. 

Litermtiire:  Criiccr,  in  BoC  Zcit  1851,  p.  468  aad  TaK  WL— Fnmk,  Schlchec,  PkingilieiB 
Jahrb.,  Bd.  ▼,  1S66-7,  pp.  181-3  and  Tab.  zri.— Stmabniger,  SfMStbu,  PriocriMlm  Jakri».,  Bd.  t, 
1866-7,  P*  33^.— Raater,  TridioiBfeb.,  Denkiehr.  WIentr  Akad.  1871,  pp.  11,  «|  aad  TaK  irl,  viL-» 
Delbfoodi,  Pflaainwtarh.,  HaMteio,  Bot.  Abh.,  Bd.  ii,  187ft,  P- 19  ^^  aiq.^V«qBt,  In  Ann.  ac  aat, 
t^.  6,  t  ii,  1S75,  p.  I4i.»lfdller,  Holianat.,  Denkickr.  WloMr  Akad.  i876»  pp.  57  and  SIS'— 
He  Bary,  VcrvL  AnaL,  1S77.— K.  Rkkter,  CTtloUckn  Silt.-Bcr.  Wiener  Akn£  1877, 
34  pp.  aad  a  Tab^-Hdhnd,  In  Sita.-Ber.  Wiener  Aknd.,  Bd.  Imhr,  Abl.  i,  1881,  p. 
BicoU -    «       ^      — .    _     . 


»lUt  Gcfiiab.,  Englcr,  Bot  Jakrb.,  Bd.  iU,  i88a,  p.  jS^— H.  Hchendr,  Wi 
HoQo.  1884, tv  II  etc— VeaipK,  GaaBopftalcs,  Ann.  ae.  nat,  afr.  7,  t  i,  1885, pp.  194-7. 


Holntr.,  1885,  pp.  184-6.— O.  Bachmaaa,  Scbild.,  FloA  i88s,  aep.  copy,  pp.  a4|.  «^— Lokior, 
Wnnel,  Wigand,  ^t.  Hefto,  U,  1887.  p.  35  et  acq.— iSckiblef,  Anal.  &  Bt  n.  Stdtr  &,  Din.. Bm, 
1887, 64  pp.~FieUt,  PMolc,  Ifte.  Soc  ac  phva.  ci  nat.  do  Bofdeanx,8^.  |,tUL  1887,  pobfttOb  a6l 
and  pi.  tL— Volkeaa,  AcmL-aiaK  Wilate,  1887,  pp.  i|i-l  and  Tah.  vitt,  x  aad  xItw— C.  Sdnjdt, 
Behaar.  d.  Labiaten  a.  B-Tuiaa.,  Frdbnrg,  1888,  pp.  ftl-6l  (anpetfioial  wotk,no>ofen  takfag  connt  of 
the  calcification  of  tke  bain).~Pira«l,  in  Pringihcim  Jakiti,  Bd.  lis,  i888Lp.  48  and  Tah.1— XoU, 
in  Bot.  Centralbl.  1889, 1,  pp.  i,  3,  and  Kalkaalae  etc,  iSSo,  v.  141.— (^  IWolo,  Act  Son.  Unn. 
(le  Bocdeaox,  t.  43,  1889,  p.  |o  and  pL  i.— Radlkoler,  ai  aia.^Bcr.  Mtoeh.  Akad.  1890,  p.  iiS 
et  leq.— Mei,  Monk.  a.  anat  tod.  Iber  die  Gr.  d.  Cordiav,  fiifler,  Bot  Jakfk,  Bd.  xfi,  iSjIcl 
pp.  526-88  and  Tah.  hr-v^— Scklepegiall,  Anat.  d.  Tnkiflonn,  Bot  CantmlbL  i8m,  i, jpp,  SfO  aU 
i57  et  ieq.~Garke,  in  NatiiiL  PSaniriihm  ,  It.  Tell,  Abl.  3, 180a,  pp.  73,  74.^H.  ^^'•■■^Ef  ^^^'^ 
d.  LiaacB.  1893,  pp.  an,  aia.— Hcrtnt,  Marintr.,  Bot  CcntnabL  1894,  Lpp*  I57a  I|8.— VMov, 
Blattxaboe,  Arch.  d.  Pham.  1896,  aap.  copy,  pp.  36  and  36.— Waniinc,  Batofyt  SM.,  T  ~" 
Vid.  Seltk.  Slrr.  1 897,  pp.  189,  a09  and  119. 


'  In  Swmpkytmm  ^fkimmh  and  /WJawnorfa  ^tm&Kt  tbo 
•nlignificd  tiane  (Scklcpcgrall). 
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CONVOLVULACEAE '. 

I.  Review  OF  the  Anatomical  Features.  A  whole  series  of  anatomical 
features  characterizes  this  Order  in  an  exceUent  manner  ;  the  most  important 
of  these  are  :  the  bicoUateral  nature  of  the  vascular  bundles  (exception  :  Hum- 
htrtia) ;  the  occurrence  of  secretory  cells  (isolated  and  in  rows)  or  (m  Dichondwa) 
of  elements  resembling  laticiferous  vessels,  both  frequently  hanng  milky 
contents  ;  the  frequent  appearance  of  small  acicular  crystals  of  oxalate  ot 
lime  in  the  mesophyll ;  the  prevalence  of  a  stomatal  type  with  two  subsidiar>- 
cells  placed  parallel  to  the  pore  of  the  guard-cells  ;  and  the  uniform  structure  oi 
the  clothing  hairs  (Fig.  129,  A-D^  F-G).  The  latter  almost  invariably  consist 
of  two  cells,  viz.  (a)  a  suberizcd  stalk-cell,  seated  on  an  epidermal  cell  or  on 
a  group  of  epidermaj  cells,  and  (b)  a  terminal  cell  of  variable  shape.  In  some 
cases  the  terminal  cell  is  simple,  its  base  being  inserted  in  an  upiright  position 
(simple  clothing  hairs),  or  in  an  obhque  or  horizontal  direction  (one-armed  or 
scmi-malpighain  hairs)  on  the  stalk-cell ;  in  other  cases,  which  are  of  very  wide 
occurrence  in  the  Order,  the  terminal  cell  is  two-armed  (two-armed  hairs),  and 
in  still  other  cases,  which  are  only  found  in  the  true  species  of  Erycibe  and 
Jacquemontia,  it  is  three-  or  many-armed  (branched  and  star-shaped  hairs).  In 
addition  to  the  clothing  hairs,  glandular  hairs  (Fig.  129,  C,  /,  A*)  are  very 
widely  distributed ;  these  mostly  have  a  short,  unicellular  stalk  and  a  varioa<vly 
shaped  head,  which  is  divided  by  vertical  walls  only,  or  by  horizontal  walls  only, 
or  by  tx>th.  Protectivt*  shaggy  hairs  (sometimes  differentiated  like  a  stellate  01 
tufted  hai  r)  and  glandular  shaggy  hairs  occur  in  rare  cases.  Noteworthy  features 
m  the  structure  of  the  axis  are  as  follows :  the  vessels  have  lumina  of  vcr^ 
variable  size  and  simple  perforations  ;  the  wood-prosenchyma  bears  bordered 
pits ;  the  medullary  rays  of  the  wood  are  narrow ;  the  development  of  cork 
takes  place  superficially;  the  outer  limit  of  the  bast  is  commonly  occupied 
by  isolated  bundles  of  bast-fibres.  Oxalate  of  lime  is  found  in  the  form  of 
clustered  and  ordinary  solitary  crystals.  The  anomalies  in  the  structure  of  tbr 
branch  consist  in  :  (a)  the  ap{)earance  of  successive  rings  of  growth  (in  species  ol 
Argyreia^  Calonyction,  Erycibe,  Hewiitia  (?),  Ipomoea,  Maripa,  Merremia^  Parana 
and  Rivea,  see  Fig.  130) ;  (6)  the  occurrence  of  interxylary  phloem  (in  IpomocM 
versicolor,  Mcissn.) ;  (c)  a  cleavage  of  the  xylem-mass  (in  Aferremia  umbcUaid, 
Hallier  f  and  Erycibe  maJaccensis,  Clarke) ;  (d)  the  occurrence  of  ordinary, 
medullary,  vascular  bundles  (in  species  of  Rivea) ;  and  (e)  of  bands  of  wood  oo 
the  outer  side  of  the  intraxylary  phloem  (in  species  of  Argyreia,  Erycibe, 
Evolvidus,  Hewiitia,  Neuropeltis,  Prevosiea  and  Stictocardia),  Very  complicated 
anomalies  appear  in  the  fleshy,  thickened  roots  of  certain  members  of  tbt 
Order  (see  Fig.  131).  As  special  anatomical  features,  which  are  only  of  value  in 
the  diagnosis  of  small  taxonomic  groups,  the  |)apillose  differentiation  of  tbr 
lower  epidermis  of  the  leaf  (species  of  Maripa)  and  the  peculiar  groups  of  cdk 
in  the  mesophyll  of  certain  sjKjcics  of  ipomoca  (Fig.  128)  may  be  mentioned. 


'  As  reference  will  rr])eatcdly  be  made  in  the  following  deicription  to  HaUtcr**  cUMificaiitja  of 
ihe  Convolvulaceae  it  will  be  liest  to  quote  it  at  once:  A.  rsiloconiae:  I.  CoKQteae :  Cmumtm. 
II.  Wilsonicae:  lVilsoMia\  III.  Dichondreae :  Hygrockarii ,  Dickamdrm^  fmlHa;  IV.  Dicnao- 
^tyleae :  KvolvuIuSt  I/iUehranJtia,  ClaJostii^ma,  Cressa^  Stylisma,  S€ddera,  ^nmuita,  J9mmmm^ 
Xeuroptltii^  DicrattostyUs,  LysiostyUs ;  V.  Toraneae  :  Kapona,  Pgnuta,  CarJmtkimmji ;  VI 
Kr)'citieae  :  Maripa,  Erycihe,  Ilumhertia  :  VII.  Convolvnliae :  Jaequem^mHay  Amittim^  C^mwmitmJmi. 
Calystigia^  Hewittia,  Polymeria^  Mtrremia^  Opertulina.  W.  F^hiaocontmc :  VIIL  IpnmmffM 
lefistcmon,  /pcmoea,  La/onyction,  Quamcclit\  IX.  Argyreieae:  Ritta,  ArgyrHm,  BHmJhgmrtkm 
Hallier  leaves  the  Cuscuteae  amonf^st  the  Convolvulaceae.  whilst  he  exclndef  the  NotftDeac.  The 
anatomical  features  of  these  two  ^Tciups  are  treateil  sejiirately  below  in  appcndioet  to  the  Ordct 
The  nomenclature  of  the  iiwcies  on  the  whole  follows  that  of  Hallier  ;  bat  in  order  to  ptctii  cos 
fusion  Schlepef;reirs  statements  have  lien  left  in  his  own  nomcnclatnre,  which  u  bucd  oo  thai  of  rcUr 
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2.  Structure  of  the  Leaf.  The  anatomy  of  the  leaf  has  been  examined 
in  detail  by  H.  Hallier. 

The  epidermal  cells  may  have  straight  or  strongly  undulated  lateral 
walls.  The  cuticle  is  mostly  thin  and  sometimes  striated.  The  outer  walls  of 
the  epidermal  cells  are  in  many  cases  arched  convexly  outwards*  especially  at 
the  margin  of  the  leaf,  where  this  feature  may  sometimes  be  more  pronounced, 
amounting  to  the  formation  of  papillae  (Calysiegia  Tuguriorum^  R.  Br.,  Ipomoea 
Batatas^  Lam.,  &c.).  The  formation  of  papillae  on  the  leaf-surface  occurs  in 
Maripa  glabra^  Choisy  and  A/,  cayennensis^  Meissn.,  where  it  is  confined  to  the 
cells  adjoinmg  the  stomata,  and  in  M.  longifolia,  Sagot,  in  which  all  the  cells  of 
the  lower  epidermis  are  papillose.  In  most  cases  the  epidermis  consists  of 
a  single  layer.  The  formation  of  a  true  hypodenn  has  not  been  observed 
in  any  member  of  the  Order ;  on  the  other  hand,  the  epidermis  occasionally 
l)ecomes  locally  two-layered  by  the  appearance  of  horizontal  division-walls; 
this  is  the  case  in  the  upper  epidermis  of  Ipomoea  pdtata^  Choisy,  LysiosfyUs, 
Maripa  dcnsiflora^  Benth.  and  Erycibc  laevigata^  Wall.,  and  in  both  upper  and 
lower  epidermis  of  DicranostyUs  scandens^  Benth.  Gelatinization  of  the 
epidermis  of  the  leaf  has  not  been  observed  in  any  member  of  the  Order. 
The  stommta  are  very  commonly  developed  on  both  surfaces  of  the  leaf,  in 
the  case  of  centric  as  well  as  bifacial  leaves  ;  in  leaves  with  well-marked, 
bifacial  structure  they  are  often  only  present  in  small  numbers  on  the  upper 
side,  and  are  confined  to  the  neighbourhood  of  the  veins.  The  stomata  are 
mostly  accompanied  by  two  subsidiary  cells,  placed  parallel  to  the  pore  ;  three 
neighbouring  cells,  sometimes  differentiated  Uke  subsidiary  cells,  are  found 
in  many  species  of  Breweria^  Evohtdus^  and  Erycibc,  and  in  HiUebrandtia 
and  Cladostigma  ;  four  neighbouring  cells  occur  in  species  of  the  genera  just 
named,  and  in  species  of  Convolvulus  and  Merremia  ;  a  still  larger  number  of 
neighbouring  cells  is  found  in  Ipomoea  peltata,  Choisy.  The  guard-cells  either  lie 
on  a  level  with  the  epidermis  or  project  above  it,  or  they  may  be  depressed, 
as  for  example  in  Ipomoea  peltata,  Choisy  and  Maripa  passifloroides.  Spruce, 
where  they  are  deeply  sunk. 

The leaf-stmcture  varies  from  centric  to  bifacial;  within  certain  Umitsis 
of  systematic  value.  In  many  of  the  low-growing  genera  (Breweria^  Evolvulus^ 
Convolvultis)^  and  also  in  HiUebrandtia,  Cladostigma,  Cressa,  Stylisma  and 
Seddera,  centric  leaf-structure  is  a  coastant  feature,  whilst  in  other  genera  and 
t^pecially  in  the  taller  forms  th  s  type  of  structure  is  exceptional ;  in  the  smallest 
forms,  which  are  pro\ided  with  leathery  leaves,  it  docs  not  occtir.  Bifadal 
structure  of  the  leaf  is  most  marked,  owing  to  the  presence  of  spongy  tissue  with 
large  and  abundant  intercellular  spaces,  in  the  leathery  leaves  of  Humbertia^ 
Eryctbe,  Maripa,  Neuropeltis,  DicranostyUs,  Lysiostyles,  and  of  some  sp)ecies  of 
Breweria.  In  other  cases  the  s|X)ngy  tissue  is  less  typically  developed.  In 
Antseta  uniftora,  Choisy  and  Cardiocmamys  the  cells  of  the  spongy  tissue  have 
a  femur-hke  form,  and  are  vertically  |)laced.  The  leaf-structure  of  ipomoea 
pedata,  Hochst.  et  Steud.  and  of  Wilsonia  requires  special  mention.  In  the 
sjvcies  of  Ipomoea  a  hollow  cylinder  of  i>alisade-parenchyma  surrounds  a  mass 
of  large-celle<i  me<lullary  tissue,  in  which  the  system  of  veins  is  situated.  A 
tissue  of  the  .same*  nature  is  found  in  the  fleshy  leavers  of  the  species  of  Wilsonia, 
viz.  on  the  up|)er  side  in  the  imbricate  leaflets  of  W.  kumilis,  K.  Br,  and  within 
the  centrically  arranged  |)alisade-tissue  in  the  cyhndrical  leaves  of  W.  BackMousii, 
Hook,  f .  and  the  flat  leaves  of  W.  rotundi folia.  Hook.  The  collenchymatous  dif- 
frrrntiation  ol  the  s|Ningy  tissue  in  .s|)ecies  of  J acquemontia,  e.g.  7.  lactesccns. 
Seem ,  may  also  l)e  noted.  The  veins  in  many  species  contain  a  layer  of  hard 
ba««t,  which  adjoins  the  system  of  vascular  bundles  in  the  form  of  a  closed  sheath 
or  of  separate  arcs  ;  according  to  Hallier,  these  strands  of  hard  bast  have  a 
systematic  value  for  special  diagnosis  which  should  not  be  underestimated. 
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Sclerenchymatous  fibres  from  these  sheaths  of  hard  bast  occasionaUy  penetrate 
more  or  less  abundantly  into  the  mesophyll,  and  not  uncommonly  extend  as  far  as 
the  epidermis  and  spread  out  beneath  it  on  both  sides  of  the  leaf  (DicranosiyUy, 
very  many  species  of  Erycibe  ;  Humbertia^  Lysiostyles^  many  species  of  Maripa . 
Prevostea  ferruginea,  Choisy).  They  mostly  have  thick  walls  and  narrow  lumina 
The  hard  bast-fibres  (and  also  the  fibres  of  the  wood-prosenchyma)  in  Erycibs 
micraniha^  Hallier  fil.  and  Prevostea  speciabilis^  Meissn.  are  distinguished  by 
curious  excavations  in  their  walls.  Finally  it  may  be  mentioned  that  orflen- 
chymatous  tissue  often  takes  part  in  the  formation  of  the  veins,  and  that  thr 
vascular  system  of  the  latter  is  commonly  surrounded  by  a  parenchymatous 
sheath. 

Peculiar  group)s  of  cells  arranged  in  a  row,  and  distinguished  by  their  small 
size  from  the  neighbouring  cells,  have  been  observed  by  Hallier  in  the  paUsadr 
and  spongy  tissue  of  certain  Ipomoeeae  {ipamoea  angidaia^  Bfart.,  /.  asahfclia^ 
R.  et  Sch.,  /.  bakiensis,  Willd.  Fig.  128,  /.  banariensis.  Hook.,  /.  camm9Uata.  R 
et  Sch.,  /.  cyanantha,  Gr  seb.,  /.  fastigiata.  Sweet,  /.  jamaicensis^  Don,  /•  involu- 
crata^  Beauv.,  /.  Morelii^  Duch.  et  Walp.,  /.  Pes  tigridis,  L.,  /.  pubescens.  Lam.. 
/.  punctata,  E.  Mey.,I.rhynchorhi2ayl>3lz,,LsauafnosaX^oisy,Quamocliicocctnej. 
Mch.)  In thepalisade-tissuethesegroupsof cells haveapalisade-likeshape:  inthr 
spongy  tissue  they  form  horizontal  ro\^'s,  the  component  cells  being  sometime* 

{Ipomoea  bahiensis^  /.  Morelti) 
quite  peculiar  in  their  shapf. 
vogl  had  previously  observed 
similar  groups  of  cells  in  the 
primary  cortex  of  Convolvmlm 
arvensis^  L.,  and,  according  to 
Hallier,  a  tendency  to  form  these 
groups  is  also  manifested  ic 
other  tissues  of  the  leaf,  e.g.  in 
the  integumental  tissue  (in  Di 
cranostyles  scaniens,  Benth.  and 
less  distinctly  in  Maripa  glabrs^ 
Choisy,  A/,  erecta,  Mey.  and  M.  cayennensis,  Meissn.),  in  the  elongated,  tutmlar. 
secretory  cells  of  the  palisade-tissue  to  be  described  in  detail  below  (in  Ipataoej 
rosea,  Choisy),  and  in  the  parench)anatous  sheaths  of  the  veins  (in  /.  bakienns) 
In  the  following  description  we  shall  deal  in  order  with  the  mode  of  ex- 
cretion of  oxalate  of  lime,  the  characteristic  secretory  cells  *,  and  the  haio 
covering,  both  the  leaf  and  axis  being  taken  into  account. 

Oxalate  of  lime  is  excreted  in  the  form  of  (a)  small  acicular  cr)-staU 
(6)  small  crystals  of  varied  shape,  (c)  ordinary,  large,  solitary  crystals,  and. 
{d)  clustered  crystals.  The  acicular  crj-stals  are  found  in  the  leaf  in  almost  all 
cases,  and  are  specially  abundant  in  Lvolvulus  and  Convolvulus  ;  those  in  ibf 
|)alisadc-tissue  are  often  long  and  form  aggregates  resembling  bundles  of  raphid&L 
The  clustered  cr>stals  occur  in  the  mesophvH  and  in  the  veins  of  the  leaf ;  ir 
the  axis  especially  in  the  chambered  crj-stal-fibres  of  the  bast.  In  the  mesophyl! 
large  clustered  crystals  sometimes  fill  correspondingly  large  idioblasts  (Trtcham' 
tha  ;  Bonamia  Baiansae,  Hallier  f .  ;  species  of  Caiystegia,  e.  e.  C.  sepium^  Aui. . 
Lepisiemon)flavescens,  Bl. ;  si)ecies  of  Ipomoea,  e.  g.  /.  lachnosperma.  Choisy. 
/.  sulpkurea,  Hochst.,  &c.),  whikt  small  clustered  crystals  occupy  the  compart- 
ments of  septate  pahsade-cells  (/.  Aitoni,  Bot.  reg.,  /.  involucraia^  Beauv^ 

^  SchlepegTciri  statement  (loc.  cit.,  p.  353)  that  the  resin  of  the  CoovolvalaoMe  ocean  e 
'  canAlt/  it  incorrect,  and  so  is  Volkens*  statement  with  regard  to  '  oil-canali  with  dirtiad  cptlW 
lium  '  in  the  nti^hbourhood  of  the  vascnlar  bundles  of  the  veins  in  C0mr§ivmims  Sammim^  Valu,  a^ 
alto  Hara's  (Samenkande,  p.  75  a)  reference  to  glands  in  the  McdUng  of  C.  flmmm,  daBar  to 
ihotc  of  Gtuf/ium  (which  are  secretory  caritici). 


Fig.  ijA.   Traiu^-ene  section  throttffh  the  apper  half  of  tht- 

ii,Hwb.W"         ■    •       • 

-Original. 


leaf  of  y^MMora  bmJkutut'j,  Herb.  Willd.,  with  the  charmcteriMk 
*  rowi  M  kpicalar  cells.*— C 
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/.  pes  tipridis^  L.,  /.  pUosa^  Sw.,  /.  Wigkiii^  Choisy) ;  in  the  mesophyll  of  /. 
seiifera^  Poir  the  clustered  crystals,  which  are  of  no  great  size,  give  rise  to  pellucid 
dots.  Ordinary  large  sdi tary  crystals  appear,  for  example,  in  the  ve  ns  of  species 
of  Rabona  and  most  species  of  Maripa  *. 

The  internal  secretory  system  of  the  Convolvulaceae  consists  of:  (a)  the 
widely  distributed  secretory  cells,  commonly  possessing  milky  contents',  which 
m  herbarium-material  may  be  colourless,  yellow  or  brown,  and  are  readily 
soluble  in  alcohol ;  in  many  cases  (species  of  Stylisma,  Breweria^  Convolvulus) 
tht-y give  rise  to  transparent  dots  or  lines  in  the  leaf ;  and  {b)  laticiferous  vessels, 
which  only  occur  in  tne  genus  Dichondra. 

The  secretory  cells  appear  in  two  forms :  (a)  as  long  rows  of  cells '  running 
in  the  pith  and  primary  cortex  and  sometimes  also  in  the  phloem  of  the  axis, 
and  in  the  parenchymatous  sheaths  of  the  veins  of  the  leaf ;  and  {b)  as  isolated 
secretory  cells  occurring  in  the  mesophyll  and  in  the  pith  and  primary  cortex. 
Commonly,  both  forms  are  develojied  side  by  side  in  the  same  plant.  With 
regard  to  the  general  distribution  of  the  secretory  cells,  HaUier  mentions  that 
m  certain  species  they  may  be  found  in  all  (vegetative  and  reproductive) 
parts,  but  that  this  is  not  the  case  in  other  species.  According  to  him,  the 
occurrence  of  secretory  cells  in  the  cotyledons  is  of  the  greatest  importance 
from  a  systematic  point  of  view.  For,  when  the  secretory  cells  were  not  to  be 
found  in  the  leaf  and  the  remaining  portions  of  the  mature  plant  (sp)edes 
of  Humbertia,  Erycibe^  Marita^  DicranostyUs^  Neuropeltis,  Cladosttgma^  Scddera^ 
Breweria^  Prcvosiea^  Evolvulus^  Porana^  Cardiochlamys^  Convolvulus^  Argyreia)^ 
they  could  almost  always  (excepting  Seddera)  be  shown  to  be  present  *  in  the 
seedling. 

The  rows  oi  secretory  cells  may  be  recognized  i  n  a  transverse  section  of  the  leaf 
and  axis  by  their  wide  lumina,  their  contents,  and  their  suberized  cell-walls,  and 
frequently  also  by  the  nature  of  the  surrounding  elements,  which  are  differen- 
tiated like  subsidiary  cells.  In  the  leaf  they  can  usually  be  traced  from  the  leaf« 
base  into  the  finest  veins  (in  the  Echinoconieaeand  most  Convolvuleae) ;  in  some 
cases,  howevtT,  they  are  confined  to  short  tracts  of  the  veins,  while  in  other  cases 
{Porana  volubilis^  Burm.,  PrevosUa  glabra^  Choxsy  ^Seddera  evolv%d(ndesyf\g\\X)i\\ty 
are  wanting.  Rows  of  secretory  cells,  running  independently  of  the  vascular 
bundles  of  the  veins  and  asually  also  parallel  to  the  midrib,  have  been  met  with 
in  Aniscia^  s.  str.,  and  all  tlu*  Jarquemontieae  (excepting  Ipomoea  luxurians^ 
Moric.  and  /.  kirti flora.  Mart,  et  Gal.).  Regarding  the  mode  of  development  oi 
the  rows  of  secretory  cells,  see  Cza|K*k ;  the  only  statement  we  need  quote  from  his 
investigations  is  that  the  rows  of  secretory  cells  sometimes  undergo  degeneration 
in  mature  portions  of  the  plant,  owing  to  the  cells  losing  their  contents  and 
becoming  com(>ressed  ;  in  such  cases  their  presence  can  only  be  detected  by 
the  microchemical  Ixrhaviour  of  their  suberized  membranes. 

The  solitary  secretory  cells  are  likewise  easily  recognized  by  their  suberized 
mtmbranes,  their  contents,  and  their  sha|Xf.  The  latter  differs  from  that  of  the 
neighbouring  cells,  and  in  the  leaf  is  dependent  on  the  nature  of  the  surrounding 
tis>ue.  In  the  |>alisade- tissue  the  secretory  cells  only  differ  from  the  remain- 
ing rhmrnts  in  length  or  breadth  ;  they  either  have  a  narrow,  tubular  shape 

*  Wf  may  mcntiuo  htn  that  /tmnKTmaon  obtenrcd  cryttalloidt  in  the  chloropUsti  of  the 
wrkophyll  tn  Cmvfhm/ms  tru^Ur ;  rtcardini;  crystalloids  In  the  ouclei  of  the  Coovofmlaoeac,  tcr 
aim  f)<>rxi,  loc.  cit. 

'  llallirr  obsmred  March  in  the  secretory  cells  of  If^mstm  fmrfuna^  Lam. 

*  The  statrmcfits  of  Trccvl,  Vogl  ami  Schmiu  that  elemcou  in  the<ie  rows  of  scottoiy  cdb  fuc 
tocethef,  are  dcmied  by  I)e  Bary  aoid  C'lapek. 

*  In  the  followini;  cases,  in  which  only  incomplete  material  was  available,  it  has  hithcfto  been 
impomible  to  deoiofistrate  secretory  cells :  Hmmbtrtia,  Mmripm  Umiif^iiM,  Sag.,  ClmduHgwtm,  Bml" 
tmiui  mn^ust  Mart.,  /Vtmm  fmmumUim,  Koab.  and  P.  irmmdi/Ur^,  Wall,  Ciurimhimm^t  and 
Cmnmiwuiui  iktmdrilhidti^  Bow. 
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becoming  enlarged  like  a  flask  when  they  happen  to  penetrate  into  the  spong>' 
tissue  (Quamoclit)^  or  are  merely  wide  and  sac-Uke  (Breweria^  Ipamoea  SpruceanA^ 
Benth.).  Those  situated  near  the  limit  between  the  pal  sade  and  spongy  tissues 
are,  for  the  most  part,  elongated  horizontally  ;  they  are  often  very  long  and  art 
sometimes  (ipomoea  Nil,  Roth,  /.  jatnaicensis,  Don,  4c.)  produced  above  into 
short  arms.  At  the  limit  of  palisade  and  spongy  tissue  we  find  secretory  cclb 
of  the  following  types  :  (a)  spherical  or  ellipsoidal  (/.  suffuUa,  Don,  /.  ^ipes, 
Benth.,  &c.) ;  (6)  much  elongated  horizontally  (Evolvulus),  sometimes  with 
short  protrusions,  and  occurring,  either  singly  or  several  in  a  row,  in  each  mesh 
of  the  vascular  system  ;  (c)  long  and  branched  {Bonamia  Balansae^  Hallier  I., 
B.  venuiosa,  Meissn.,  Stylisma,  uichondra  repens,  Forst.,  Falkia). 

With  regard  to  the  distribution  of  the  secretory  cells  (in  rows  or  singly)  m 
the  leaf  HalUer  mentions  the  following  facts.  In  the  Erycibeae  sensu  emend,  and 
the  Poraneae,  the  mcde  of  occurrence  of  the  secretory  cells  varies  ;  the  Dicrano- 
styleae,  Dichondreae,  and  Wilsonia^  for  the  most  part,  have  only  solitary  secre- 
tory cells  ;  the  ConvoKnileae  sens.  str.  and  Echinoconieae  invariably  have  rows 
of  secretory  cells,  usually  limited  to  the  veins  of  the  leaf  (only  Jacautmonhj 
and  Anisdaf  sens.  str.  having  others  running  freely  in  the  mesophyll),  whilst 
the  Convolvuleae  and  Ipomoceae  usually  have  soUtary  secretory  cells  as  wdl. 

The  laticiferous  vessels,  observed  by  Czapek  in  Dickondra,  are  tubular 
latex-receptacles,  devoid  of  transverse  septa  and  bavins  thick  walls  which  are 
not  subcrized.  They  exhibit  no  anastomoses,  but  have  been  shown  to  originate 
by  fusion.  In  the  stem  they  are  found  in  the  primary  cortex ;  in  the  leal 
they  are  not  confined  to  the  veins,  but  traverse  the  mesophyll,  terminating  near 
the  margin  of  the  leaf. 

Radlkofer  first  drew  attention  to  the  most  important  forms  of  haisy  cover- 
ing and  to  the  systematic  value  of  this  feature,  which  was  subseauently 
examined  by  Schlepegrell  and  Hallier,  by  the  former  in  the  axis,  by  tb 
latter  mainly  in  the  leaf.  The  trichomes  may  be  di\ided  into  three  groups,  vu. 
clothing,  glandular  and  shaggy  hairs  ;  and  the  latter  may  be  subdivided  mto 
clothing  and  glandular  shaggy  hairs. 

The  clothing  hairs  almost  invariably '  consist  of  two  cells.  They  are  com- 
posed of  a  short  stalk-cell,  seated  on  a  single  epidermal  ceU  or  group  of 
cells,  and  of  a  terminal  cell  of  variable  shape.  In  some  cases  the  terminal 
cell  is  simple  and  unbranched  and  inserted  vertically  or  obliquely  on  the  stalk- 
cell  (Fig.  129,  A ) ;  according  to  HaUier,  this  type  is  found  in  all  Echinoconiear* 
in  Operculina,  Merremia,  Shutereia,  CalysUgia,  Polymma,  Aniseia^some  specify 
of  Jacquemontia,  many  sjjecies  of  Convolvulus,  Porana  volubilis,  Burm.*  and 
Dufourea  (?)  velutina.  Mart,  et  Gal.  In  other  cases  the  terminal  cell  has  tut) 
arms,  which  are  generally  of  equal  length  (Fig.  129,  B-C) ;  according  to  Hallier. 
such  hairs  occur  in  Cardiocklamys,  Rapona,  Prevosiea,  Breweria^  Stytisma. 
Seddera,  Cressa,  Cladosiigma,  Hildebrandtia,  Neuropeliis,  DicranostyUs,  Lysic- 
styles,  Maripa,  Humbertia^  Wilsonia  ;  some  species  of  Convolvulus,  Jac^u^mcntiJ 
and  Porana  ;  almost  all  Evolvuli ;  several  species  of  Erycibe  ;  and  the  Dicboo- 
dreae,  incl.  Hygrocharis.  The  sha|)e  of  the  two-armed,  terminal  cell  vanca^ 
and  is  not  quite  devoid  of  systematic  importance.  Hairs  with  straight. 
horizontally  placed  arms  (Fig.  129,  B),  which  may  have  either  thin  wall- 
(Convolvulus,  Neuropeltis,  Dicranostyles)  or  thick  waUs  and  narrow  lumina 
(Hildebrandtia,  Evolvulus)  are  not  very  frequent ;  the  arms  are  far  more 
commonly  directed  upwards  in  the  shape  of  a  V  (Fig.  129,  C).  In  other  cases 
the  terminal  cell  participates  in  the  formation  of  the  stalk  of  the  hair  and  u 

^  Id  ip^mof  cairica^  /.  rosta,  Choity,  Jaeqtum^mtia  mmispirmmtUs,  Cboity  and  /.  M^rfu. 
Choity,  a  row  of  lUlk-cclls  has  been  obaerved,  in  the  firtt  cue  bj  Schl^Cfrdl,  la  the  otbcn  by 
Hallier. 
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then  either  Y-shaped  {Cardiochlamys,  Evolvulus^  Falkia)  or  T-shaped  {Duperrey^ 
Lysiostyles).  By  reduction  of  one  of  the  arms,  trichomes  with  two  very  aneqaal 
arms,  or  only  a  single  arm  (Fig.  129,  D)  result;  these  sometimes  accompany  hairs 
with  equal  arms,  e.  g.  in  Parana  grandiflora^  Wall.  The  occurrence  of  septa  in 
the  long  arm  of  hairs  of  this  type  in  species  of  Maripa^  e.g.  M.  fassiflomdes^ 
Spruce  (Fig.  129,  E)  is  specially  noteworthy.  Finally,  the  terminal  cell  may 
possess  many  arms  (Fig.  129,  F-6).  According  to  Hallier,  these  hairs  only  occur 
in  species  of  Erycibe  and  Jacquemontia.  The  number  of  arms  varies  from  three 
to  a  large  number. 

The  stalk-cell  of  the  clothing  hairs  has  suberized  walls,  and  is  either  shortly 
cylindrical  (in  the  trichomes  having  a  simple  or  two-armed  terminal  cell)  or  bdl- 
shaped,  with  the  convex  arched  suHace  on  the  upper  side  (in  the  trichomes  with 
a  branched  terminal  cell) ;  in  many  species  of  Convolvulus  and  Evohmbts^  e.g. 
C.  natalensis,  Bemh.,  and  E  kirsutus.  Lam.,  the  elliptical  di\ision-wall  between 
the  stalk  and  terminal  cell  is  provided  with  peculiar  pitting,  recalling  the 
appearance  of  a  scalariform  perforation  with  few  bars,  arranged  parallel  to 
the  short  axis  of  the  ellipse.  The  epidermal  cells  bearing  the  hairs  are,  in 
many  cases,  distinguished  by  their  considerable  size.  In  place  of  a  sinde 
basal  cell  the  hairs  sometimes  have  several,  lying  side  by  sioe  {ArQreia  rM- 
cunda^  Choisy,  Lysiostyles^  species  of  NeuropeUis  and  Dicranostyks),  The  further 
appearance  of  horizontal  walls  in  such  a  group  of  cells  leads  to  the  formation  of 
a  multicellular  pedestal  (Ipomoea  pandurata^  Mey.,  /.  knuirosiris^  Cboisy, 
Cardiochlamys).  In  this  way  we  obtain  a  transition  to  the  clothing  shaggy 
hairs  of  Ipomoea  pentaphylla,  Jacq.,  /.  rhynchorkixa^  Dalz.,  /.  cissoides^  Gris^ 
and  Skinneria  caespOosa^  Choisy ;  in  these  hairs  several  stalk-cells,  situated 
side  by  side  in  one  plane,  and  followed  by  a  simple  terminal  cell,  are  seated  on 
a  multicellular  pedestal.  In  Ipomoea  albiflora^  Moric.^  several  terminal  ceDs 
appear  instead  of  one,  while  in  /.  tomentosa,  Meissn.,  /.  conlorquens^  Choisy  (Fig. 
129,  H),  I.  Davenporti,  F.  v.  MiiU.,  /.  bonariensiSy  Hook.,  /.  lachnosperma^  Hochst. 
and  Convolvulus  malvaceus,  Oliv.,  we  find  numerous  terminal  cells,  which  are 
arranged  in  a  stellate  or  tufted  manner. 

The  glandular  hairs  are  >^idely  distributed.  According  to  Hallier,  they 
only  appear  to  be  wanting  in  Humberiia^  Wilsonia^  and  some  species  of  Con- 
volvulus. The  stalk  is  usually  short  and  unicellular,  rarely  {JacquemamiU 
hirsuta,  Choisy  and  /.  erecta^  Choisy)  uniseriate  ;  it  is  in  most  cases  situated  on 
an  epidermal  cell,  of  varying  shape,  the  lower  end  of  which  often  penetrates 
into  the  internal  tissue.  The  structure  of  the  head  is  variaMe.  In  soror 
cases  it  is  divided  by  vertical  walls  only,  and  is  flat  or  spherical,  consisting 
either  of  two  {Etycibe  sp.),  four  {Erycibe  laevigata^  Wall.,  NeuropelHs^  Dicrmtuh 
styles  densa.  Spruce,  Dichondreae  incl.  Hygrocharis,  Bonamia  madagascarienns^ 
Thouars,  Cardiochlamys^  most  species  of  Parana^  some  Evolvuli^  Comvohulms 
occidentalism  Gray,  Aniseia  sens,  str.,  Ipomoea  luxurians^  Horic.  and  /.  hirtifior^ 
Mart,  et  GaJ.)  or  more  numerous  cells  (many  Ipomoeeae  and  Argyreieae,  Maripa^ 
Fig.  129,  /.  NeuropeUis),  In  other  cases  horizontal  walls  predominate  in  the 
glandular  heads  (Fig.  129,  C  and  K).  To  this  type  belong  (a)  the  pear-shaped 
or  ellipsoidal  glandular  heads  which  are  divided  solely  by  horizontal  walls  and 
are  found  in  species  of  Etycibe,  DicranostyUs  densa^  Spruce*  Prevoska  glmbr^ 
Choisy  and  P.  umbellata,  Choisy,  Cladostigma  ;  (6)  tne  elongated  h^ds  of 
Prevostea  ferruginea,  Choisy,  which  are  also  divided  by  horizontal  walls  only. 
and  resemble  a  segmented  worm  ;  and  (c)  the  spherical  or  elUpsoidal  glandular 
heads,  which  have  both  horizontal  and  vertical  walls  and  occur  in  SiyUsmis^ 
Seddera,  Cressa,  Hildebrandtia,  Lysiostyles,  most  species  of  Breweria  and  Evol- 
vulus,  many  species  of  Convolvulus,  Jacauemoniia  serraia,  Meissn.,  and  /. 
micrantha,  Don.  Both  forms  of  glandular  nairs  sometimes  occur  together,  but 
more  conmionly  those  of  the  second  type  are  found  alone  (especially  in  Evohmlmt 
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and  Breweria ).  In  Maripa  and  Erycihe  paniculaia^  Roxb.  the  glandular  hairs  are 
very  deeply  sunk  in  the  surface  of  the  leaf.  Hallier  demonstrated  a  curious 
arrangement,  serving  for  the  protection  of  the  glandular  hairs  and  probably  also 
for  the  accumulation  of  masses  of  secretion,  in  all  true  species  of  Exogonium  and 
in  many  of  the  allied  species  of  Ipomoea  ;  this  consists  in  the  occurrence  of  very 
large  numbers  of  glandular  hairs  in  more  or  less  closed  grooves  on  the  lower  side 
of  the  leaf,  the  grooves  mostly  running  on  both  sides  of  the  larger  veins,  more 
rarely  (Ipomoea  Blanchtiiu  Choisy)  at  some  distance  from  tnem.  Volkens 
mentioas  the  presence  of  external  glands  excreting  salt  in  Cressa  cretica^  L., 
whilst  Halher  describes  similar  glands  with  calcareous  excretion  in  certain  closely 
allivd  si)ecies  of  Ipomoea^  belonging  to  the  section  Pharbitis. 

Glandular  sha^y  hairs  have  been  observed  on  the  calyx  and  vegetative 
organs  in  three  species  only,  viz,  Ipomoea  cissoides^  Griseb.,  /.  albiflora^  Moric.  and 
/.  ericoides^  Meissn.,  but  they  occur  at  the  base  of  the  stamens  in  the  majority 
of  the  Convohiilaceae  ;  they  consist  of  a  multicellular  pedestal  and  a  large, 
elhi^oidal,  glandular  cell. 

The  structure  of  the  extra-floral  nectaries,  occurring  at  the  base  of  the  leaf 
or  on  the  {XJtiolc  in  sjx*cies  of  Calonyction  and  Ipomoea^  has  been  examined 
chiefly  by  Poulscn  (see  also  Ewart )  in  Batatas  edulis  and  B.  glaberrima  ( —  Ipomoea 
panicidata,  according  to  Hallier)  and  by  me  in  /.  cicatricosa,  Bak.  In  the  last 
species  the  nectaries  constitute  two  lateral  grooves,  situated  in  the  upper  part 
of  the  |)etiole  ;  they  coasist  of  numerous  peltate,  glandular  hairs,  which  are 
only  distinguished  from  the  ordinary  peltate  glands  of  the  leaf  by  the  far  greater 
numUT  of  rays  forming  the  shield,  and  the  considerable  height  of  the  ray- 
cells,  which  at  some  points  are  divided  by  walls  parallel  to  the  surface  of  the 
.shield.  The  nectaries  occurring  at  the  base  of  the  leaf  in  Batatas  edtUis  and 
Ipomoea  paniculata  arc  flask-shaped  depressions  which  have  a  narrow  mouth 
and  somt'times  exhibit  a  number  of  subsidiary*  excavations ;  their  wall  is  covered 
with  crowded  fieltate  glands,  distinguished' as  in  the  previous  case  by  having 
a  shield  composed  of  numerous  cells. 

The  petiole  has  only  been  investigated  in  Convolvulus  and  Ipomoea  by 
Petit ;  it  contaias  a  bicollateral  arc  of  wood  and  bast  in  the  characteristic 
region,  and  i  or  2  isolated  vascular  bundles  adjoin  each  end  of  the  arc. 

].  Stkucture  of  the  Axis.  Almost  all  investigated  members  of  the 
Order  >  fiossess  intraxylary  phloem ;  Humboldtia  is  the  only  kno^n  exception. 
The  intraxylary  phloem  is  mostly  developed  in  the  form  of  isolated  groups  of 
>oft  bast ;  it  contains  chambered  fibres  vriih  clustered  crystals,  and  rows  of 
>ecri*torv  cells  ;  its  internal  margin  is  commonly  strengthened  by  bast-fibres, 
rarely  {Porana  paniculata,  Neuropeltis  racemosa,  according  to  Schlepegrell)  by 
arcs  of  sclerosed  ))arenchyma.  In  some  species  strips  of  wood,  containing 
vessels,  are  develo[)ed  at  the  outer  margin  of  the  internal  soft  bast;  these 
together  with  the  intraxylary  phloem  may  be  interpreted  as  medullary,  inversely 
•  orientated,  vascular  bundles.  These  bundles  sometimes  {Erycibe  malacunsis^ 
Clarke  ;  Loher,  Manila)  grow  in  thickness  to  a  considerable  extent  bymeans  of 
-trii>s  of  cambium,  which  are  situated  between  the  wood  and  bast.  They  have 
l>t*en  obser\'ed  in  the  following  cases  :  by  me  in  Erycibe  ferruginosa^  Griff., 
/:.  malaccensis,  Clarke,  and  Neuropeltis  r'acemosa^  Wall. ;  by  Schlepegrell  in 
Krycibe  f^laucescens,  E.  paniculata,  Neuropeltis  Maingayi,  Prevosiea  Soyauxii^ 
liwlvulus  villosus,  Argyreia  tiliae folia  (^Stictocardia  tiliaefolia^  Hallier  f.)  and 
A .  hancorniaefolia  ;  by  Chodat  and  Roulet  in  HewiUia  Barbeyana  n.  sp.  (according 
to  Hallier  identical  wth  H,  bicolor,  Wight). 


'  A   (Icuilcd  mammtioo  of  the  mAterUI  invcflUeatcd  is  omitted  owing  to  the  oonplicatcd 
•7Doo)m7  ;  the  worktof  Vetqne,  Peterwo,  Soleicdeft  SeUeptgreU  and  HftUiershoakl  be  idcnedca 
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With  regard  to  the  structure  of  the  wood,  an  examination  of  spedcs  ot 
Convolvulus,  Ipomoea^  Erycibe^  NeuropeUis^  Cressa^  and  Wilsonia  led  me  to  point 
out  the  following  features  as  being  specially  characteristic :  the  narrow  medul- 
lary rays,  the  simple  perforations  of  the  vessels  and  the  wood*prosencbynu 
bearing  bordered  pits ;  Hallier  also  met  with  these  features  in  HumbertU^ 
Lysiostylesj  Dicranostyles^  and  Maripa.  Schlepegrell  likewise  mentions  narrow 
medullary  rays  and  simple  vessel-perforations  as  occurring  quite  generally  in 
the  abundant  material  investigated  by  him.  The  following  statements  may 
be  added  from  my  '  Holzstruktur.'  The  diameter  of  the  vessek  varies  greatly, 
(maximum  » •21  mm.  in  Ipotnoea  corymbosa.  Roth,  a  liane,  and  -ox  nun.  in 
Wilsonia  humilis,  R.  Br.).  The  bordered  pits  on  the  walls  of  the  vessek  are 
mostly  of  considerable  size  ;  where  the  wall  is  in  contact  with  parenchyma,  it 
bears  bordered  pits  and  transitional  forms  to  simple  pits.  The  wood-parenchyroa 
is  sometimes  developed  in  considerable  abundance. 

The  pith  usually  consists  of  unlignified,  more  rarely  of  lignified  cells.  Stone- 
cells  commonly  occur  in  this  tissue  and  sometimes  constitute  transverse 
partitions  {Maripa  cayennensis^  Meissn.,  according  to  Hallier),  or  they 
may  form  a  sclerotic  cylinder,  separating  the  internal  pith  from  the  intra- 
xylary  phloem  (Neuropeltis  ovata^  Wall,  and  A^.  racemosa.  Wall.).  Medullar>- 
vasciilar  bundles  have  been  observed  in  Rivea  speciosa  and  R.  cymosa  (Schle- 
pegrell). 

The  structure  of  the  cortex  has  been  examined  especially  by  SchlepegreU. 
The  cork  generally  arises  in  the  epidermis  or  in  the  subefnoermal  cell-layer ; 
according  to  Chodiat  and  Roulet,  its  development  is  quite  irr^;ular  in  Hemttia 
bicolor,  Wight,  for  here  the  phellogen  appears  in  the  epidermis  at  some  poinb^ 
while  in  the  rest  of  its  course  it  traverses  the  outer  cortex,  the  pericyde,  and  still 
more  deeply  seated  tissues.  The  cork-cells  either  have  thin  walls  (species  ot 
Rivea,  Ipotnoea,  Breweria,  Seddera,  Wilsonia)  or  some  of  them  are  sclerosed  on 
the  outer  (Erycibe  panictdaia)  or  inner  (Maripa  glabra)  tangential  wall;  in 
other  cases  again  they  are  sclerosed  on  all  sides  (Erycibe  glaucescens^  OpercmUna 
Schwackei,  Maripa  passifloroides).  The  primary  cortex  conunonly  contains 
collenchyma,  and  in  species  with  reduced  leaves  assimilatory  tissue.  In  the 
pericycle  one  meets  with  bundles  of  bast-fibres,  which  sometimes  (Erycibe  pant- 
culata,  Porana  panictUata)  unite  to  form  a  ring.  These  bast-fibres  may  either 
have  thin  walls  and  wide  lumina  (in  most  species  of  Ipomoea)^  or  thick  waU> 
and  narrow  lumina  (Rivea  speciosa) ;  in  the  latter  case  they  are  often  character- 
ized by  a  well-marked  stratification  of  their  walk  (Prevostea  ferrupnea)^  or  they 
are  septate  {Neuropeltis  Maingayi),  Bast-fibres  have  not  been  observ^  in  the 
secondary  bast,  but  sclerotic  jmrenchyma  occurs  (Humbertia^  according  to 
Hallier,  Dicranostyles  scandens,  according  to  Schlepegrell).  Regarding  crystab 
and  secretory  organs,  see  above,  p.  564  et  seq. 

G^rtain  members  of  the  Order  exhibit  anomalies  in  the  stmcliire  of  Ike 
axis,  which  may,  in  some  cases,  be  detected  in  herbarium-material.  The 
following  features  are  not  to  be  regarded  as  true  anomalies  :  (a)  the  completf 
or  partial  alisence  of  hgnification  in  the  secondary  xylem  found  in  certain  cases 
(Ipomoea  brachypoda,  I.  pterygocaulos,  Breweria  Roxburghii,  Convolvtdus  nMdm. 
Exogonium  arenarium,  according  to  Schlepegrell) ;  (b)  the  restriction  in  many 
Convolvulaceous  lianes  of  the  secondary  xylem-vessek  to  two  or  three  tracts  in 
the  transverse  section  of  the  wood«  leading  to  a  very  unequal  differentiation  of 
the  xylem-mass,  since  it  is  more  strongly  developed  at  these  points ;  and  (c) 
a  slight  furrowing  of  the  xylem-mass,  e.  g.  in  Merremia  glabra  (Choisy),  Hallier  i., 
according  to  H.  Schcnck.  In  addition  to  these  cases,  the  following  true  anomalies 
have  been  observed  :  (a)  the  appearance  of  successive  rings  of  growth,  (6)  inter- 
xylary  phloem,  and  (c)  cleavage  of  the  xylem-mass.  Successive  rings  of  growth 
are  known  to  occur  in  several  genera  ;  thus  they  were  observed  by  Jossieo  in 
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Convolvulus  malabaricus^  by  Wittc  in  Ipomoea  violacea  ^  \  by  Kriiger  in  Porana 
tvlubiiis^  (Fig.  130)  and  A  rgyreia  cabitata  *»  by  Schdber  in  Cawnydwn  speciosum^ 
Choisy,  by  me,  as  described  in  my  Holxstniktur/  in  Rivea  corymiosa*  Hallier  f. 
i»  Convolvulus  domingensis)  and  Ipomoea  jamaicensis^  Don,  by  H.  Schenck  in 
Merremia  umbellaia  (Sley.),  Hallier  f.,  and  recently  by  me  in  Argyreia  kirsuia^ 
Wight  et  Am.  (Wight  n.  1953  in  Herb.  Monac.)  and  Maripa  sp.  (Rusby  and 
Squires  n.  92,  Orinoco) ;  that  is  to  say,  they  are  found  in  species  of  Argyreia^ 
Calonvction^  Ipomoea^  Afaripa^Merrcmta^Porana^SLnd  Rivea.  Withregardto  the 
mode  of  origin  of  these  rings  of  growth,  it  may  be  mentioned  that  the  first  of  the 
secondary  meristematic  rings  appears  at  the  outer  margin  of  the  bast  and  inter- 
nally to  the  bast-fibres  of  the  pencycle.  According  to  more  recent  observations, 
cxtrafascicular  formation  of  secondary  bundles  of  wood  and  bast,  which  are  not, 
however,  arranged  in  regular  circles,  is  found  in  the  older  portions  of  the  stem  of 
Erycibe  malaccensis,  Clarke  (collected  by  Loher) ;  in  this  case  it  is  accompanied 
by  a  cleavage  of  the  normal,  primary  vascular  ring,  the  outer  margin  of  which 
hxs  lolled  furTO^*•s,  and  by  the  marked  growth  in  thickness  of  the  inversely  orien- 
tated medullary  bundles  (see  above).  Extra- 
tascicular  formation  of  secondary  bundles 
apparently  also  takes  place  in  HewUtia  bicohr, 
Wight,  according  to  Chodat  and  Roulet. 
The  anomaly  of  successive  rings  of  growth 
will  doubtless  l>e  found  in  other  woody  genera 
xswell;  but  it  is  certain  that  all  the  woody  Con- 
volvulaceae  do  not  show  this  kind  of  anomaly. 
According  to  H.  Schenck,  an  axis  of  Con- 
volvulus canancnsis  (Mus.  Berol.)  about  2  cm. 
thick,  and  branches  of  C  ptnianthus  and 
Ipomoea  prntaphylla  (sent  by  Goebel)  7  mm. 
in  thickness,  proved  to  have  normal  structure. 
Scott  met  with  interxylary  phloem  in  the 
hypocotyl  and  lowest  intemodes  of  ipomoea 
versicolor.  In  this  plant  the  xylem  contaia»i 
.1  large  amount  of  unli^nified  parenchyma 
i*nclosing  small  bundles  (»f  ^ievc-tubes.  These 
are  either  given  off  on  the  inner  side  of  the 
cambium  simultaneously  with  the  paren- 
chyma or  difierentiate  subsequently  from  the  latter.  According  to  H.  Schenck, 
rleavage  ol  the  xvlem-mass  in  consequence  of  subseauent  dilatation  and  division 
IK  also  found  in  Sierrcmia  umbellaia^  accom))anying  the  first  anomaly. 

In  the  fle>hy,  thickened  roots  of  many  Convolvulaccae,  the  aerial  shoots  of 
which  die  down  annually,  we  find  anomalies  in  far  greater  number  and  sometimes 
«>t  a  much  m(»re  comph'rated  tyjje  than  those  in  the  stems.  They  have  been 
thoroughly  examined  by  Si^hmitz  and  consist,  to  express  it  shortly,  in  the  forma- 
tion of  new  vascular  bundles  in  the  wo(xl  and  bast  of  the  root. 

In  the  young  stage,  roots,  which  become  anomalous  as  they  increase  in  age,  show 
a  xylem-mass  havmg  a  lar^e  amount  of  unhRmficd  parenchyma  and  surrounded  by 
boft  t>ast,  which  hkewisc  contains  abundant  parenchyma.  Secondary'  formations 
r>nKinate  in  the  xylem  by  the  division  of  the  unligmfied  parenchymatous  cells  sur- 
roundmK  the  groups  of  pnmary  vessels.  In  some  cases  the  root  remains  in  this 
condition.  In  others.  e.R.  Convolvulus  Scammontum  (Fig.  131)*  a  true  cambial  ring 
is  former  1  round  each  grr>up  of  vcsseb  :  this  gives  off  wood  internally  and  bast 
externally,  m)  tliat  the  xylem-mass  breaks  up  into  a  number  of  concentric  fibro- 
va.v:ular  strand».   The  same  procem  is  repeated  once  more  in  these  secondary  strands. 


FtC.  I. 10.  TraMvrrar  tpctioa  of  iW 
braach  td  /Wmmm  roimMis^  Bvnn.  i :  i.— 
After  H.  Srlwaclu 


*  In  Umnc  ificcics  which  arv  maiiicd  whh  sa  *,  the  snocnaly  has  been  confin— d  hy  H 


57a 


CONVOLVULACEAE 


and  thus  a  characteristic  appearance  of  the  transverse  section  of  the  root  originates, 
as  has  long  been  known  to  oe  the  case  in  old  specimens  of  'Radix  Scammooiae.' 

In  the  cases  so  far  referred  to,  the  appearance  of  the  secondax^  meristem  stands 
in  relation  to  groups  of  vessels.  In  other  cases,  rings  or  stripe  of  cambtam  appear 
independently  of  tne  vessels  in  the  unlignified  parenchyma  of  the  wood  or  bast,  or 
of  both  ;  these  cambial  layers  produce  wood  on  one  side  (usually  on  that  towards  the 
centre  of  the  root)  and  phloem  externally.  A  curious  modification  of  this  type  is 
pesent  in  Tubera  Jalapae,  the  tuberous  roots  of  Ipomoea  purga.  In  this  case  narrow 
Bands  of  cambium  are  found  in  great  numbers  in  the  transverse  section  of  the  largely 
parenchymatous  xylem  of  the  original  (primary)  fibro-vascular  system;  towards  thie 
periphery  of  each  xylem-group  the  banos  become  tangential  in  position,  and  finaDy 
they  unite  to  form  a  cambial  ring,  which  is  situated  within  tne  primary  camhial 
ring,  and  forms  wood  on  the  inside  and  bast  on  the  outside.  If  continued  growth 
in  thickness  takes  place,  several  further  secondary  cambial  zones  of  a  similar  kind 


Fig.  131.    Traotverw  section  throoi^h  a  root  of  Ccmvoimmdus  Scmmm^mtmm.  AC  a  tlAf*  w  «Mcll 
of  the  xylem -maai  iolo  foar  ponkMia,  awTtbr  de^-Hopoeat  ol  a  cambial  riog  aroaad 
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may  develop,  always  originating  in  the  youngest  layers  of  the  xylem,  bdooging  to 
the  primary  fibro-vascular  system  ;  these  cambia,  however,  give  off  bast  intetnally 
and  wood  externally.  In  the  xylcm  of  these  secondary  rings  of  growth,  farther 
cambial  rings  appear,  which  are  concentric  with  the  primary  andf secondary  rings,  and. 
as  in  the  primary  ring,  produce  wood  internally  and  bast  externally.  The  transverse 
section  of  the  root  thus  shows  concentric  cambial  rings,  some  of  which  develop 
wood  internally  and  phloem  externally,  others  phloem  internally  and  wood  externally. 
Similar  secondary  formations  sometimes  adso  appear  in  the  very  parenchymatoos 
phloem,  as  in  Ipomoea  Turpethum.  In  this  plant  nbro- vascular  strands  arise  in  thr 
phloem  by  cell-division  ;  these  strands  consist  of  a  central  mass  of  wood  with 
peripheral  phloem,  and  grow  in  thickness  by  means  of  a  cambium  situated  between 
the  two.  The  root  of  Ipomoea  Turpethuml  moreover,  shows  subsequent  formation 
of  fibro-vascular  strands  in  the  xylem-mass  also,  and  for  a  time  thev  grow  normally 
in  thickness.  As  in  the  xylem,  the  meristems  appearing  secondarily  in  the  phloefii 
are  often  band-shaped ;  these  may  coalesce  to  form  a  secondary  cambial  ring,  which 
after  forming  wooa  internally  and  bast  externally  for  some  time,  ceases  to  be  active 
whilst  a  second  cambial  ring  appears  external  to  the  ring  of  growth  produced  by  the 
first,  and  gives  rise  to  a  new  ring  of  growth,  and  so  on  ;  tli^  result  is  that  the  root 
shows  the  anomaly  of  successive  rings  of  growth,  and  this  also  occufi  in  the  1 
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as  described  above.  An  anomaly  of  a  similar  nature  to  that  just  described*  although 
of  a  rather  more  complicated  type,  is  shown  by '  Radix  JalapaeTampicensis ' ;  in  this 
case  two  successive  cambial  rings  appear  in  the  phloem  aevelopins  in  centrifugal 
order  ;  they  produce  rings  of  growth^  which  have  their  xylem  and  pnloem  normsdly 
orientated  ;  out  subsequently  a  further  ring  of  growth  arises  internally  to  that  first 
formed,  and  gives  off  xylem  externally  and  phloem  internally.  In  the  case  last 
mentioned,  as  in  ipomoea  Turpethum,  formation  of  fibro- vascular  tissue  may  also 
take  place  in  the  original  xylem  of  the  root.  When  this  is  the  case,  very  com- 
plicated structures  often  result  in  a  transverse  section  of  the  root,  as  in  the  drugs 
of  commerce  passing  under  the  names  of  'Radix  Mechoacannae '  and  'Stipites 
Jalapae ';  such  structures  cannot  be  elucidated  without  a  study  of  their  de\'elopmeot. 

Appendix  :    i.  Cuscutcac. 

A  brief  description  will  now  be  given  of  the  anatomy  of  the  Cuscuteae, 
which  are  parasitic  and  poor  fn  chlorophyll,  and  are  universally  classed  with 
the  Convolvulaceae.  A  character  very  essential  as  supporting  their  association 
with  the  Convolvulaceae  is  the  occurrence  of  resin-cells'  (see  Hallier,  loc.  cit., 
p.  540) ;  whilst  the  following  important  features  are  in  favour  of  their 
separation  from  that  Order  :  in  the  single  case  {Cuscuia  monoeyna^  Vahl),  in 
which  a  true  ring  of  vascular  bundles  occurs,  the  latter  arc  not  bicollateral  but 
of  the  simple  collateral  type  ;  glandular  hairs  (except  for  glandular  shagfy 
hairs,  similar  in  structure  to  those  of  the  Convolvulaceae,  and  occurring  on  the 
>cales  in  the  tube  of  the  corolla  of  Cuscuia^  see  Hallier,  loc.  cit.,  p.  540)  are  not 
present ;  and  lastly,  the  clothing  hairs  do  not  resemble  the  trichomes  of  the 
Convoh-ulaceae,  but  are  simple  and  consist  of  one  or  two  cells,  according  to 
Radlkofer.  Stomata  arc  only  to  be  found  on  the  mature  plant  and  in  small 
numbiTs  (Uloth). 

The  following  facts  regarding  the  anatomy  of  the  axis  may  be  mentioned  on 
the  aullionty  of  L.  Koch.  The  fibro- vascular  system  shows  three  different  degrees 
of  development.  The  first  is  found  in  CusctUa  Kotsckyana,  Boiss.  and  C.  brevistyla^ 
\,  Br.,  which  exhibit  a  single  concentric  vascular  bundle  in  the  centre  of  the  axis. 
The  second  occurs  in  the  following  species  :  C.  EpUmum,  VVeihe,  C.  arabica,  Frcs., 
C.  halophyta.  Fries,  C.  Epithymum,  1^,  C.  europaea,  L.,  C.  chilensis,  *  Nutt.',  C. 
Cronoitt,  VVilld.,  C.  rostrata,  Shuttlw.,  C.  africana,  VViUd.,  and  C.  americana^  L. 
These  plants  possess  a  number  of  groups  of  vessels,  each  of  which  is  accompanied  by 
a  strand  of  soft  bast  of  variable  size  ;  the  groups  are  rather  irregularly  distributed 
near  the  centre  of  the  stem.  Occasionally  one  can  apparently  distinguish  an  annular 
arrangement  of  these  fibro-vascular  strands,  and  also  a  pith  and  interfascicular 
tissue  (C  Eptitftum,  C.  africana,  C.  americana) ;  but,  as  in  the  other  cases,  the  strands 
together  with  the  apparent  pith  and  interfascicular  tissue  develop  from  a  single 
procambial  strand.  The  groups  of  vessels  and  the  accompanying  phloem-strands, 
taken  as  a  whole,  form  only  a  single  axile,  vascular  bunole.  C.  manogyna^  Vahl, 
.ilone  has  a  true,  dicotyledonous  type  of  structure  in  its  stem,  viz.  a  vascular  ring 
surrounding  a  true  pith  and  consisting  of  12-20  bundles,  united  by  slightly  thickened 
interfascicular  tissue  ;  these  bundles  grow  in  thickness  by  means  of  a  cambium,  and 
their  phloem  is  supported  by  a  few  bast-fibres.  Actual  perforations  are  not  present 
in  the  division- walls  of  the  vessels.  In  C.  Epilinum  and  C  manogyna  these  walls 
cither  bear  a  single  large  pit,  which  is  simple  and  closed,  or  numerous  smaller  pits, 
which  are  likewise  probably  not  perforated,  or  combinations  of  one  large  and  several 
smaller  pits,  all  of  which  are  closed. 

2.  Nolaneae. 

The  Nolaneae,  which  form  a  tribe  of  the  ConvoKiilaceae  in  Bentham  and 
Hooker's  work,  are  rightly  excluded  from  this  Order  by  Hallier.   Endomorphic  as 

'  The  relation  between  the  iccrctory  elements  (tennetl  *  Uticiferont  vetaeb'  by  L.  Koch)  in  the 
«tcm  of  C.  tftiimmm^  c .  E^kfwmm^  C,  turppata^  C  tkiUmtis,  C\  Grmmni  (resiii-caiuds !  (f)  also  in 
ibis  »|«cies),  C\  rostrata  and  C  tm0m$gymm,  and  the  secretory  cells  still  remains  to  be  inraligated. 
Similarly  the  long  latidlerous  tabes  of  Cuscmta,  mentioned  by  Solms-Lanbnch  (loc  dt,  p.  575) 
.i«  retemblin^;  bast-fibres  and  terminating*  in  a  blunt  point,  require  re-eiimlnation 
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well  as  exomorphic  characters  indicate  that  the  Nolaneae  are  closely  related  to 
the  Solanaceae  ;  they  were,  moreover,  referred  to  that  Order  by  various  earlier 
authors.    The  Nolaneae,  like  the  Convolvulaceae  and  Solanaceae,  have  intra* 

xylary  soft  bast ;  the  trichomes  are  comparable  to 
those  of  the  Solanaceae,  but  not  to  those  of  the 
Convolvulaceae  ;  oxalate  of  lime  is  excreted  in  the 
form  of  crystal  sand ',  which  only  occurs  in  the 
Solanaceae  ;  and  finally  the  resin-cells  *  character- 
istic of  the  Convolvulaceae  are  wanting  in  the 
Nolaneae. 

The  vascular  system  of  the  axis  is  bicoUateral 
in  structure  in  all  four  genera.  The  internal  phloem 
forms  groups  at  the  margin  of  the  pith ;  they  are 
occasionally  (Dolia  salsohides)  supported  by  groups 
of  bast-fibres  on  the  side  facing  the  pithu  and 
are  sometimes  situated  at  some  distance  from 
the  xylem-ring.  Isolated  groups  of  hard  bast  are 
found  in  the  pericycle  ;  in  Alona  and  Nolanm  these 
groups  may  be  strongly  developed  in  the  radial 
direction.    The  cork  arises  subepidermaDy. 

The  hairy  covering  consists  of  clothing  and 
glandular  hairs.  The  clothing  hairs  are  multi- 
cellular and  either  simply  uniseriate  or  dendriform 
(Fig.  132,  i4),  or  dictiotomously  branched  (Fig. 
132,  B) ;  in  very  rare  cases  they  are  simple  and 
unicellular. 

Amongst  the  species  of  Aiona,  A.  phyiiei/cits 
and  A,  fioribunda  have  simple  uniseriate  haul,  while 
A,  dubia  has  multicellular,  dichotomously  branched 
trichomes  (Fi|:.  132,  B),  All  the  species  of  NcUms 
examined  by  Schlepegrell  have  simple,  uniseriate  haixs. 
Within  the  genus  Daiia  dendriform  hairs  have  been 
met  with  in  D.  salsoioidest  Alibrexia  atbese^tu^  and 
A.  tomentosa  (Fis.  132,^4),  simple,  uniseriate  bidn  in 
D.  vermiculaUif  D.  f>uberulat  and  Aiibrtxia  brsvifoits. 
In  Bargemantia  (B.  peruviapia^  Haplocaria  divartcata)  we  find  hairs,  some  of  wbkh 
are  very  small  and  unicelluiar,  whilst  others  are  multicellular  and  slightly  branched. 

Glandular  hairs  have  been  observed  by  Schlepegrell  in  AUma  and  Nckmm. 
The  stalk  consists  of  1-2  cells  ;  the  head  is  either  spherical  and  unicellular  (AUma 
glandulosa),  or  ellipsoidal  and  multicellular,  owing  to  the  presence  of  hodaontal 
and  vertical  walls  {Alona  dubia). 

Literature  :  Jnssieo,  MoDoer.  det  Malpightac^,  Parti,  1843. — Chatin,  Anat.  eoaifiw,L  ii,  pL  I-4. 
— Ulotb,  Cnscnteen,  Flora  i8<k).  p.  278  and  Tab.  iit— Tr^cal,  Lactidf.  det  C,  CowpC  read.,  L  b. 
1865,  p.  825  et  seq.  and  Adansonia,  t  Tii,  pp.  i53-9.~Vogl,  Anat  n.  Hut.  von  Cnwthmimt  i 
Schrift.  k.  k.  zooL-bot.  Geiellich.  Wien,  1863,  p.  57  ct  Mq.  and  )  Tab.  and  Milcbiaftorg.,  T 
Jahrb.,  Bd.  ▼,  i866>7,  p.  31  et  leq.—Strasbiirger,  in  Princshetm  Jahrb.,  Bd.  ▼,  p.  %it 
Tab.  xxxviii. — Domer,  Cntcnteen,  Linnaea,  Hd.  35,  1867-8,  pp.  i30-3«~Solnit-Laabacb,  ^iMil. 
Phan.,  Pringsheim  Jahrb.,  Bd.  vi,  1867-8,  p.  575.— L.  Koch,  Cnicuteen,  Hanstdn.  BoC  JakrbL. 
Bd.  ii,  i874«  pp.  51-78. — Schmitz,  Anat  Str.  d.  per.  C.  Wurz.,  Bot  Zeit.  1875,  ppw  677  and  W* 
et  teq.— MoUer,  Holzanat,  Denkschr.  Wiener  Akad.  1876,  pp.  58  and  354.-1)6  Banr,  VerfL  Aaat., 
1877.— Pouben,  Nect.  bei  Baiatas  idulu,  Bot  Zeit  1877,  pp.  7l^a._I>iitaUW,  Ap|X  taid. 
d'el^menU  doht.  etc.,  Tbte,  Paris,  1879,  pp.  18,  30  and  3a  et  lea.  and  pi.  ▼.— Zacfiariaa,  la  Bot 
Zeit.  1879,  PP-  ^36.  637.— Petenen,  in  Kncler,  Bot.  Jahrb.,  Bd.  lii,  1881.  pp.  383,  384.— Poalaen. 

'  Crystal-sand  b  mentioned  bv  Vesqne  and  Hallier  as  occurring  in  spKtet  of  Akmm^  AfSfimm^  nad 
D^iia.    Schlepegrell  does  not  dennitely  state  whether  it  also  occurs  in  BmrmmmUku 

*  Schlepegrell  remarks  that '  latex  appears  in  the  pith  and  cortex  of  Nokmm*  1  was  iBiUc  to 
find  secretory  cells  in  Nolama  pruiraU^  L.,  Al  atriplidjwiia,  Hort  and  A/ihtjeim  imtsmtmrnt  Mitn. 


PlO.   139.     Braodied  forms  ol 
trichomes:  A.  Atidrgjeim 
Mtem ;   B,  Aioms  dubim^  Phi 
A,  OrigiDAl,  B,  after  Scbli 
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Nccuricr,  Vidcttik.  McddcU  oatarh.  For.  Kjobcnluvi),  1881.— Kadlkofer,  ia  Shc-Bcr.  bot  Vcr. 
Bmacs.  Bd. Tiii,  188),  p.  411  ct  •ea.~rLaboiireur,  Kcch.  aiwt.  s.  1.  C.  miA^  Parit,  1884,  f  3  pp.  and 
I  pL]— Kniccr,  Aoomale  Holiblld.,  LMm.,  Leipdj;,  1884,  p.  ^S.-Volkcnt,  Staodort  etc,  Jahrb. 
teliacr  Gaitcn,  Bd.  Ui,  iM4t  P*  >a— Schoebcs'.  Anat.  a.  niM.  Kenntn.  ▼.  Cml^m/dion  tfiAimm, 
Bodapcat,  1885,  41  pp.  and  6  Tat.  HimgariaD ;  abttr.  in  Joit  18M5,  i,  p.  834-6.— Solereder,  Holartr., 
1885,  pp.  186-01.— Wittc,  Uancn,  Diat.,  Frrtbari:  i.  Br.,  1886,  pp.  43,  44.— [Mattci*  CoqvoIt., 
Bolo;:na,  i887.>— Volkcnt,  AegypL-arab.  Wtlite,  1887,  pp.  130,  131  and  Tab.  ¥,  z  and  xt.— PMit, 
Petiole,  M^m.  See.  tc  phyt.  ct  naL  de  Boidcaaz,  t^r.  3,  t.  iii,  1887,  pp.  345,  346  and  pi.  ▼.— 
[Gardiner,  Tetiolar  gtandt  of  Ip^mom^  Proc.  Cambridge  Phil.  Soc.,  vol.  vt,  1889,  p.  83.] — Soott, 
Anat.  of  Ifmmm  vtrsifbr,  Ann.  of  bot,  vol.  ▼,  1891,  pp.  173-80  and  pi.  zii,  xiU. — Peter,  in  Natiirl. 
Pflanicnfam.,  iy.  Teil,  Abt.  3ay  1891,  pp.  6-8...Zimniennann,  Pflanicntelle,  a.  Heft,  1891, p.  151.— 
(lioni,  CmUlloidi  ancleari  protetd  di  ComvolvHims,  Boll.  Soc.  hoc.  luL  189a,  p.  45.] — Schlrp^rell, 
Anat.  d.  TnUfloccn,  BoC.  (.cntralbL  189a,  i.  pp.  339,  a88  and  353  et  leq.  and  ii,  p.  1  et  mo.— 
ClKxlat  et  Roolet,  HtwUtU,  Hull.  Herb.  BoiMier,  t.  i,  1893,  i>.  191  et  leq.— Hallier,  NatiirL  Glied 
d.  C,  Englcr  Bot.  Jahrb.,  Bd.  zri,  1893,  pp.  453-591.— H.  Scbenck,  Anat.  d.  Lianen,  1893, 
pp.  ao6-ii  and  Tab.  z.— Peirce,  Struct,  of  the  hanttoria  etc.,  Ann.  of  Bot.,  vol.  vii,  1893,  p.  a9o 
ct  leq.  and  pL  xiii-xT.— Czatjek,  MUchfafttyit.  d.  C,  Siti.-Ber.  Wiener  Akad.,  Bd.  dii,  Abt  I, 

1894,  pp.  87-1)1  and  Tab.  I-t.>-H.  Scbenck,  ZerkliiftnngiTorK.,  Jahrb.  f.  wta.  Bot.,  M.  xxvii, 

1895,  pp.  601-4  and  Tab  xxi. — Ewart,  Leaf  rlandt  of  Ipomoea paniiulaia^  Ann.  of  bot.,  vol.  ix,  1895, 
pp.  a7«-88and  pi.  ix. — Grevilliu,  in  Englcr,  Itot.  Jahrb.,  Ikl.  xxiii,  1896,  p.  74.— Warming,  Halofvt 
Stad.,  K.  Duukc  Vid.  .Seltk.  Skr.  1807,  pp.  193,  194  and  aos.— [Mirande,  Latic.  et  tabes  cribUs  de 
Cnicntcs  monog.,  Joam.  de  bot.  1898,  p.  7oet  leq.l 

SOLANACEAE'. 

1.  Review  of  the  Anatomical  Featikes.  All  the  members  of  this 
Order  are  distinguished  by  the  |)Ossession  of  intraxylary  soft  bast,  which  is 
frequently  accom|)anied  by  sclerenchymatous  fibres.  S))ecial  internal  secretory 
organs  are  wanting.  The  stomata  are  mostly  surrounded  by  .several  epidermal 
cells  of  ordinary  shape  ;  but  isolated  examples  of  the  Acanthaceous  type  occur 
as  well,  i.e.  stomata  having  two  subsidiary  cells  placed  transversely  or  obliquely 
to  the  pore  {Schwenkia^  Melananihus^  &c.).  The  vessels  have  exclusively  simple 
|)erforations  ;  the  medullary  rays  of  the  wood  are  generally  narrow  ;  the  wood* 
|tarenchyma  is  scantily  devdo|)ed  ;  the  wood-pn>senchyma  bears  bordered  or 
simple  pits.  Isolated  grou|)s  of  bast-fibres  are  found  in  the  ix?ricvcle,  or  even 
these  are  wanting.  The  si-condary  bast  does  not  contain  t>a.st-fibres  in  any 
member  of  the  Order.  The  cork  develo|)sin  different  |)ositioas — in  theepidermi.s, 
or  m  the  outermost  cell-layer  of  the  primary  cortfx,  or  at  the  outer  limit  of  the 
bast.  Oxalateof  lime  isexcreted  in  the  form  of  solitary  or  clastered  crystals  or  of 
crystal  sand.  The  latter  is  very  widely  distributed  in  the  Order,  and  together 
with  the  intraxylary  phloem  is  highly  characteristic  of  the  Solanaceae,  although 
It  does  not  by  any  means  occur  in  all  the  genera.  The  hairy  covering  (Fig.  133) 
IS  often  abundant  and  varied.  Both  clothing  and  glandular  hairs  are  found, 
and  the  former  are  in  most  cases  simple  and  uniseriate.  Unicellular  clothing 
hairs  have  only  been  ol)served  in  Scktzanihus.  In  addition  to  the  types  men- 
tioned, branched  hairb  are  found  in  many  genera*  also  trichomcs  resembling 
stellate  hairs  (Sohnum,  Cyphomandra,  and  Dunalia),  and  finally  peltate  hairs 
(species  of  Solanum).  The  glandular  hairs  are  very  diverse,  and  vary  in  the 
length  of  the  stalk  and  the  size  of  the  head  ;  the  latter  may  coasist  of  a  single 
cell  or  of  few  or  many  variously  orientated  cells,  and  so  on.  The  follo>%ing 
features  are  also  worthy  of  s|)ecial  notice  :  the  alisence  of  gelatinization  in  the 
epidermis  of  the  leaf  and  its  occurrence  in  the  mesophyll  (Sclctophylax) ;  and 
the  anj)earance  of  interxylary  phloem  in  tlie  wikkI  of  the  root  in  Atropa^  Datura^ 
and  icoboha. 

2.  bTRiCTi'RE  OF  THE  Leaf.  The  leaf -**trurture  has  Iwn  specially  examined 

*  <  *f  the  SolanAccae  enumerated  io  Duraiid't  Indci.  I  e«4:ludc  A'titia  (regarding  thu  gcoai  and 
the  gcBBt  /.#ttri#i/#w4i,  rrferrcd  to  the  Hmalaceae  by  I  harand.  icr  the  appeodis  to  ihit  Order) ;  on 
the  other  hand  //mmmm,  OfUmmrm  and  MfistumfAms  S*  ku^mlim^  Benth.  ex  paru,  ViVfmtAwcmIm, 
llcoih.  cd.  lleiBtley)  noit  be  lacloded  m  the  Solanacete. 
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by  Vesque  and  Fedde  ^  The  leaves  vary  in  structure,  but  are  mostly  bifacial, 
according  to  Fedde.  Development  of  hypoderm  and  eelatimiation  of  the  ep- 
dermis  of  the  leaf  have  so  far  not  been  observed  in  the  Order,  but  gelatinixation 
of  the  mesophylly  similar  to  that  shown  by  the  species  of  Vdua  (Apocynaceae). 
was  found  by  Radlkofer  in  Sclerophylax  Lorenizianus^  O.  Hoffm.  The  smaller 
veins  of  the  leaf  have  sclerenchyma  accompanying  the  vascular  bundles  in  certain 
species  only  ;  stone-cells  have  been  observed  in  the  parench3ana  of  the  veins  in 
Sessea  stipulata^  R.  et  P.  (Fedde).  The  stomata  either  occur  on  both  sides  of 
the  leaf  (e.g.  in  Datura  Stramonium)^  or  only  on  the  lower  side  (as  in  Atropa 
Belladonna),  In  almost  all  cases  they  are  surrounded  by  ordinary  epiderma] 
cells,  varying  in  number  (often  three  or  four)  and  developing  according  to  the 
Cruciferous  type,  and  this  is  often  (e.g.  in  species  of  Jaoarosa^  WUkania^  and 
Solatium,  according  to  Vesque)  still  recognizable  in  the  mature  leaf.  Melanan- 
thus  fasciculatus,  bolered.  and  all  the  species  of  Sckwenkia  which  I  examined, 
constitute  an  exception  to  this  rule  ;  for  in  these  cases  stomata,  accompanied 
by  two  subsidiary  cells,  arranged  transversely  or  obliquely  to  the  pore,  occur  side 
by  side  with  stomata  of  the  ordinary  type  ;  according  to  Fedde,  two  similarly 
situated  subsidiary  cells  are  also  present  in  Dyssochroma  hngipes,  Miers  and 
Juanulloa  membranacea,  Rusby.  Depressed  stomata  are  only  mentioned  as 
occurring  in  Dyssochroma  and  juanulloa  by  Fedde.  The  position  of  the  stomata 
in  the  plant  described  by  Volkens  as  Fabiana  squamaia^  Ph.  is  peculiar ;  they 
are  found  on  the  apices  of  wart-like  elevations,  so  that  they  project  far  beyonH 
the  level  of  the  resinous  coating,  which  covers  the  surface  of  the  leaf  in  this 

Elant.  According  to  Volkens,  in  other  species  of  Fabiana  (such  as  F.  ienud/oUi^ 
[iers),  the  branches  are  provided  with  a  similar  resinous  coating,  and  also 
possess  stomata,  projecting  far  above  the  epidermal  surface,  and,  moreover. 
furnished  with  specially  long  '  horns.'  Certain  other  features  of  the  epidermis 
of  the  leaf  described  by  Fedde  should  also  be  mentioned,  viz.  the  occurrencr 
of  papillose  epidermal  cells  on  the  upper  side  of  the  leaf  in  JuanuUoa  mexicana^ 
Miers  and  Cestrum  roseum,  H.  B.  K. ;  the  presence  of  epidermal  cells  containing 
crystal-sand  in  Saipichroa  rhomboidea,  Miers,  and  of  an  excretion  of  wax  in 
Solatium  glaucophyUum, 

The  hairy  covering  consists  of  clothing  and  glandular  hairs,  and  present^ 
very  diverse  forms.  Among^st  the  clothing  hairs,  the  simile  unicellular  type  is 
very  rare  (Schizanthus),  whilst  simple  uniseriate  hairs  with  pointed  or  Uunt 
anices,  and  smooth  or  vernicose  walls,  are  very  widely  distributed(i4/ro^,  Daimra, 
Nicotiana,  &c.).  The  following  special  forms  of  uniseriate  trichomes  have  beer 
observed  :  {a)  the  hairs  of  Nicandra  physaloides,  Gartn.,  which  invariably  consist 
of  three  cells  (Fedde) ;  (6)  the  trichomes  of  Metternichia  Mncifns^  which  arr 
provided  with  a  very  long  terminal  cell  (Schlepegrell) ;  ana  (c)  the  trichomes  of 
//^NooNiVz,  distinguished  by  the  possessionof  a  thickened  terminal  cell  (Radlkofer). 
the  remaining  cells  having  thin  walls ;  theyare  sometimes  reduced  to  a  sinslc  thm- 
walled  hinge-cell,  filled  with  sjx^cial  contents ;  owing  to  the  stronger  growthof  thi< 
cell  on  the  outer  side  (i.e.  the  side  turned  away  from  the  part  of  the  plant  bearing 
the  hair), the  terminal  cell  becomes  adpressed  to  the  surface.  Schlepegrell,  without 
giving  any  detailed  description,  mentions  that  variously  branched  multicellular 
hairs  occur  in  Actiistus  arborescetis,  lochroma  tubulosa,  Poecilockroma  micro^kylla^ 

*  Fedile*t  iovestif^tioni ,  which  deal  with  (he  stnicturc  of  the  azit  ms  well,  extend  to  nnmaom 
ilieciet  of  the  following  i^nen  :  Lycof^ersitum^  Solanam^  Cypkomandra^  Atkmum^  rkytmHt,  CMm- 
maesanu'ha^  Saracka,  AiMssia,  /yassavia.  Capsicum ^  Brackitiui,  Discof^dimm^ 
IVithania^  Ntho<eUrum,  Acnistus^  lochroma^  Dumalia^  I.atum^  Ptfilockrmmm, 


Mandra^ra^    Dyssochroma,    Solandra,    Datura^  Sfof^a^   Phvsochiaimm,  /fytiejmmmt^  Mmrim, 
/ua»iu//oa,  Cestrum,  Goctua,  Sessea,  AfeiUmukia,  Aetsi'a,  JusHana,  retfia,  Afifttimm^ 
Bouclutia,  Kierembtrgi^^  Schiiamthus,  Saipij^iossis,  firomfoUiet,  Brumfilsim^  ScAwmUm, 
Autkocenis,  Silerophylax, 
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Lycium  halimifolium,  Solandra  *Haupti%,' Anisodus  luridus,  JuanuUoa  auranHaca, 
Cestrum  lauhfolium  and  Witheringia  *  spina  alba '  (see  also  Fig.  133.  £,  NicaUana 
Tabacum).  We  may  add  to  these  the  branched  trichomes  of  Chamaesaracka 
Coronopus,  Gray,  which  are  distinguished  by  their  squat  shape ;  the  base  is 
constituted  by  a  large,  thick,  barrel-shaped  epidermal  cell,  from  which  smaller 
lateral  cells  of  the  same  shape  branch  off  (Fedde).     The  candelabra-hairs 


ot  Solmmmw$  mrgitninum^  ,  _,  _  ^ 

mrmbicmm,  SdiweiaC :  B,  ljtMi<mximot  Of  tlw  PolU  Nkotiaaae ;  r-Q,  Spi/jwwiMttf 
MffAce  virw  of  the  gUadalar  haul,  O,  f  UmlKkr  htmd  ia  lowitsdiBAl  MCtioa ;  ] 
j.  MtUmmnthtu/msciaUatus^  SolerocL— A-c  aad  r-j  OrifiaAl,  D,  after  Volkeat, 


Fia  155.    Hait7  corermt  ^  ^^  Sotoaargf ;  A,  Ca»<falabrm-liair  of  Swat  waaHt^  ifieri>    •-<,  ! 

'gitminum^  Daa^;  B^io  Mrfoce-Hew  frooi  abova,  c;  te  mxftom,    D-j,  Gfcadalar  kain:  _.  -^- 

w9U  ^nHSflAML  K*  flt  P.,  F,  MMW1BS 

B,  after  j.llAlSr 


.r.2^ 


of  5^$sM  vfstila,  Miers,  may  also  be  included  here  (Fig.  133,  A^  according 
to  my  o>^'n  observation).  Trichomes  differentiated  like  stellate  or  tufted  hairs 
are  widely  distributed  in  the  species  of  Solanum  (Schlepc^^,  Vesque) ;  they 
consist  of  a  biseriate  or  multiseriate  stalk  and  a  tuft  of  ray-cells,  of  wtuch  the 
middle  one  is  sometimes  more  strondy  developed  than  the  others.  The  trichomes 
of  Cyphomandra  abutiloides  only  diner  from  those  just  mentioned  in  the  faurt 
that  some  of  the  cells  of  the  biseriate  stalk  are  produced  into  hairs  ;  whibt  the 
hairs  of  Dunalia  sp.  are  club-shaped  structures,  the  superficial  ceUs  of  which 
have  a  polygonal  outline,  and  are  occasiooally  developed  in  a  hair-like  form 
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(Schlepegrell).  Peltate  hairs  are  confined  to  certain  species  of  SoUmum  (5. 
argenieum^  Dun.»  5.  Swarizianum^  R.  et  Sch.»  5.  Velloxianum,  Dan.,  according 
to  O.  Bachmann,  Fig.  133,  B-C).  They  have  a  biseriate  or  (5.  Vfllanmmmm] 
multiseriate  stalk ;  the  numerous  ray-cells  start  from  a  central  cell,  embedded 
in  the  middle  of  the  shield  and  projecting  to  a  varying  extent  above  its  surface. 

The  form  of  the  glandular  hairs  is  as  varied  as  that  of  the  clothing  hain 
(see  Martinet,  Solereder,  Schlepegrell,  Volkens,  and  the  pharmacological  works). 
Diversity  is  found  both  in  the  structure  of  the  stalk,  which  varies  in  length  and  is 
unicellular  or  uniseriate,  as  well  as  in  that  of  the  head.  Several  forms  commonly 
occur  in  the  same  species.  Glandular  hairs,  with  a  short  or  long  stalk  and  a 
spherical  unicellular  head,  have  been  observed  in  species  of  Atrapa,  Fabiana  \ 
Hyoscyamus,  Saipiglossis  and  Scleraphylax.  Hairs  of  a  similar  structwv  are  also 
found  in  Mdananthus^  and  in  the  species  of  Schwenkia  belonging  to  the  sections 
CestranthuSy  ChaetochUus  and  Eascnwenkia^  but  in  these  the  stalk,  whicb  is  com- 
posed  of  a  few  cells,  is  drooping,  and  the  head  may  sometimes  come  to  consist  ol 
2~4  cells,  owing  to  the  development  of  vertical,  or  both  vertical  and  iMmzontal 
walls  (Fig.  133,  /).  Glandular  hairs  with  a  disc-shaped  head,  divided  by  vertical 
walls  only,  occur  in  Lycopersicum  and  Solanum  (composed  of  four  cells,  according 
to  Martinet),  and  in  the  section  Brachyhelas  of  the  genus  Schwenkia  (with  radiaDy 
arranged  ray-cells).  In  another  series  of  extemaJ  glands  there  is  an  ellipsoidal 
head  divided  by  walls,  which  are  (rarely)  horizontal  only,  or  more  commonly 
horizontal  and  vertical,  or  irregularly  arranged,  the  glands  having  short  staJks 
in  species  of  Anihoccfcis^^  Airopa,  Brunfelsia,  Datura^  Dubaisia^  HyoscymmmSt 
Lycopersicum,  Nicotiana  (Fig.  133,  £),  PhysaUs,  Scopdia,  section  CardiomehM 
of  Schwenkia^  Solanum ;  long  stalks  in  Datura,  Hyoscyamus^  Nicotiana  (Fig.  133, 
E),  Saipiglossis,  In  hairs  of  this  type,  if  the  stalk  is  short  and  graduates  into 
the  multicellular  glandular  head,  club-shaped  forms  result  {Duboista,  Fig.  133.  tf, 
Brunfelsia,  section  Cardiomeria  of  Schwenkia),  The  external  glands  (Fi^.  133,  D)^ 
described  by  Volkens  as  occurring  in  Lycium  arabicum,  Schweinf .,  reqmre  special 
mention  ;  they  are  somewhat  club-shaped  structures,  which  consist  of  two  cdk 
placed  one  above  the  other,  and  project  as  papillose  protuberances  from  the 
central  portions  of  the  epidermal  cells.  The  glandular  shaggy  hairs  of  spcdes  of 
SchizatUhus  (Fig.  133,  F-G)  are  also  noteworthy ;  the  long  stalk  consists  of  four 
rows  of  cells,  surrounding  a  narrow  intercellular  canal,  and  the  mnlticdlnlar  head 
is  clothed  by  epidermal  cells  which  have  a  polygonal  outUne  in  siirfaoe*view, 
and  are  seen  to  be  elongated  Uke  a  palisade  in  a  longitudinal  section  of  the  head. 

In  addition  to  the  clothing  and  glandular  hairs,  spines  (emergences)  are 
found  in  certain  species  of  Solanum  ;  they  are  composea  of  Ugnifi«d  tissue,  the 
cells  of  which  are  rounded  in  transverse  and  elongated  in  longitudinal  sectioD. 

Oxalate  of  lime  is  excreted  in  the  form  of  crystal-sand,  small  OTstab  of 
various  shapes,  clustered  crystals,  sphaerites  (in  Grabowskia  boerkamaefolia, 
Schlecht.,  according  to  Aser  Poli),  and  ordinary,  large,  soUtary  crystals.  Ci^tal- 
sand  is  very  widely  distributed  ;  it  is  contained  in  cells  of  the  pith,  primary 
cortex  and  bast  of  the  axis,  as  well  as  in  cells  of  the  mesophyll  (very  rarely  also 
in  the  epidermal  cells  of  the  leaf,  see  above)  occurring  in  the  form  of  gramics, 
which  are  occasionally  of  relatively  large  size  and  are,  for  the  most  part,  <ustinctty 
tetrahedral  in  shape  (Fig.  134).    Crystal-sand  has  been  described  ^  difiercnt 


'  Thete  gUndnbu-  htdn  fonn  an  onosiudlv  thick,  retinoits  crust  on  the 

F,   viscMi,  Hook,  ct  Am.,  F.  denmdata.  Mien,  mnd  F,  Ptthii,  Niedcri.    We  OMiy 
ft  umilar  retinons  oust,  which  ocean  in  a  pUnt  described  as  /*.  spuummt^  Ph..  it  1 
glandnlar  trichomes,  bat  owes  its  origin  to  the  coricy  tissoe  dereloped  benouh  the  fow 
(i.  e.  outer  turfiioe)  of  the  leaTcs  which  are  here  adprcssed  to  the  branches ;  the  cdb  of  ddt  cciilt 
are  filled  with  the  tame  kind  of  resin  as  that  deposited  soperfidally  (  VoUccds). 

*  The  depressed  dots  00  the  lower  side  of  the  leaf  in  j4.  viu^sm,  R.  Br.  are  dm  to  tkt 
gUnds  described  abovei  the  Utter  being  sonk  in  the  sorface  of  the  leaL 
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authors  (De  Bar>%  Vesque,  Radlkofer,  Solereder,  Arcangeli ')  in  certain  species 
of  the  genera  Acnisttts^  Anisodus^  ArUhocercis^  Anihotrocke  (according  to  my 
own  investigation  of  A,  pannosa.  End!.),  Airopa^  Brugmansia  {^Daiwra)^ 
Cacabus  (according  to  a  casual  examination  of  C.  mexicanusy  Wats.),  Cafsicum^ 
Coeloneuron,  Cyphomandra^  Datura^  Discopodium^  Duboisia  (in  D,  myaporoides, 
Benth.,  according  to  a  casual  observation),  GoeUeOy  Henoonia^  Jaborosa^ 
lochroma^  Isandra  (accordin^^  to  a  casual  examination  of  /.  BancrofHi^  F.  v.  Miill.), 
Lycium,  Lycopersicum^  Ntcotiana,  Salpichroma^  Salpiglossis,  Saracha^  ScUrth 
phylax,  Scopolia,  Solandra^  Solanum^  Vestia  and  WUhania  ;  so  far  as  is  known 
It  is  characteristic  of  the  genera  mentioned.  In  the  same  plant,  crystal*sand,  even 
though  present  in  the  axis,  is  not  always  to  be  found  in  the  leai ;  for  in  the  latter 
organ  it  is  very  commonly  refdaced  by  clustered  crystals.  Further,  soUtaiy 
crystals,  or  clustered  and  solitaiy  crystals,  may  occur  side  by  side  with  the  crystal- 
sand  in  the  same  plant.  Not  unconunoidy  we  find  clustered  crystals*  embedded 
in  crystal-sand,  e.g.  in  Henoonia  myrtifolia^  Griseb.,  according  to  Radlkofer.  The 
precise  distribution  of  crystal-sand  in  the  Solanaceae  has  not  yet  been  deter- 
mined, but  so  much  is  certain,  that  crystal-sand  does  not  occur  in  all  the  members 
of  the  Order.  Thus  in  Schwenkia  and  MdananihuSf  for  examfde,  oxalate  of  Ume 
is  always  excreted  in  the  form  of  clustered  crystals 
only ;     the  absence  of    crystal-sand   has   Ukewise  y'^V 

been   demonstrated    by   Vesque    in    Fabiana   and       y^  ^1  \^ 
Tsicrcmbergia,  as  well  as  in  Uicandra  physahides;      /\\\  /V^ 

and  in  Cesirum  corymbosum^  Schlecht.,  Fabiana  ^^\\  ^  '^sAsA 
imbricaia,  Ruiz,  et  Pav.  and  BrunfeUia  Hopeana^  ^^  y^^  ^^''v^ 
Benth..  1  was  unable  to  find  crystal-sand,  at  least  ^--V  ^    ^ 

in   the  axis  ;   nor  did  ArcangeU  meet  with  it  in 
Petunia  phoenicea.    With  regard  to  the  remaining 
modes  of  excretion  of  oxalate  of  hme,  it  may  be 
mentioned  that  rather  small  crystals  of  prismatic, 
cubic  or  octahedral  shape  have  been  observed  by 
Fedde  in  the  axis  or  leaf  of  certain  species  belong- 
ing    to    the    genera    Airopa,    Capsicum^    Datura,        ^^  ,^.    jtocw.  qf  aymaii^ 
Hyoscyamus,     lochroma,    Saracha,     Triguera    and    M»di«UKS>iw»oe«e.-Aiief Are- 
Withania ;  the  same  author  met  with  elongated  sacs,    *°'*^* 
filled  \%ith  solitary  tetragonal  crystals  in  the  bast  of  Dunalia  lyciaides,  Uiers. 

The  petiole  exhibits  a  uniform  type  of  structure  in  the  species  of  the  genera 
Atfopa,  Capsicum,  Datura,  Hyoscyamus,  Lycopersicum^  Nurembergia,  NicoUoMO^ 
Physahs  and  Soianum  investigated  by  P^tit.  The  fibro-vascular  system  in  all  cases 
consists  of  a  bicoUateral  arc  of  wood  and  bast,  accompanied  bv  1-4  smaller 
vascular  bundles  on  each  side  of  the  more  or  less  deep  groove,  which  is  present  00 
the  u\>y>cT  surface  of  the  petiole. 

3.  Stricture  OF  THE  Axis.  An  important  distinctive  character  of  the  axis 
IS  to  l>e  found  in  the  presence  of  intraxylary  soft  tiasi,  which  has  been  demon- 
strated by  various  authors  (Vesque,  Radlkofer,  Solereder,  Schlepegrell,  Fedde) 
in  numerous  species  of  most  of  the  genera  *.    The  two  exceptions,  first  mentioned 

*  The  ftatemenu  in  Fedde't  work  are  uofortmiAtely  expfeswd  to  neb  a  gCDCnd  wmj  and  are  to 
va^Qc,  that  they  could  not  be  taken  into  account  in  the  enameratioii  gtren  above. 

'  Feiiaci  statement  (loc  cit.  p.  31)  rmrding  tbe  oocarrence  ci  loUtary  ajitals  embedded 
in  crv-stal-sand  in  tome  memben  of  the  Oroer  is  certainly  iaoorrect  in  the  caae  ci Dmiurm  Taimla^ 
which  If  one  of  the  ipeciet  dted  (tee  Fig.  5  in  Fedde't  (date,  where  the  bodies  eodoeed  \m 
crystal -tand  arc  cluttered  crystals). 

>  The  Kcnera  are  as  follows  (in  the  seqneiice  of  Darand*s  Index);  the  material  inircitigated  if 
only  named  ti>ed6cally  in  those  cases  in  which  bicoUaterml  stractnre  is  recorded  for  the  first  time : 
Trib.  I.  Solaneae:  Lfcoptrsicmm,  SoUtnmm,  Cyfkrmmmdrm^  Aikmmm^  PkysmHs,  CkmmmiUtmchm^ 
Sara^Aa,  MilUssia.  Basmna,  Capsicum,  Brtuhistut,  DittPprdimm,  MmrpurmMikm,  IVitkmmim, 
N^k0.  (Strum,  Amishu,  HthttUkimj9ckr9tua^  DumtUm.Laim^  Jimiimkrmma,  Pkrwim,  Cmcdka, 

Pp  2 
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by  Schlepegrell,  viz.  the  genera  Retzia  and  Lonckoslama^  will  be  discussed  in  ao 
appendix  to  this  Order ;  these  plants  must  be  excluded  from  the  Solanaceae. 
llie  internal  margin  of  the  intraxylary  phloem  is  very  commonly  strengthened 
by  sderench)ana ;  the  latter  usuaJUv  resembles  bast-fibres  aiid  sometimes 
forms  strongly  developed  groups.  This  sderench3ana  is  either  differentiated 
as  a  continuous  ring  at  the  margin  of  the  pith,  or  in  the  form  of  isolated  bundles 
situated  in  the  medullary  sheath  ;  it  is  sometimes  separated  from  the  xykm- 
mass  by  a  few  layers  of  parench3anatous  cells.  Secondary  growth  of  the 
intraxylary  phloem  by  means  of  a  cambium,  situated  at  its  outer  margin,  is  no 
rare  occurrence  (e.g.  in  Lycium  barbarum) ;  in  Anthoirocke  pannosm  this 
cambium  also  produces  a  few  vessels  externaUy  at  some  points.  In  certain 
cases  (Solanum  tuberosum  and  5.  Dulcamara^  according  to  De  Baiy, 
Nicandra  physaloides^  according  to  Petersen,  NicoHana  Tabacwm^  aocordiog 
to  De  Toni,  Airopa  Belladonna,  according  to  H6:ail)  medullary  groups  d 
soft  bast  have  been  observed  in  addition  to  the  bast  situated  in  the  medullary 
sheath. 

No  other  anomalous  features  in  the  structure  of  the  axis  are  known,  even  in 
the  climbing  species  of  Solanum  (H.  Schenck).  On  the  other  hand,  the  wood  of 
the  root  in  Datura  Stramonium  and  Scopolia  airapoideSf  according  to  J.  E.  Weiss, 
and  in  Atropa  Belladonna^  according  to  Radlkofer  and  Beauvisage,  contains 
interxylary  phloem,  which  is  produced  by  the  cambium  on  its  inner  side.  We 
may  add  that  the  concrescence,  frequent  in  this  Order,  of  the  leaves  with  the 
shoots  springing  from  their  axils  (recaulescence)  is  commonly  also  evidoit  in 
the  anatomical  structure  ;  a  section  through  such  points  distinctly  shows  the 
limits  of  the  vascular  system  of  the  two  organs  (Wettstein). 

As  regards  the  structure  of  the  wood,  we  may  mention  the  fcdlowing  facts, 
which  are  chiefly  derived  from  Fedde*s  work.  The  vessels  vary  in  thdr  arrange- 
ment and  the  size  of  their  lumina  (maximum  diameter  =:-O3-«09  mm.),  the 
breadth  of  the  medullary  rays  is  usually  small ;  in  Datura  Metel,  L.  uid  D.  mrbonia^ 
L.,  however,  the  rays  may  consist  of  six  rows  of  cells  (Herbst).  The  bordered  pits 
on  the  walls  of  the  vessels  are  occasionally  of  considerable  size.  Where  they  are 
in  contact  with  parench)ana,  the  vessel-walls  may  either  bear  both  simple  (often 
larse)  and  bordered  pits  (in  the  species  of  Acnistus^  Cestrum^  Daimm^  Sctmndra 
and  Solanum^  named  in  my  '  Holzstruktur '),  or  bordered  pits  only  (in  the 
species  of  Anthocercis,  Brunfdsia,  Fabiana  and  Lycium^  cited  in  the  same  work). 
Spiral  thickening,  extending  to  all  the  pitted  vessels,  or  only  to  those  with  narrow 
lumina  (and  to  the  tracheids),  has  been  observed  in  certain  soedes  of  Acnistuu 
Anthocercis,  Cestrum^  Grabowskia^  Lycium  and  Solanum  (see  M6iler,  my  *Holi- 
struktur '  and  Pomrencke).  The  perforations  of  the  vessels  are  alwavs  exclu- 
sively simple.  The  wood-parenchyma  is  scantily  developed.  The  wood-prosen- 
chyma  bears  either  simple  or  bordered  pits,  or  transitional  forms  between  the 
two  (i.e.  indistinct  bordered  pits,  or  simple  pits  accompanying  others  with  indis- 
tinct borders  *).    The  walls  of  the  wood-prosench3ana  are  usually  not  very  thick ; 

A'uandra,  THgueru^  TrtchonatUs,  Himtnmikus^Jaborosa^  S^dmun^SmifUkrwa;  Tribw  a,  AtnpcM : 

Grabmvtkia,  LyciMm,  Atropa,  Mandrag^ra^  l>/sj§cAr9ma,  Mmmdrm ;    Trilk   S.    H^ 

Datura,  ScppoHa^  Physocklaina,  Hyoscyamus ;  Trib.  4.  Cotrinese:  Markm^/m 

Goetzea,  Sessta,  Afettemukia,  Fabiana,   Vestia,  A'uatuma;   Trib.  5.  Sftlpigla 

Bauckiiia,  Niertml>€rgia,  Leptogiossu,  Kiyisia  {H.  chikmsis.  Gay,  Gaj,  Chile,  Herb.  Kcv*,,  SrAt- 

sanikms,   SalHghssis,    Brtmallia,  Sirtfiasoim    (S.   /am€smt\  Mien,  Hcrik   Kcv), 


Sckwenkia,  Duboisia,  AntkoarcU,  Anthoirulu  {A,fammsa,  Eodl.,  Origiaftl  ipeetaHa  of  tbeVHBM 
Herbarinm),  ScUr^phylax  (ftliio  S,  tpifuscms.  Mien,  Tweedie,  Bnoilie,  Hert.  Kev),  Imm^ 
(/.  Bamrtftii,  F.  ▼.  Mull..  Herb.  Kew) ;  finally  the  geoen  Htmmmim  and  Cmkmmwm^  taaifani 
to  the  Solanaceae  by  Radlkofer,  as  well  as  Atelamantkus, 

'  H.  Schenck's  sutement,  that  *  according  to  Solereder*  it  b  cfaanctcrirtlc  of  tkt  tiiii  (M>r 
that  fibrons  cells  containing  starch  form  tlie  ground-mass  of  the  wood,  it  oootnry  to  tilt  data  «■  tkv 
subject  given  in  my  *  Holzitniktnr.'  Acc(»ding  to  Fedde  we  find :  rinplt  pittkf  of  tkt  ' 
proeenchyma  in  species  of  Acnistm,  Bmss^via^  Dtmrnlim^  Dytmekr$mm^   " 
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but  the  prosenchyma  in  species  of  Brunfdsia^  Fabiana^  Goeizea^  Grabowskia  and 
PAro</M5,which|b^rs bordered  pits,  possesses  strongly  thickenedceU-walls.  Septa- 
tion  of  the  wood-prosenchyma  by  means  of  delicate  division-walls  has  been  met 
with  in  species  of  Acnistus^  Brachistus^  Dunalia,  JuanuUoa^  Salpichroa  and 
Solandra. 

In  the  structure  of  the  cortex  the  development  of  the  cork  reauires  special 
notice.  The  first  cork-cambium  either  arises  in  the  epidermis  itsdf  (in  species 
of  Brunfelsia,  Datura,  Fabiana,  Nicandra,  Nieremberga^  Pkysalis^  Solanum^  and 
Vestia,  according  to  Vesque,  I>ouliot  and  Fedde,  and  in  Duboisia^  Mdananihus 
and  Schwenkia,  according  to  my  own  observations),  or  in  the  subepidermal  cell- 
layer  (in  species  of  Cestrum,  Fabiana,  Habrothamnus,  lochroma  and  Petunia, 
according  to  Ves<}ue,  Mdller,  Douliot  and  Schlepegrell),  or  at  the  outer  limit  of 
the  bast  (in  species  of  Dunalia,  Grabowskia,  UUua,  Lycium,  Afandragqra  and 
Phrodus,  according  to  Douliot,  Mdller,  Schlcpegrell  and  Fedde).  The  cork 
usually  consists  of  cells  with  thin  walls  and  wide  lumina.  Fedde  has  shown  that, 
in  species  of  Brunfdsia,  Markea  and  Sessea,  for  example,  certain  of  the  cork- 
cells  have  thickened,  inner,  tangential  walls,  while  in  species  of  JuanuUoa, 
Phrodus,  Sessea  and  Solandra,  the  cork  includes  stone-cells.  The  outer  portion 
of  the  primary  cortex  contains  coUench)rma,  which  sometimes  (spcKries  of 
Dunalia  and  Acnistus)  includes  stone-cells.  Part  of  the  primary  cortex  is 
occasionally  developed  as  a  well-marked  assimilatory  tissue,  whidi  in  Saipi* 
glossis  sintuita  and  Leptoglossis  linifdius,  for  example,  is  differentiated  like 
palisade-tissue,  according  to  Schlepegrell.  In  the  pericycle  we  conmionly  find 
bast -fibres,  which  are  either  isolated  or  united  to  form  groups  of  various  sizes,  or 
a  loose  ring  ;  these  fibres  may  have  thick  (Markea,  Saracha)  or  thin  walls  (Lyco- 
persicum),  and  are  sometimes  septate  (in  Salpichroa  rhambaidea,  Uiers  and 
Salpiglossis  sinuata,  R.  et  P.,  according  to  Fedde) ;  stone-cells  occasionally 
occur  among  them  (species  of  Brunfelsta).  In  other  members  of  the  Order, 
such  as  Lycium  halimifolium,Physochlaena  phy$aIoides,Himeranthusmagellanicus^ 
&c.,  bast-fibres  are  entirely  wanting  in  the  pericycle.  An  endodermis  is  only  in 
rare  cases  (Browallia  Jamesoni,  Benth.,  according  to  Bom)  developed  around  the 
pericycle.  Bast-fibres  have  not  been  observed  in  the  secondary  bast,  but  Mdller 
found  occasional  rod-cells  in  Datura  suaveoUns,  Humb.  et  Bon]:d.  and  groups  of 
stone-cells  in  Cestrum  Pseudo-Quina,  Mart. 

The  pith  is  in  many  cases  composed  of  unlignified  cells,  but  frequently 
some  of  the  cells  become  sclerosed  (Cestrineae,  species  of  Brunfelsia^  Discopodium, 
Dyssochroma,  Duboisia,  Salpichroa  and  Sessea). 

Appendix. 

Retzia  capensis,  Thunb.  and  Lonchosiama  acutiflorum,  Wiksti.,  which  have 
been  referred  to  above,  may  now  be  discussed  in  mater  detail ;  they  are  without 
inlraxvlary  phloem,  and  must  be  excluded  from  the  Solanaceae. 

The  two  genera  Retzia  and  Lonchosiama  were  regarded  by  Endlicher  as  fonning 
an  independent  group,  the  Retzieae,  and  as  such  were  appended  to  the  Solanaceae. 
Miers  discovered  relationships  between  both  genera  and  the  Bmmaceae ;  more 
recently  his  example  has  been  followed  as  regards  the  genus  Lonchosiama,  which  by 
common  consent  has  been  transferred  to  the  choripetalous  Bmniaceae,  an  attempt 
being  made  to  explain  the  gamopetalous  corolla  of  Lonchosiama  by  assuming  a 
fusion  of  the  lower  portions  of  the  '  free  '  petals  by  means  of  the  stammal  filaments. 

Nuandray  XuoHama,  Pkys^kJatna,  Pguilockroima  mod  Soiammm  ;  tnniitioiial  forms  in  sPfcict  of 
Acntitus,  Antkoiercis,  Atk^naea^  BrwwmUu^  Capsicum,  Dmimrm,  FmHtma,  Nicotuma^  PkysaUs, 
Salf^ikroa,  Sariuka^  Sckixantkus^  Soiammm  and  THipmra;  typical  bordered  pitting  in  tpecict  of 
Afrv^a,  /inu/iutu       "        ,  .  .       ^       .         -    .  _-  .        ^     .  .         ^.      .    .. 

J^u^tsiu,  Co€tua, 

MelUsia, 

Soiamum,  I'ts/ia  and  Witkamm ;  and  also  in  Amikotrccks,  Isimdra  and  MiUmatUkm  (aboofding  to 

my  own  observation  . 


Jira*Atjtus,  BfunftUia,  Caeabus,  Cistmm^  Chammismtackm,  Cyphomamdv,  DitcopmUmm^ 
a,  Go€tua,  Grabowskia,  Hibtdadms^  Hemamia,JabarostL,Juammllm^  Lahta, lMmm,MmHua, 
,  Xiertmhtrgia,  Xcihoctsirum,  Pittmmm,  PktoJms,  SaipigUssis,  Sckweukia,  Sissm,  Solamdrm^ 
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On  the  other  hand,  the  eenus  Rettia  has  by  general  consent  been  left  amoncst  the  Sob- 
naceae  (being  included  in  the  Cestrineae),  although  it  differs  essentudly  from  aU 
other  members  of  that  Order  in  having  whorled  leaves.  Rsigia  is  certainly  not 
rightly  placed  amongst  the  Solanaceae ;  earlier  authors  made  unsuccessful  attempu 
to  refer  this  genus  to  the  Convolvulaceae,  Apocynaceae  and  Pblemoniaceae ;  recently 
Fedde  has  come  to  the  conclusion  that  he  has  found  the  correct  positioii,  viz.  in  the 
neighbourhood  of  the  genus  Nuxia  among  the  Buddleioideae. 

The  following  statements  may  be  made  with  regard  to  the  anatomy  of  the  two 
genera  in  question,  Lonchostoma  being  taken  first.  The  branch  of  LomekosUm^ 
acuHflorum^  in  addition  to  the  absence  of  internal  bast*  shows  the  following  featons : 
(a)  vessels  with  very  small  lumina.  scalariform  perforations  with  many  ban,  and 
b(mlered  pits  on  the  walls  in  contact  with  parenchyma ;  (6)  narrow  medoUary  rays ; 
and  (c)  wood-prosenchyma  with  thick  waUs  and  narrow  lumina,  and  covered  with 
small,  more  or  less  distinct  bordered  pits.  The  bast  contains  solitary  and 
clustered  crystals.  The  rather  narrow  leaves,  which  are  adpressed  to  the  brands 
have  a  mesophyll  showing  centric  structure  and  including  cells  filled  with  larfe 
clustered  crystals  ;  the  stomata  are  situated  on  the  upper  side  of  the  leaf  only,  and 
are  parallel  to  one  another,  and  without  subsidiary  cdk.  The  hairy  covering  ooo- 
SftBts  entirely  of  long,  simple,  unicellular  hairs  with  thick  walls.  The  nature  of  the 
hairy  covermg  and  the  structure  of  the  wood  are  not  opposed  to  the  inciosioo  of 
Lonchostoma  amongst  the  Bruniaceae. 

In  the  monotypic  genus  ReUia,  the  structural  features  of  the  aacis,  with  the 
exception  of  the  aosence  of  internal  soft  bast,  are  not  quite  the  same  as  in  Lameko- 
stoma.  The  vessels,  which  have  small  lumina,  are  only  provided  with  simple  pedora- 
tions,  and  bear  bordered  pits  on  the  walls  in  contact  with  pareochjrma.  The 
medullary  rays  are  narrow,  as  in  Lonchostoma,  The  wood-prosoichyma*  however, 
bears  simple  pits  in  Retzia.  The  thick,  linear  leaves  have  two  grooves  on  the  homtt 
side  ;  the  stomata  are  confined  to  these  grooves,  the  surface  of  which  is  covered  with 
hairs  throughout  the  life  of  the  plant;  in  the  young  leaf  hairs  also  spinng  from 
the  e^ndermal  cells  on  the  upper  side  of  the  leaf,  out  tnese  soon  fall  off.  The  simple 
hairs  in  question  are  lonf,  umcellular  trichomes  with  thick  waUs  and  narrow  lamins  ; 
they  are  seated  on  a  soUd  stalk-like  basal  portion,  which  constitutes  a  papilla  oo  the 
epidermal  cell  from  which  the  hair  arises.  When  the  hair  falls  off,  this  oanl  portsoo 
naturally  remains  behind.  Besides  the  simple  hairs,  I  have  observed  in  R§ttis  short 
glandulsu"  trichomes  with  a  unicellular  stalk  and  a  small  spherical  head  divided  by 
one  or  more  vertical  walls,  rarely  by  one  or  two  horizontal  walls  atoo.  Finally  a  very 
noteworthy  feature  is  the  excretion  of  oxalate  of  Ume  both  in  the  mesopl^ll  and  in  the 
pith,  in  the  form  of  small  acicular  crystals  or  small  cmtals  of  varied  soane.  If  «e 
consider  the  affinities  on  anatomical  grounds,  besides  the  absence  of  internal  soft  bait, 
the  presence  of  elongated,  simple,  unicellular  hairs,  and  the  mode  of  excretioo  of 
oxalate  of  Ume  militate  against  the  inclusion  of  the  genus  RsiMia  *-*^*^*  the 
Solanaceae.  The  characters  of  the  oxalate  of  lime,  and  also  the  structure  of  the 
wood,  do  not  favour  a  close  relationship  between  Retsia  and  the  Bkuntaoeae. 

Utentnre :  Stnsborger,  In  Pringiheim  Tihrb.,  Bd.  ▼,  1866-7,  p.  313.— Chsloo»  Tig.  Ufa.  diooCiL. 


i.  M^m.f  1867,  pp.  5 3-<C— Martinet,  Org.  de  ito«H.,  Ann.  jic  nat,  itr.  5,  t.  zhr,  187a,  pj^  144  iad 

t  ••^Ddoraacs. 

kt.«ifr.  6,  L  u. 

!St  pp.  119  and  132  et  teq.— Moller,  Holzaiiat,  benlnchr.  Wicfliier  Akad.  1876,  pa.  5S,  59  aad 

L^De  Bary,  Vcrgl.  Anat,  1877.— Arcschoof,  Blad.  anat.,  Minacttkrift,  Lowl,  1878,  bw6i  «Ik^ 


164  et  seq.  and  pi.  9  and  14.— Snckow,  Pflanzcnstach.,  DiM.,  Ldptig,  1873,  p.  at.— Ddbread 
Pflanzensuch.,  Hanstein,  Bot.  Abh.,  Bd.  ii,  1875,  pp.  50,  51. — Veaqve,  in  Aaa.  ic.  aat.,  wtr.  6,  L 
1S75*  Pp-  119  ^d  132  et  teq.— Moller,  Holzanat,  uenlnchr.  Wiener  Akad.  1876,  pa.  jS.  59  ai 


and  Tab.  vii.  Tiii.— Resielbaith,  Vergl.  Anat.  6.  HoXtn,  Diak,  1879,  p.  70.~llaikr, 
i88a,pp.  i77-8a-~Petcnen,  Engler,  Bot.  Jahrb.,  Bd.  iii^  188a,  pp.  38a,  383.^1Uak.  Bfea d.  &-BL, 
MiU.  Labor,  f.  Warenk.  a  d.  Wiener  HandeUakad.  1883,  n.  io»  pp.  186-94.}— J.  E.  WtHS,  is  BoL 
Ccntralbl.  1883,  iii,  p.  aid.— Veaqne,  GamopcUlet,  Ann.  ic  nat,  a^.  7,  t.  i,  1885,  pp.  iilf-JO|  aid 
pi.  xiY.— Solereder,  Holzstr.,  1885,  pp.  193-4.— Ilerail,  in  Ann.  ac  nat,  a^.  7,  t  ii»  ltt|,  p.  IQJ 
ct  leq. — Bom,  Vergl.  tytt.  Anat.  d.  Stengels  d.  Labiaten  etc,  Diaa.,  Berlin.  1M6,  ppw  48,  49. -> 
O.  Bachmann,  Schildb.,  Flora  1886,  lep.  copy,  pp.  ac,  a6  and  Tab.  is. — Iloch,  Bctsar.  maaa 
Labiaten  etc.,  Diaa.,  Freiburg  i.  Br.,  1880,  pp.  53-61.— Volkens,  AmpL^uwh.  WOale;  iSSj.jpfk  ijj. 
134  and  Tab.  zt.— Petit,  P^ole,  M^.  Soc.  ic  pbvt.  et  naL  de  Bordcsn,  ifr.  3»  I*  in,  1887. 
PP- 1¥>-4  luid  pi.  ▼.— Radlkofer,  Hemomtia^  Sitz..Ber.  MOnch.  Akad.,  1888,  pp.  40f-si* — Dostto^ 
in  Ann.  ac  nat,  a^r.  7,  t.  z,  1880,  pp.  376,  377.— Radlkofer,  Thmpluratim^  Sltz.-Ber.  Mlach.  Akni 
1880,  p.  271  et  seq.— Scott  and  Brebner,  in  Ann.  of  bot,  ▼<^  ▼,  1891,  p.  a65  cC  aso.— VoUhm. 
Lack.  Bl.,  Ber.  dentach.  bot  Geaellacb.  1800,  p.  130  et  ieq.~Wettatcin,  in  MstiirL 
iy.  Teil,  Abt  3  b,  1891,  pp.  6,  9.— De  Tom  and  Paoletti,  Anat  Ban  too  A^Mmms  7 
dentach.  bot.  Geaellsch.,  Gen.-Verk-Heft  1891,  pp.  43-50  and  Tab.  xl,  xlL^Solcndcr*  i 
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loc.  ciL,  pp.  65-S5  and  Tab.  xiii. — Arcan^li,  Sail*  OitaUto  calc  criptocrisUlL,  Nooro  Giom.  bot 
lul..  vol.  xxiii,  i^iy  pp-  367  mud  489  et  teq.  mod  Tat.  U. — BcaaTinge,  Fasc  cribl^  encUv^  dims 
le  boit  lec.  de  la  Belladonoc,  Jonm.  de  boL,  L  v,  1891,  p.  161. — J.  £.  Weisa,  KorkbikL,  Denkachr. 
Regensb.  bot.  G«scllich.  1891,  lep.  copy,  pp.  55,  56. — Chodat,  in  Koogroiber.  Genua,  189), 
sep.  copy,  pp.  4  and  la.— Schlepegrell,  Anat  d.  Tnbuliflor.,  Bot.  Centralbl.  1893,  U,  pp.  4  and  33 
ct  scq.— Pomrencke,  in  Arb.  bot.  Cart.  Brealan,  1893,  pp.  SS'-S. — H.  Sdienck,  AnaL  d.  Liaiien, 
1893,  p.  aia.— HerUt,  Markstr.,  Bot.  Centralbl.  1894,  i,  p.  358  et  seq.— Rnoell,  Climat  m^,  Ann. 
sc  nat.,  s^.  8,  t.  i,  1895,  p.  334.— Fedde,  Vergl.  AnaL  d.  S.,  Disa.,  Bieilan,  1896,  48  pp.  and 
I  Tab.— Hartwich,  Hjt^icyamus,  Arch.  ic.  phjn.  ct  nat  1806,  ii,  p.  418.— Wtttlin,  Kaikozalattasch., 
Bot  Centralbl.  1896,  iii.— KohU,  Phelloderm,  Bot.  CentralbL  1897,  iU,  p.  aa8.— (See  alio  the  lUte- 
ments  regarding  the  ftractnre  of  the  officinal  Sol anacea  in  the  phannaoocnostic  worki  of  Flflckiger, 
Moller,  VogU  A.  Meyer,  etc.V-{SabrU,  Etude  tor  la  Belladonne,  TtJs&t^  Montpellia,  1896.— 
Solercder,  Zwci  Beitr.  xor  Syst.  der  S.,  Ber.  deatach.  bot.  Geiellsch.  1898,  pp.  343-60.] 

SCROPHULARINEAE  ^ 

1.  Review  of  the  Anatomical  Features.  Features  specially  charac- 
teristic of  this  Order  are  the  absence  of  intraxylary  phloem  and  the  possession  of 
external  glands,  in  which  the  head  is  divided  by  vertical  walls  only.  The  stomata 
also  are  surrounded  by  three  or  more  epidermal  cells.  The  following  points  may 
be  noted  in  the  structure  of  the  axis  :  the  vessels  are  provided  with  simple 
perforations  throughout,  and  bear  bordered  pits  in  contact  with  the  parenchyma; 
the  wood-prosenchyma,  which  forms  the  ground-mass  of  the  wood,  bears  simple 
pits  ;  true  medullary  rays  are  frequently  absent ;  the  pericyde  shows  vaned 
differentiation  ;  and  superficial  as  well  as  internal  development  of  cork  has  been 
observed.  Excretion  of  oxalate  of  lime  is  rare,  and  takes  place  in  the  form  of 
small,  prismatic,  acicular  or  octahedral  crystals  ;  clustered  or  large  soUtary 
crystals  are  very  rare.  The  occurrence  of  carotin-  and  protein-crystals  in  the 
mesophyll  is  rather  common.  Idioblasts  containing  tannin  {Scrophularia)  are 
the  only  type  of  internal  secretory  receptacles  whicih  has  been  observed.  The 
hairy  covering  consists  of :  (a)  simple,  unicellular  or  uniseriate  trichomes, 
which  are  sometimes  of  the  nature  of  cystoliths ;  (b)  branched,  multicellular 
hairs  ( Verbascum^  Fig.  135,  A-B^  Leucophyllum^  Pauiownia) ;  (c)  glandular  hairs, 
in  which  the  stalk  varies  in  length,  and  the  head  is  unicellular,  or  owing  to 
the  presence  of  vertical  walls  consists  of  two  or  more  cells,  the  hairs  with  a 
multicellular  head  resembhng  the  peltate  glandular  hairs  of  the  Oleaceae ; 
and  {d)  peltate  elands  (Fig.  135,  C-F)  of  characteristic  structure,  occurring 
in  Lathraea^  Euphrasia  and  other  Rhinanthaceae,  and  only  projecting  sUghtly 
above  the  surface  of  the  organ  which  bears  them. 

2.  Structure  of  the  Leaf.  The  leaf-structure  has  been  examined  in 
detail  by  Vesque,  Chatin  and  £.  Koch,  and  has  been  found  to  vary.  Distinct 
bifacial  structure  is  met  ^^ith  in  some  cases  (eg.  Odoniiies  rubra^  Pers.) ;  in  others 
the  leaves  show  centric  structure  with  palisade  tissue  on  both  sides  {e.^.Scropku- 
laria  descrti,  Del. ) ;  whilst  in  still  other  cases  (e.g.  CastiUeja  arvensis^  Ch.  et  Schl.) 
the  mesophyll  is  entirely  composed  of  round^  isodiametric  cells.  The  epi- 
dermal cells  have  various  shap)es  in  surface-view,  but  undulated  lateral  walls 
are  especially  frequent.  The  cuticle  is  thin  and  often  striated.  Usually 
all  the  walls  of  the  epidermal  cells  are  Ukewise  thin;  cdls  with  thick 
walls,  and  lumina  fillea  with  tannin,  only  occur  in  desert-forms  {Linaria 
Hadava,  Del.,  Scrophularia  dtserti^  Del.,  &c.,  according  to  Volkens).  The 
stomata  are  either  present  on  both  sides  or  only  on  the  lower  side  of  the  leaf ; 
in  tho  former  case  they  may  be  present  in  equal  abundance  on  the  two  sides, 
or  may  he  more  numerous  on  the  lower  surface.  According  to  Vesque 
their  development  follows  the  Cruciferous  type,  but  this  is  frequently  obscured 


'  Laikrtua^  referred  by  lientham  and  Hooker  to  the  Orobanduceae,  no  doabc  belongs  to  the 
Scrophularincme ;  the  description  of  that  genos  is  cooscqnenUy  included  in  this  Order. 
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in  the  mature  leaf ;  that  is  to  say  the  stomata  are  surrounded  by  three  or 
more  epidermal  cells.  Hypoderm  is  mentioned  as  occurring  in  Veromiu 
speciosa  and  V,  LindUyana  by  De  Bary  and  Diels.  Gelatinixatioii  of  the 
epidermis  of  the  leaf  has  not  been  observed ' ;  but  a  red  or  blue  adonring  matter, 
dissolved  in  the  cell -sap,  maybe  present,  or  (still  more  conunonly)  therearechloro* 
phyll  grains  in  some  of  the  epiaermal  cells  of  the  leaf  and  stem.  The  tannin- 
ferous  idioblasts  of  the  mesophyU  of  Scrofhularia  deserti  are  large  dlipsoidal 
cells,  attached  to  an  epidermal  cell,  the  lower  end  of  which  penetrates  for 
some  httle  distance  into  the  mesophyll ;  these  idioblasts  extend  to  the  middle 
of  the  leaf,  where  they  are  inserted  on  the  ends  of  the  veins  (Volkens). 

The  scale-leaves  of  Lathraea  and  Toxxia  alpina  (which  are  provided  with  cmvitset). 
and  the  acicular  leaves  of  Hemiphragma  heteropkytlum^  WalL  (which  has  dimorphic 
leaves),  require  special  mention.  Ine  scale-leaves  of  Laihrasa^  as  is  well  known, 
have  a  system  of  hoUow  spaces  in  their  interior,  owin^  to  epinastic  recurving  of 
the  upper  side  of  the  leaf ;  these  spaces  are  {grouped  hke  a  tan,  and  open  to  the 
exterior  by  means  of  a  narrow  slit,  whilst  other  smaller  cavities  brancn  off  iroin 
them  laterally.  Only  the  surface  of  these  scale-leaves  (—morphological  upper 
side  of  the  leaf)  is  provided  with  stomata  (Krause),  whilst  the  epidmnis  01  the 
internal  cavities  bears  very  numerous  external  glands  (capitate  and  peltate). 
The  cavities  in  the  scale-leaves  of  Toxxia  are  much  simpler ;  they  are  fdrmed  by 
the  recurving  of  the  margins  and  tip  of  the  leaf,  and  are  provided  with  numerous 
glandular  hairs  of  the  same  type  as  in  Lathraea  ;  apparently  stomata  are  not  preKOt 
on  these  leaves.  The  acicular  leaves  of  Hemiphragma^  which  appear  in  relatioo 
to  the  inflorescence,  likewise  belong  to  the  category  of  roUed-teaves,  but  their 
margins  are  induplicate ;  stomata  are  only  present  in  the  groove  on  the  upper 
side  of  the  leaf. 

Oxalate  of  lime,  as  stated  above,  is  generally  excreted  only  in  the  form 
of  small,  prismatic,  octahedral  or  adctuar  crystals.  Large  solitanr*  and 
clustered  crystals  have  only  been  observed  in  Pauhwnia  imperuiUs^  $.  et  Z., 
the  former  in  the  pericycle,  the  latter  in  the  veins  of  the  leaf  and  in  the  petiole. 
According  to  Zimmermann,  protein-crystals  are  usuaUy  found  as  constituents 
of  the  nuclei  in  the  epidermis  and  mesophyll  (sometimes  also  in  the  tissue 
of  the  stem)  in  numerous  members  of  the  Order,  e.g.  species  of  DigiUlis^  Ed- 
leria^  Lathraea  \  Linaria,  Lophospermum,  Melan^p'^um^  Mimulus^  PmdommJM^ 
Pedicularis^  PetUstemon,  Phygelius^  RhinatUhus^  Russelia^  ScrophmUais^  Tormna 
and  Veronica ;  they  rarely  occur  in  the  cell-sap  (oeltate  nairs  of  Gf^OioU 
officinalis).  Crystals  of  carotin  are  mentioned  by  Koch  as  occurring  in  the 
mesophyll  and  accompanving  the  vascular  bundles  of  the  veins  in  spedes  of 
Alonsoa^  Antirrhinum,  Casia,  Lophospermtnn^  Scroi>hutaria  and  other  genera ; 
they  are  recognized  by  their  solubibty  in  alcohol,  blue  cdoration  with  con- 
centrated sulphuric  acid,  &c. ;  they  appear  as  yellow  crystals  of  different 
shapes,  such  as  columns,  plates,  needles,  and  so  on. 

The  following  description  of  the  hairy  covering  is  based  essentially  on 
the  statements  of  Bom,  Chatin,  Radlkofer  and  Vesc|ue.  In  Koch's  work, 
and  especially  in  that  of  Hoch,  the  description  of  the  tnchomes  is  too  imperfect 
to  be  spedallv  considered.  The  clothing  hairs  are  generaUy  nnir#>llwlyr  or 
imiseriate  trichomes,  the  walls  of  which  are  either  smooth  or  provided  with 
various  cuticular  thickenings.  The  uniceUular  and  uniseriate  hairs  some- 
times occur  side  by  side  in  the  same  species.    Vesque's  observation  that  these 

Kocb't  tutement  (loc  dt,  up.  x6  and  40  et  leq.)  regmrdtng  gelatiniiation  of  ikt  ^r****"^*!  of  tbc 


stem  in  Limaria  triomitpphpra^  \Villd.  and  other  spedet  is  incorrect ;  there  it  no  j 
the  wall  of  the  cells  shows  well-marked  cartilaginous  thickening. 

'  I  find  that  the  '  well-developed  large  solitary  crystals  *  occnrring  in  the  pith  of  qiodci  of  VitwrnitM 
and  Linarioj  according  to  Koch  (loc  dt,  p.  25,  &c.)»  are  only  of  relativelj  Isift  ibt;  tWy  ate 
much  smaller  than  the  solitary  cryiials  of  Fauhwmia, 

'  The  Orohanchaoeae  contain  no  crystalloids  (Zimoiermann). 
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simple  clothing  hairs  sometimes  assume  a  cystolith-like  character  deserves 
special  notice  ;  thus  the  unicellular  trichomes  of  the  Euphrasieae  are  calci- 
fied ;  in  Odontites  calcified,  cystohth-Uke  structures  appear  to  occur  also  in 
the  subsidiary  cells  adjoining  the  hairs ;  on  the  lower  side  of  the  leaf 
of  Melampyrum  arvense  we  find  hairs  composed  of  two  cells,  of  which  the 
lower  contains  a  cystohth-hke  body,  attached  to  the  division-wall  common 
to  the  two  cells.  In  Melasma  hispidum^  Benth.,  the  trichomes,  together  with 
a  group  of  subsidiary  cells,  are  siUcified,  and  give  rise  to  small  knobs  on  the 
leaf,  which  are  \isible  to  the  naked  eye.  Branched  multicellular  trichomes 
have  long  been  known  to  occur  in  Verbascum^  and  are  also  present  *  in  Leuco- 
phyllum  (according  to  Bentham  and  Hooker)  and  Paulownia  (according  to  my 
own  observation).  In  Verbascum  Thapsus^  L.  (Fig.  135,  A-B)^  the  hairs  in 
question  consist  of  an  upright,  uniseriate  main  axis,  from  which  whorls  of  from 
two  to  eight  ray-cells  arise  at  certain  points ;  a  whorl  of  the  same  type  also 
terminates  the  trichome.  Similar  hairs  are  found  in  other  species  oUVer- 
bascum.  In  the  floral  region  (V,  nigrum^  L.,  according  to  A.  Weiss),  and  oc- 
casionally on  the  leaf  (Virchow),  these  candelabra- hairs  undergo  reduction,  thus 
forming  stellate  hairs,  which,  for  example,  may  only  consist  of  a  stalk-cell,  a  neck- 
cell  and  three  ray-cells.  The  trichomes  of  Paulownia  imperialism  S.  et  Z.,  which 
are  branched  to  a  varying  extent,  may  be  regarded  as  representing  a  uniseriate 
hair,  in  which  some  of  the  cells  have  gro^Ti  out  to  form  rays.  Glandular 
hairs  have  been  sho\%Ti  to  occur  in  the  following  genera  :  Alonsoa^  Antirrhinum^ 
Hartsia,  Calceolaria,  Capraria,  Celsia^  Chelone,  Collinsia^  Cymbaria^  Digitalis^ 
Hrinus,  Euphrasia,  Freylinia,  Gratiola^  Herpestis^  Lathraea^  Limosella^  Linaria^ 
lAndernia,  Lophospermum,  Maurandia,  Mazus,  Melampyrum^  Mimulus^  Ne- 
mesia.  Odontites,  Faederota,  Paulownia,  Pedicularis,  Penistemon^  Rhinanthus^ 
Rhynchocorys,  Russelia,  Schwalbea,  Scoparia,  Scrophularia^  Tarenia,  Tozzia^ 
Verbascum,  Veronica,  Wulfenia,  Zaluzianskia,  The  glandular  hairs  are  pro- 
vided with  a  unicellular  or  uniseriate  stalk  of  varying  length,  and  in  most  of 
the  genera  are  distinguished  by  a  head  composed  of  1-4  cells  ;  it  may  be  added 
that  several  forms  of  hair,  differing  in  the  structure  of  the  stalk  and  head, 
may  occur  side  by  side  in  the  same  sj)ecies.  Glandular  hairs  with  a  short 
stalk  and  a  relatively  large  peltate  head,  composed  of  a  considerable  number 
of  cells,  have  been  obser\*ed  by  Vesoue  in  Graiiota^  by  Radlkofer  in  Capraria 
biflora,  L.,  Scoparia  dulcis,  L.,  and  Herpestis  gratioloides,  Benth.,  by  Volkens 
in  Calceolaria  pinifolia,  Cav.,  and  by  me  in  Russelia  sarmentosa,  Jacq. ;  in 
these  sj)eries  of  Capraria,  Scoparia  and  Herpestis,  the  hairs  give  rise  to  trans- 
parent dots  ;  in  Calceolaria  pinifolia  they  form  a  coating  of  varnish  on  the 
leaf ',  whilst  in  certain  species  of  Melampyrum  they  constitute  nectarial  spots 
on  the  bracts  (Rathay).  External  glands  of  a  peculiar  land,  usually  termed 
ix'ltate  glands  in  the  literature,  are  so  far  known  to  occur  in  species  of  Bartsia^ 
Euphrasia  (including  Odontites),  Lathraea,  Melampyrum^  Pedicularis^  Rhinan- 
thus  and  Tozzia,  and  are  probably  widely  distributed  in  the  Rhinanthaceae. 
They  coasist  of  a  large  *  central  cell,'  ha\ing  a  broadly  elliptical  or  almost 
circular  shape,  and,  inserted  upon  it,  a  group  of  cells,  with  the  same  general 
outline  ;  this  group  consists  of  from  two  to  four  '  Ud-cells,'  separated  from  one 
another  by  from  one  to  three  vertical  walls,  which,  when  several  are  present,  are 
parallel  to  one  another,  and  somet  mes  also  to  the  longitudinal  axis  of  the 
ellipse.     In  the  middle  of  the  '  lid-cells '  a  circular  or  slit-shaped  opening 


'  Koch'f  fttatcmcnt  rr^aniing  the  occurrence  of  branched  hairs  in  Dif^mlis purpuna  b  incorrect. 

'  With  reference  to  Koch's  statement  .loc  dt.,  f>.  103)  as  to  the  occorrenoe  of  gUodBlar  ibaggy 
hairft  with  a  multiseriate  stalk  in  *  Capraria  peniviama,  L.,'  I  maT  remark  that,  in  C.ptrmvmmm, 
lirnth  !  -  c'.  f*(/fi^ra,  L.).  I  only  found  glandnlar  hairs  with  a  rather  foog,  uniseriate  stalk  and  a  disc- 
yha{ied,  malticellolar  head,  divided  by  vertical  walls. 
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may  generally  be  seen  in  the  cuticle ;  this  opening  owes  its  origin  to  local 
sabcuticular  secretion^  and  the  consequent  bursting  of  the  cutide  (Goebd). 
In  Laihraea  and  Tozxia  the  central  ceU  rests  ui>on  a  basal  portion^  consisting 
of  small  cells,  separated  from  one  another  by  intercellular  spaces ;  in  other 
cases,  as  in  Pedicularis^  it  is  seated  on  a  single  basal  cell.  According  to  GoebeL 
the  function  of  these  peltate  glands  consists  in  the  excretion  of  water  ^ ;  in 
insect-catching  function  was  ascribed  to  the  glands  of  Laihraea  and  BiaisU 
by  Kemer  and  Wettstein,  but  this  has  been  shown  to  be  incorrect  by  Scfaerfid 


Fig.  13^.    A-B,  CAndrlabrmhair*  of  Verbtucum  Tkaptus^  L.    C-F,  PdUtd  (liiidt:  C-O, 
pirum  Caroiinum^  L.,  b-p,  Laikmm  9qmamarU^  L.— A-D,  Original,  B-r,  after  ScMrM. 

and  Heinricher '.  Goebel's  view  is  supported  by  the  fact  that  spinJ  tradiesds 
of  the  fibrovascular  system  extend  as  far  as  the  peltate  glands  00  the  scale- 
leaves  of  Laihraea  and  Tozxia,  Glandular  excretions  are  also  found  00  the 
leaf-teeth,  e.g.  in  Veronica  spuria,  according  to  Rdnke.  In  this  species  the 
leaf-tooth  contains  the  termination  of  a  vein,  accompanied  by  an  efxthema 
containing  mucilage,  and  there  is  a  group  of  water-pores  in  the  epidermis 
above. 

The  structure  of  the  petiole  has  been  investi^ted  by  Petit  in  species  of  Calceo- 
laria, Digitalis,  Linaria,  Lophospermum,  Pauhwnta,  PenisUwum^  Pkygthus^  S€90pkm 
laria  and  Verbascum.  In  the  characteristic  region  in  these  mcka  the  nlxo- 
vascular  system  consists  mainly  of  a  variously  shaped  arc  of  woocl  and  bast,  whach 
is  almost  circular  and  closed  in  Pauiownia,  or  of  an  arc  of  vascular  l>iuadles»  the 


'  lUberlandt  detciibcs  the  cmpiUte  hairs  of  Latkrmia  at  hTdathodet;  tbcy 
side  by  side  with  the  peltate  hairs,  aod  arc  sometimes  covoed  with  carboiuitc  of 

*  The  nature  of  the  'protoplasmic  processes*  of  the  peltate  glands,  describtd  by 
Wettstein,  has  not  yet  been  folly  explained  ;  Scherffel  refsids  them  as  **    '    ' 
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xylem-^aps  of  which  are  separate,  whilst  the  bast- portions  coalesce  (Maurandia 
antirrhtnifoiia,  Lophospermum  scandens ).  Sometimes  there  are  one  or  more  additional 
bundles  symmetncallv  arranged  on  each  side  of  the  groove  on  the  upper  surface, 
and  there  may  also  be  one  bundle  on  each  side  of  the  main  system  {Calceolaria 
chelidonioidts),  or  intrameduUary  bundles  may  be  present  (Patdownia  imperialis). 

3.  Structure  of  the  Axis.  The  structure  of  the  axis  has  been  examined 
especially  by  Chatin,  Bom,  E.  Koch  and  myself.  Our  knowledge  is  scanty 
regarding  the  development  of  the  cork.  Bom  remarks  that  in  Leucophyllum 
ambiguum,  Humb.  et  Bonpl.,  internal  development  of  cork  takes  place,  the 
phellogen  appearing  on  the  inner  side  of  the  bundles  of  primary  hard  bast ; 
Moller  found  that  in  Patdownia  imperialism  S.  et  Z.,  the  cell-layer,  situated 
immediately  beneath  the  epidermis,  becomes  the  cork-cambium,  and  gives 
rise  to  cork  consisting  of  cells  with  thin  walls  and  wide  lumina.  Collenchyma 
IS  either  entirely  wanting  beneath  the  epidermis  (as  in  Freylinia^  Halleria^  and 
other  genera)  or  (as  is  generally  the  case  in  this  Order)  the  outermost  cell-layer 
of  the  cortex  alone  shows  a  shght  collenchymatous  differentiation.  In  project- 
ing portions  of  the  stem,  when  strands  of  collenchyma  occur,  they  are  in  general 
only  weakly  developed  ;  they  are  rarely  strongly  differentiated  (e.g.  in  Scoparia 
dulcis,  L.),  and  they  then  recall  those  of  the  Labiatae.  On  the  other  hand, 
according  to  Bom,  on  whose  account  this  description  of  the  structural  features 
of  the  stem  is  mainly  based,  subepidermal  ribs  of  sclerenchymatous  fibres  are 
found  in  Russelia  samuntosa,  Jaco.,  Lindernia  Pyxidaria^  All.,  Vandellia  hirsula^ 
Ham.,  V.  Crustacea,  Benth.,  and  Bonnaya  brachiata.  Link  et  Otto  ;  in  Russelia 
uirmenlosa  there  are  mostly  six  of  these  ribs,  in  the  remaining  species  four. 
E.  Koch  observed  the  same  feature  in  Tarenia  Fournieri^  but  he  only  met  with 
isolated,  subepidermal,  sclerenchymatous  fibres  in  Melampyrum  arvense,  M,  oris* 
latum  and  M.  nemorosum,  as  well  as  in  Linaria  italic  a.  In  Gratiola  officinalis^  L., 
Rhinanthus  giaber.  Lam.,  Melampyrum  anrnse,  L.,  Lindernia  pyxidaria.  All., 
and  many  species  of  Pedicularis  (e.g.  P.  palustris,  L.),  the  primary  cortical 
tissue  is  lacunar*.  The  innermost  cell-layer  of  the  primary  cortex  is  in  many 
cases  formed  by  an  endodermis,  the  celb  of  which  either  show  Caspary's  dots  on 
the  radial  walls,  or  have  their  radial  walls  or  all  their  walls  suberized.  In  other 
cases  an  endodermis  is  not  present.  The  presence  of  an  endodermis  is  not 
always  characteristic  of  the  genus,  although  it  has  been  observed  for  example 
in  twenty-five  species  of  Veronica  and  all  investigated  species  of  Scrophularia 
and  Linaria  ;  thus  it  is  wanting  in  Pentstemon  gentianaides,  Don  and  P.  pube* 
scens,  Sol.,  but  is  present  in  P.  procerus,  Dougl.  Similarly  the  differentiation 
shown  by  the  endodermis  is  not  a  generic  character  ;  within  the  genus  Scrothu- 
tana  all  modifications  of  this  layer  are  found.  The  outer  hmit  of  the  oast 
shoe's  varied  differentiation,  but  in  no  case  has  a  typical  composite  and  con- 
tinuous sclerenchymatous  ring  been  observed.  In  this  region  of  the  stem  in 
CoUinsia  bicolor,  Benth.,  Mimulus  luteus,  L.,  Herpestis  cuneifolia,  Pursh, 
Euphrasia,  Pedicularis  pro  parte  and  Rhinanthus  bast-fibres  are  absent,  or 
only  very  few  isolated  fibres  occur.  In  Linaria  grandiflora,  Desf.  and  Chelone 
(glabra,  L.,  there  are  numerous  bast-fibres  arranged  in  bands.  Isolated  bundles 
of  bast-fibres  arc  stated  to  occur  at  the  outer  limit  of  the  bast  in  Pentstemon 
barbatus,  Nutt.,  P.  pubescens,  Sol.,  P.  procerus,  I>ougl.,  Gratiola  officinalis,  L., 
Halleria  iucida,  L.,  and  Leucophyllum  ambiguum,  Humb.  et  Bonpl.  In  Pau- 
lottnia  stone-cells  occur  in  the  tangential  direction  between  the  groups  of 
primary  bast-fibres  (Moller),  but  do  not  lead  to  the  formation  of  a  closed 

'  It  may  be  Do(rd  that  in  Rbitoma  GratioUe  oeftain  group*  of  the  cells,  bofdehng  the  Ucnsae, 
are  DTuvided  with  peculiar  ridge  like  thickenings  on  their  longitudinal  and  trBmrene  walls;  these 
thickenings  correspood  in  neighboaring  cells  (tee  VogI,  Pharmakognosie,  Vienna,  1893,  p.  598, 
Fig.  179). 
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strengthening  ring.  In  certain  other  members  of  the  Order  the  primary 
bast-nbres  unite  to  form  a  loose  (in  Gerardia  flava^  L.  and  G.  riguCa^  Gill.) 
or  a  dense  cylinder  of  bast  without  interspaces  (in  Celsia  UnuUa^  Spreng., 
all  investigated  species  of  Digitalis,  Paederota  Ageria^  L.  and  Bartsia  aipina^ 
L.).  In  this  case  the  ring  of  hard  bast  is  also  connected  with  the  xylem*riDg 
by  bridges  of  fibre-Uke  cells,  so  that  in  a  transverse  section  of  the  stem  the 
groups  of  soft  bast  appear  Uke  islands  embedded  in  mechanical  tissue.  As 
regards  the  systematic  value  of  these  different  degrees  of  differentiation  ol 
the  hard  bast,  it  is  of  importance  that  Bom  observed  all  types  within  the 
genus  Veronica  ;  it  is  therefore  evident  that  the  anatomical  features  in  ques- 
tion, at  least  in  some  cases,  are  only  of  value  in  specific  diagnosis. 

Hie  xylem  invariably  forms  a  dense,  closed  cylinder ;  as  a  rule  the  vesseb 
are  scattered  over  the  whole  transverse  section,  and  the  individual  vascular 
bundles  are  not  recognizable ;  in  other  cases  (e.g.  in  Aniirrhinum  Oraniium^ 
L.,  and  A.  tnajus,  L.,  VandeUia  Crustacea,  Benth.  and  Maxus  rugosus^  Lour.) 
the  individual  vascular  bundles  are  distinct  and  are  separated  from  one  another 
by  radial  strips  of  prosenchymatous  cells  without  vessels.  It  is  a  very  note- 
worthy fact  that  typical  medfullsiry  raj^,  i.e.  such  as  are  composed  of  parenchy- 
matous cells,  rarely  occur  in  this  Order.  In  my  '  Holzstruktur  *  I  laid  stress 
on  the  absence  of  medullary  ray-parenchyma  in  Alonsoa  linearis^  Roil  et  Pftv., 
Calceolaria  integrifolia,  L.  f.,  Castilleja  canescens^  Benth.  and  Vertmica  saUci- 
folia,  Forst.  f.  (all  of  these  being  woody  plants).  Bom  states  that  the  oocur- 
rence  or  absence  of  medullary  ray-parenchyma  is  characteristic  of  the  ^enos, 
and  that  typical  medullary  rays  are  wanting  in  all  investigated  speaes  of 
Veronica  and  in  the  Antirrhineae  *  and  Euphr^ieae,  whilst  they  are  present  in 
those  Leucophylleae  and  Aptosimeae  which  have  been  examinfri.  In  the 
present  Order  I  have  found  the  medullary  rays  to  be  z-4  cells  in  breadth ; 
the  cells  are  elongated  chiefly  in  the  vertical  direction,  according  to  Bom. 
Regarding  the  detailed  structure  of  the  remaining  elements  of  tat  xylem, 
attention  may  be  drawn  to  the  following  points,  the  information  being  doived 
from  my  own  investigation  of  species  belonfi[ing  to  the  genera  AlonsMi^  ApUni- 
mum.  Calceolaria,  Castilleja,  Esterhaxya,  Freylinia,  HaUeria^  LeuaMiyttmm, 
Lyperia,  Manulea,  Physocalyx  and  Veronica,  as  well  as  from  Bora  s  state- 
ments. In  all  cases  the  vessels  do  not  possess  larse  lumina  (maximum  diameter 
=  •015  to  -048  mm.).  The  nature  of  the  border^  pits  on  the  vesael-waU 
remains  unaltered  where  the  vessel  is  in  contact  with  parench)nna  of  the  medul- 
lary rays.  Spiral  thickening  of  the  vessel-wall  is  not  rare ;  I  have  met  with 
it  in  Aptosimum  depressum,  Burch.,  Castilleja  camscens,  Benth.,  FreyUwia 
undulata,  Benth.,  Leucophyllum  ambiguum,  Humb.  et  Bonjd.,  Lyperim  ctocm^ 
Eckl.  and  Veronica  salicifolia,  Forst.  f. ;  and  Bom  also  found  it  in  Venmka 
speciosa,  Cunn.,  V.  macrocarpa,  Vahl,  and  Gerardia  rigida.  The  performtioDS 
of  the  vessels  are  invariably  simple.  The  wood-parench)nna  is  scantily  de* 
veloped.  The  wood-prosenchyma  appears  to  have  simple  pits,  as  stated  by  Born. 
In  Freylinia  undulata,  Benth.,  prosenchyma  with  large,  distinct  bordered  pits 
occurs  side  by  side  with  that  bearing  simple  pits  (Bom).  Septation  of  the  wood- 
prosenchyma  has  only  been  observed  in  HaUeria  luctda,  L. 

The  pith  is  frequently  unlignified  in  the  herbaceous  species.  In  Pau- 
lottmia  imperialis  the  young  shoots  show  septation  of  the  pith,  which  sobse- 
quently  becomes  fistular. 

Literatnre :  Bowman,  Parmsit  conn,  of  Laikrtua,  etc,  Transtct  Liim.  Soe.  of  Lcwdoa,  ifoL  svi, 
iSa9.~I>nchaitre,  Cismdgstim,  M^m.  pret.  par  div.  lavasU  i  rAcad.  dci  tc.,  L  1,  Piuit,  lt47.~ 
(  hatin,  Anat  comp.  det  v^g^t.,  pi.  parasit,  1856  et  leq.,  p.  140  et  leq.  and  pL  xils-iHrfik-<--Pkia«  \m 
Hot  Zcit.  1861,  p.  6401  leq.— .Solmt-Ijiubach,  T)e  Lathraeae  gen.  podtioBe  tytt,  Di».,  Bntti^  1865 


*  Herbtt't  tutemenu  (loc.  dt)  are  not  qnite  ia  agreeBMOt  with  iSbkL 
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and  Phngtheim  Jahrb.,  6<L  ri,  1867-S,  pp.  560-74. — Wet«,  Pflanncnhaare,  1867,  ^^  Kiinten,  Bot 
Untenuch.~Kaiiter,  Tricbomcebu,  Uenkschr.  Wiener  Akad.  1871,  tep.  copy,  p.  6  and  Tab.  L — 
Stenxel,  Blatter  d.  Scbappenwwz,  BoL  Zett.  1871,  p.  241  et  acq.  and  Tab.  iiu—Maitmet,  Org.  de 
secret.,  Ann.  tc.  nat,  wh.  5,  L  ziv,  187a,  p.  148  et  aeq.  and  pL  lo-ii. — Caud,  Lenvet  ^  iMmrmta^ 
Proceed.  boUnic  Soc,  toI.  zU,  nut  a,  Edinborgh,  1875.— MoUer,  Holzanat,  Denkachr.  Wiener 
Akad.  1876,  p.  59  and  355.~Reinke,  Sekretionaofg.,  Prinpheim  Jnbrb.,  Bd.  z,  1876,  p.  156^— Cohn, 
in  54.  Jahrcsber.  schks.  Geadlacb.  Tateri.  Kaltnr,  1877,  pp.  1 13-14. — F.  Miiller,  ElaHtu^  Floes 
1877,  p.  480  et  leq.— De  Bary,  VergL  Anat,  i877.~Kjriisae,  Anat.  d.  Veg.-Oig.  ▼.  Lmtkrmam 
squamaria,  Dua^  Biealan,  1879,  3^  PP* — Gilbert,  Scale  leaves  of  LmikroM^  Joom.  Royml  Microaoop. 
Soc.,  Tol.  iii,  Oct.  1880,  p.  757.— Rathay,  in  Sitz..Ber.  Wiener  Akad.,  Bd.  buud,  AU.  i,  iS8o^  p.  55 
et  ieq.  and  Tab.— MoUer,  Rindenannt.,  i88a,  pp.  183-3.— Volkeof,  Slandort,  etc.,  Jahrb.  Berliner 
Gart.,  Bd.  iii,  1884,  pp.  19-10. — V'esqne, Gmmop^talea,  Ann.  tc  nat,  t^-.  7,  t.  i,  i88c,  pp.  303-ia — 
Mentovicb,  Mark,  Kiaotenborg,  1885,  Hongarian;  lee  Jut  1885,  i,  p.  787.— Solereder,  Holzitr., 
1H85,  pp.  194-5.— Hocb,  Behaar.  nnaerer  liiSaten,  S.etc,  Diaa^  Freibnrg  L  Br.,  1886,  pp.  37-53.— 
Bom,  Anau  d.  Stengels  d.  Labiaten  n.  S.,  Diss.,  Berlin,  1886,  pp.  36-46. — Maaaee,  Sabterranean 
learet  of  /^AnsM,  Joom.  of  bot.,  toI.  xxiv,  1886,  p.  357.— iCeroer  n.  Wettstein,  Rbizopoide 
Verdaonngsorg.  etc.Sitx.-Ber.  Wiener  Akad.,  Bd.  zdii,  Abt  1,  1886, pp.  4-14  and  Tab.— Radlkofer, 
Durchs.  P.,  Siti.-Ber.  Miincb.  Akad.  1886,  pp.  333-5.— Pfetit,  PMole,  M^.  Soc  sc  phys.  et  naL 
de  Bordeaux,  ter.  3,  L  iii,  1887,  pp.  348-51  and  pL  v-tL— Volkens,  Aegypt-arab.  Witste,  1887, 
pp.  134-5  and  Tab.  ix. — Horelacqoe,  Appareil  T^|fet.  des  Blgnooiac^es»  Rbinantbaodes  etc.,  Paris, 
G.  MassoQ,  1 888,  (>p.  375-497  and  500-53. — L.  Koch,  Entwicklnngvetch.  d.  Rhinanfhar  ,  Pringa- 
helm  Tahrb.,  Bd.  xx,  1888  and  Bd.  xxii,  1890,  p.  I  et  aeq.— ScherfCeC  Unten  too  Laikrmea,  Mitteil. 
bot.  Inst.  zQ  Grax,  ii.  Heft,  1888,  pp.  187-310  and  Ta£  ▼!,  and  Heinricber,  sopplcment,  loc  dt., 
p.  iio  to  3ii.~Hovclacqne,  Org.  Y^get.  des  Rhinanthacte  etc..  Ball.  Soc  d<kndes  adentif.  de 
Paris  1889,  11  pp.— RoM,  Teasoto  assimil.  e  periderma,  Nboto  Giom.  bot  ItaL,  roL  ud,  1889, 
p.  232.— Volkcnt,  Lack.  Bl.,  Sitx.-Ber.  dentscb.  bot.  Gesellsch.  1890,  p.  13a— Wettitein,  in  Natflrl. 
PHanzenfam.,  iv.  Tcil,  AbL  3  b,  1891,  pp.  41-3.— Zimmermann,  PflanienaeUe,  3.  H^  18919  p*  130 
ct  seq.  and  157.— Heinricber,  Latkrata  (I),  Sit2.-Ber.  Wiener  Akad.,  Bd.  ci,  Abt.  I,  1893,  p.  433 
ct  scij.  and  2  Tab. — Elfert,  I  Ampulla  atfuiui^a,  Diaa.,  Erlangen,  1894,  44  pp. — Heinrkber,  Saagocg. 
d.  ^ichoppeownrzarten,  Cobn,  Beitr.  x.  Biol.,  rii.  Bd.,  Heft  2,  1 805,  pp.  315-405  and  Tab.  v-zi. — 
Spencer  Moore,  Matto  Grouo  Exped.,  Transact.  Linn.  Soc,  fol.  \y,jatjX  3.  1895,  p.  ^10  and  pi.  39. 
—  Kocb,  Anat  Charakt.  d.  S.,  Uim.,  Erlangen,  1895,  153  pp.— Uiels,  Nenseeland,  Engkr,  Bot 
Jahrb..  Bd.  xxii,  1896,  p.  211.— Grerillios,  in  Englcr  Jahrb.,  fid.  zziii,  1896,  p.  80.— Habcrlandt, 
Hydathoden,  Pring&beim  Jahrb.,  Bd.  xxz,  1896,  pp.  51 1-38  and  Tab. — Pannoitkr,  in  Ann.  sc  nat, 
s^r.  8,  t.  ii,  1896,  p.  39  et  teo.— Vircbow,  Blattziiibne,  Arch.  d.  Pbarm.  1896,  sep.  copy,  pp.  33,  30 
and  59  et  leq.— Wettstein,  Mooogr.  d.  Gatt  Eupkrtia^  Ldpiig,  1896,  pp.  I|-I7  and  Tab.  L — 
Goebel,  BUtthuhlen  bei  TtxU  n.  Laikrmm^  Flora  1897,  pp.  444-&3. — Groom,  Leaves  of /iU4r«M 
etc.,  .\nn.  of  Bot ,  toI.  xi,  11^97,  pp.  385-98.— [Jael,  Tela  hbroTaa.  \crooicae  L,  Acta  Hocti  Bergiani, 


OROBANCHACEAE^ 

Both  the  anatomical  structure  and  the  exomoq>hic  features  testify  to 
a  close  relationship  with  the  Scrophularineae  and  Gesneraceae.  The  Oro- 
banchaceae,  hke  these  two  allied  Orders,  have  glandular  hairs  in  which  the 
head  is  di\ided  by  vertical  walls  only,  and  stomata  which  are  not  accom- 
panied  by  any  special  subsidiary  cells.  Owing  to  the  parasitic  habit  stCMnata 
only  api)ear'in  reduced  numbers.  Chlorophyll  is  not  developed  in  the 
Orobanchaceae,  or  is  only  present  in  small  amount*;  oxalate  of  lime  is 
wanting. 

The  anatomy  has  been  investigated  chiefly  by  Chatin  in  the  genera  Orth 
banchf,  Phclipaia  (incl.  Anoplanihus),  Epiphegus^  Canopholis^  Bosckniakia  and 
Aegindia,  and  by  Worsdell  in  Ckristisonia. 

Tlie  following  facts  may  be  pointed  out  regarding  the  structure  of  the 
stem.  In  most  cases  there  is  a  single  ring  of  vascular  bundles,  sometimes 
possessing  secondary  growth  in  thickness.  On  the  other  hand  mnomaloua 
structure  is  found  in  the  following;  cases :  (i)  well-developed  stems  of  the  naore 
robust  species  of  Orobanche  (O.  datior,  Sutt.,  O.  rubens,  Wallr.,  O.  caryopkyl' 

'  The  gcnos  latkroio^  which  is  ennmerated  amooffst  the  Orobanchaceae  in  Dnraod's  Index,  has 
been  described  under  the  Scrophnlarineae,  to  which  it  doobtless  belongs. 
'  Cf.  Wiesner,  in  Pringshetm  Jahrb.,  Bd.  Ttii,  187s,  p.  58a  et  seq. 
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lacea,  Sm.  and  0.  Rapum  Genistae^  Thuill.),  and  the  huge  stems  of  CisUmche 
luUa,  Link  et  HoSnigg.,  these  containing  medullary  vascular  bundles,  which 
enter  the  vascular  ring  at  a  higher  level  (Solms-Laubach) ;  (2)  the  axis  of 
Chrisiisonia  milgherrica,  Gardn.,  with  collateral  and  concentric  vascular 
bundles  (the  latter  having  central  phloem)  arranged  in  an  irregular  ring,  and 
the  axis  of  C.  subacaulis^  Gardn.,  with  scattered  bundles,  for  the  most  part 
concentric  (with  central  xylem)  in  structure  (Worsdell) ;  (3)  finallv,  the  axis  of 
Conopholis  and  Epiphegus  with  three  regular  rings  of  bundles,  Uie  individual 
bundles  of  which  do  not  unite  to  form  a  vascular  ring,  even  in  the  uppermost 
portions  of  the  stem.  It  may  be  added  that  in  Epiphegus  the  correspmiding 
bundles  of  the  three  rings  abut  on  one  another  in  a  radial  direction,  whilst 
in  Conopholis  they  are  separated  by  layers  of  parenchyma.  The  differences 
shown  by  the  stem-structure  of  those  species  which  have  a  single  ring  of  vascular 
bundles  is  summarized  as  concisely  as  is  possible  by  quoting  the  foUowinf 
series  of  examples  from  Chatin's  work :  Aegineiia  indica,  Roxb.  has  isolatM 
vasoular  bundles  without  hard  bast  or  wood-fibres ;  Epiphegus  virginianus^ 
Bart,  has  isolated  vascular  bundles  provided  with  hard  bast,  but  without 
wood-fibres ;  Phelipaea  indica,  Don  and  P.  arenaria^  Walp.  possess  isolated 
bundles,  which  are  embedded  in  a  closed  ring  of  mechanical  tissue  composed 
of  fibrous  cells  ;  Phelipaea  ramosa,  C.  A.  Mey.  has  its  vascular  bundles  united 
to  form  a  ring,  without  wood-fibres,  but  with  a  ring  of  hard  bast ;  AfUh 
platUhus  Biebersieinii,  Rent,  and  numerous  species  of  Orobanche  have  a  dosed 
ring  of  bundles,  including  wood-fibres,  but  without  hard  bast.  True  medullary 
rays  are  not  present  in  the  xylem-portions  of  the  vascular  bundles,  and  the 
vessels,  as  far  as  is  known,  have  simple  perforations  only.  Tbe  ground  tiasoe 
of  the  stem  consists  of  relatively  large  cells  and  is  mostly  divided  into  pith 
and  cortex  by  the  fibrovascular  system.  The  cortex  is  lacunar  in  Basckmim* 
kia  glabra,  C.  A.  Mey. 

The  leaves  of  the  Orobanchaceae  investigated  by  Chatin  possess  a  rather 
dense  and  homogeneous  mesophyll  composed  of  spherical  cells.  The  leaf- 
structure  in  Epiphegus  virginianus  is  specially  noteworthy  owing  to  the  oocor- 
rence  of  numerous  pitted  cells  in  the  mesophyll ;  while  in  Conopholis  tamtncmntL, 
Wallr.,  the  cells  of  the  upper  and  lower  epidermis  and  those  of  the  lower  half 
of  the  mesophyll  are  strongly  thickened  and  pitted. 

Stomata  are  developed  on  the  stem  and  leaf  in  most  members  of  the 
Order  (Orobanche,  Phelipaea  pro  parte,  Anopianihus^  Epiphegus^  BosckmuJda 
and  Aegineiia,  according  to  Chatin,  and  CfmsHsonia  pro  parte  according  to 
Worsdell) ;  on  the  other  hand  they  are  wanting  in  Phelipaea  ramosa  and  Cono* 
pholis  americana,  according  to  (5hatin,  and  in  Christisonia  bicohr^  Gardn. 
and  C.  subacaulis,  according  to  Worsdell.  Worsdell  met  with  curious  anoauJoos 
stomata  on  the  stem  of  C.  neilgherrica. 

The  trichomes  consist  of  clothing  and  glandular  hairs.  The  dotting 
hairs  are  cither  auite  short  and  papillose  (leaf  of  Conopholis  amerioinm)^  or 
longer  and  unicellular  (stem  of  Phelipaea  ramosa),  or  short  and  composed  ol 
one  or  two  cells  (leaf  of  Boschniakia  glabra).  Glandular  hairs  are  mentKmed  by 
Chatin  as  occurring  in  almost  all  the  genera  investigated  by  him  (exceptions  : 
Conopholis  and  Aegineiia),  In  these  hairs  the  stalk  varies  in  length  and  is 
sometimes  very  short ;  it  is  formed  by  a  single  cell,  or  a  row  of  two  or  more 
(never  many)  cells,  the  uppermost  of  which  sometimes  constitutes  a  short 
neck-cell ;  the  head  is  unicellular,  or,  owing  to  the  presence  of  vertical  waDs, 
bi-  or  multi -cellular.  The  species  of  Orobanche,  Phdipaea^  Anofimdkm^ 
Epiphegus,  and  Boschniakia,  examined  by  Chatin,  have  glands  with  a  stalk 
of  varying  length  and  a  head  composed  of  two  or  more  cells ;  the  leaves  of 
Epiphegus  virginianus  bear  glands  with  a  very  short  unicellular  stalk  and 
a  unicellular,  bottle-shaped  head,  whilst  the  stem  has  extonal  glands  with 
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longer  stalks ;    Christisonia  has  peltate  glands  with  a  stalk  composed  of  1-3 
cells  and  a  head  of  about  eight  c^. 

literature :  Chatin,  Anat  comp.  d.  ^^gl^f  PI*  pims.,  1856  et  leq.,  pi.  vii  to  xzr  aad  pp.  41-1^. 
— Solmi-Laobach,  in  Prinffsbeim  Jahrb.,  &).  vi,  1867  and  1868,  d.  55a  et  leq.^L.  Koch,  Entwick- 
lungvgesch.  d.  O.,  Heidelberg,  1887,  389  pp.  and  la  Tab.-»HoVelacqae,  Appareil  T^g^  dct 
Hignoniacecs  etc,  1888,  pp.  553  to  634.<»HovelacaQe,  Car.  anat  g^n^r.  oet  org.  vMt.  des  O.  etc. 
Ball.  Soc  dVtudet  scknt.  de  Paris  1889,  11  pp.— Beck,  in  Natiirl.  Pflanienfam.,  iv.  Teil,  Abt  3b, 
1893,  pp.  125-6.— Wofsdell,  Ckrisiismia,  Ann.  of  Bot.,  vol.  Ix,  1895,  PP»  97->3^  '^  pl-  ▼-▼!• 

LENTIBULARIEAE. 

It  is  well  known  that  the  five  genera  constituting  this  Order,  viz.  Utri- 
cularia,  Polypompkolyx^  Genlisea,  Pinguicula^  and  Biovularia^  belong;  to  the 
insect-catching  plants.  The  variety  of  differentiation  shown  by  the  vege- 
tative organs  in  the  individual  genera  renders  it  necessary  to  consider  the 
anatomy  separately  in  each  genus.  But  in  the  first  place  it  may  be  noted 
that,  as  Goebel  points  out,  the  glandular  hairs  of  all  the  Lentibularieae  exhibit 
a  uniform  type  of  structure  ;  they  are  invariably  composed  of  three  parts,  viz. 
a  basal  cell,  one  or  more  stalk-cells,  and  a  head  of  varied  structure  ;  the  head  is 
either  unicellular  or  multicellular,  and,  in  the  latter  case,  is  divided  by  vertical 
walls  only.  Other  features  of  general  interest  are  as  follows  :  the  Caryophylleous 
type  is  found  in  the  stomatal  apparatus  of  Pinguicula  (but  not  in  Utncularia) ; 
the  vascular  bundles  of  the  stem  in  Utricidaria  and  Genlisea  possess  the 
peculiarity  that  they  exhibit  a  remarkable  dissociation  and  mutual  indepen* 
(ience  of  the  xylem  and  phloem.  Oxalate  of  hme  has  rarely  been  observed ' 
(leaf  of  Utricularia  motUana) ;  when  present  it  occurs  in  the  form  of  small, 
spindle-shaped  crystals. 

I.  PinguicuJa, 

The  species  of  Pinguicula,  as  is  well  known,  are  plants  possessing  numerous 
true  r(X)ts  and  a  considerable  number  of  simple  leaves,  united  into  a  radical  rosette  ; 
the  leaves  arc  covered  with  sticky  glandular  hairs,  and  have  the  power  of  infolding 
their  margins  when  stimulated. 

The  structure  of  the  axis,  which  has  been  examined  in  P.  alfnna  and  P.  vulgaris 
bv  J.  Klein  and  Hovelacque,  shows  no  special  features  ;  there  is  an  ordinary  ring 
oi  bundles  ;  an  endodermis  is  scarcely  recognizable.  Contrary  to  Hovelacque's 
statements,  Dangeard  describes  polystely  in  the  subterramean  axis  of  P.  vulgaris 
(this  is  incorrect  according  to  Hovelacque),  and  in  a  few  other  species  (P.  luUa^ 
I\  lusiianica  and  P,  longifma).  The  vascular  system  in  these  species,  as  in  Primula 
A  uricula,  is  said  to  consist  of  several  annular  strands  in  the  transverse  section  ; 
each  of  these  has  a  central  pith  surrounded  br  a  ring  of  xylem-  and  phloem-groups  ; 
external  to  these  lies  a  *  r^seau  radicif^re/  dinerentiated  in  an  annular  manner ;  toen 
a  pericycle  of  one  or  two  layers  foUows,  the  whole  being  surrounded  by  an  endodemus. 

The  following  facts  may  be  mentioned  regarding  the  leaf-stmctiire  of  P. 
vulgaris  and  P.  alpina.  The  mesophyll  consists  of  more  or  less  isodiametric  cells. 
The  enidermal  cells  of  the  leaf  contain  no  chlorophvlL  In  P.  alpina  one  or  more 
crystalloids  have  been  shown  to  occur  in  the  nuclei  of  the  epidermal  cells.  Stomata 
are  stated  to  occur  only  on  the  lower  surface  of  the  leaf  in  P.  vulgaris,  on  both  sides 
in  P.  alpina.  In  both  these  species  the  pair  of  guard-cells  is  as  a  rule  accomptanic^ 
by  two  or  more  subsidiary  cells,  placea  transversely  to  the  pore,  but  exceptions 
to  this  type  occur.  In  P.  (ilPina  the  stomata  are  sometimes  to  be  found  in  pairs. 
With  regard  to  the  glands  (Fig.  136),  the  structure  of  those  of  P.  alpina  may  first 
bo  described  by  quoting  from  j;  Klein's  statements.  The  gUuids  are  of  two  kinds, 
some  being  stalked  and  occurring  on  the  upper  side  of  the  leaf,  while  others  are 
sessile,  and  are  found  on  both  surfaces.  The  stalked  glandular  hairs  consist  of 
a  t>asal  cell,  which  is  an  epidermal  cell  arched  outwards,  and  a  stalk-portion  formed 
by  1  -4  cells.     At  the  apex  of  the  stalk  there  is  a  small  cell,  which  extends  upwards 

'  Accordinf;  to  J.  Klein  and  Zinmermann  nuclear  cryttaUoidt  occar  ia  the  gcoera  Pittgmkmla 
and  Ctriculana, 
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into  the  body  of  the  gland,  like  the  columella  in  a  sporangium  of  Mucor ;  it  may 
therefore  be  called  a  columella.  The  body  of  the  eland  is  seated  upon  it  like 
a  cap,  which  appears  disc-shaped  in  surface-view,  and  consists  of  a  layer  of  cells 
arranged  in  a  radiate  manner,  out  the  vertical  waUs  do  not  all  extend  to  the  centre 
of  the  disc.  The  elandular  head  first  becomes  divided  into  quadrants  by  means 
of  two  vertical  walls  bisecting  one  another  at  right  angles ;  the  quadrants  then 
undergo  further  division  by  secondary  vertical  walls  placed  obliquely  to  those  first 
formed.  In  P.  alpina  the  basal  ana  stalk-cells  contain  nuclei  witn  crystalloids ; 
these  bodies  are  also  present  in  the  nuclei  of  the  cells  forming  the  glandular  disc,  when 
these  cells  are  at  relatively  early  stages  of  development.  The  glands  borne  by  the 
middle  portion  of  the  leaf  have  long  stalks,  but  towards  the  margin  of  the  leaf  the 
stalk  is  uniceUular.  The  sessile  glands  have  essentially  the  same  structure  as  those 
with  stalks,  except  for  the  absence  of  the  stalk.  They  are  more  or  less  depressed, 
and  consist  of  a  basal  ceU,  a  stalk-cell  (« columella),  and  the 
gland,  only  a  portion  of  which  generally  projects  above  the 
epidermis.  The  body  of  the  gland  consists  of  2-10  cells,  or 
even  more.  It  may  be  noted  that  the  slands  composed  of  few 
(2-4)  cells  lie  at  the  margin  of  the  leaf,  whilst  those  with 
more  numerous  cells  are  to  be  found  near  the  midrib.  In  the 
case  also  of  glands  composed  of  numerous  cells,  four  aoadrant 
cells  are  formed  in  the  first  place  by  two  vertical  waUs  inter- 
secting one  another  at  right  angles.  In  P.  vulgaris  simple 
unisenate  hairs  with  thin  walls  occur  intermingled  with  glands 
having  a  structure  similar  to  that  above  described.  According 
to  Haberlandt  the  shortly  stalked  glands  on  the  upper  sMk 
of  the  leaf  of  P.  vulgaris  have  a  digestive  function,  and  the 
same  probably  apphes  to  the  long-stalked  glands  on  the  same 
surface  ;  the  latter  excrete  the  mucilaee  necessary  for  the  re- 
tention of  the  insect.  The  shortly  stalked  glands  on  the  lower 
side  of  the  leaf  excrete  and  also  aosorb  water. 

2.  Geniisea. 

Genlisea,  the  second  genus  of  the  Lentibularieae,  compnsei 
plants  which  are  destitute  of  roots,  and  possess  radical  rosettes 
of  numerous  simple  leaves,  and,  in  addition,  have  other  la^-ei 
inserted  on  the  rhizome  and  transformed  into  tabular  ascidu 
Fg.  136.  Bvtenwi  of  compUcated  structure.  The  largest  species,  G.  atmmim^  Mart, 
5^L^ ^''^Vtd^St  **  ^^*  *°  which  the  anatomy  is  best  known  tluoiigfa  the  ^^ 
KbuSl)  b'Jq>arat^  ^from  searches  of  Warming,  Darwin  and  Goebel ;  Darwin  also  maka 
dwiuik,  and  is  wen  from  a  few  Statements  on  the  anatomy  of  G.  afrianuu  G.  mmns  and 
JwSte^yKWn'**'*"^*"   G.filifarmis. 

The  fibrovascular  system  of  the  stam  of  G.  onMla  is  rwr 


peculiar,  recalling  that  of  certain  Utricularias,  especially  UtrictUaria  m&mimmm^  Jaoj. 
Actual  vascular  bundles,  composed  of  phloem  and  xylem,  are  not  present.  The 
phloem-strands  constitute  a  network,  owing  to  anastomosis,  and  form  an  iff4f|pfp4f' 
system  separated  by  parenchyma  from  the  annular  xylem,  which  rnclOKS  a  pith. 
To  provide  the  vascular  supply  of  the  leaf,  a  phloem-  and  xylem-strand  pasaovt  mm 
this  fibrovascular  system  ;  the  two  unite  and  form  the  leat-trace.  It  may  be  added 
that  the  peduncle  possesses  a  similar  structure,  though  it  contains  a  mecbaaicil 
cyhndcr  of  strongly  lignificd  cells,  sometimes  enclosing  strands  of  phloem^  wink  the 
xylem-  and  phloem-systems  arc  less  sharply  separated  than  in  the  stem. 

According  to  Goebel,  the  ordinary  foliage  leaves  of  G.  omaia  are  covered  witfc 
a  layer  of  mucilage,  which  is  excreted  by  numerous  glandular  hairs.     These  ~ 
consist  of  a  basal  ccU  sunk  in  the  epidermis  of  the  leaf,  a  short  stalk-celL 
spherical  terminal  cell,  which  produces  the  secretion.     Stomata  are  cntireit  al 

Finally,  the  anatomy  of  the  ascidiform  leaves,  which  has  been  imiiljul  bf 
Goebel,  remains  to  be  discussed.  First,  however,  the  shape  and  the  component  psffti 
of  these  leaves  may  be  briefly  referred  to.  The  ascidium  (Fig.  137  A)  oonwli  d 
threeparts:  ( i )  a  basal  portion ;  (2)theactual  tube,  which  is  compoeedoial 
like  enlargement  (bladder)  adjoining  the  basal  portion,  and  a  mig  ned 
(neck) ;  (3)  the  two  spirally  twisted  arms,  which  are  situated  at  tlie  c 
tube.  The  tube  has  a  sht-hkc  opening  between  the  two  arms,  or,  to  ■  ^|ff  ■  ic 
more  correctly,  a  row  of  small  separate  aperture.     The  two 
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citlier  tide  of  this  slit  in  the  form  of  protaberanoest  which  continae  their  growth 
by  nMttiM  of  tpedal  apical  meristems ;  in  this  way  both  the  cavity  of  the  tube 
and  also  the  sht  become  elongated  in  the  direction  of  the  arms.  The  two  apices* 
in  their  further  growth,  revolve  round  their  own  axes,  so  that  the  arms  appear 
snirally  twisted,  and  provided  with  a  similarly  twisted  sht ;  this,  as  in  the  case 
of  the  sht  between  the  arms,  consists  of  a  large  number  of  separate  apertures.  In 
the  anatomy  of  the  tubular  leaf  the  following  points  are  noteworthy.  The  basal 
portioo  is  traversed  by  a  rather  weakly  developed  vascular  bundle.  At  the  base 
of  the  enlarged  cauldron-like  portion  (the  bladder)  this  bundle  divides  into  two 


ij|L    CmUtmrnwrnkt^  Hit,    a,  GeaeralappearaaoeofatabBUr  leaf;  ■,  Loofkadinal  tecUoa 
firoM  llw  Mckponioa ;  c,  LoofitvdiMJ  MCtioQ  tlviMigli  oae •nB.'i-Altcr GocbeL 


branches,  of  which  one  extends  upwards  on  the  dorsal,  the  other  on  the  ventral 
side  of  the  tube  ;  at  the  upper  end  of  the  tube  each  of  these  branches  divides  again 
into  two.  so  that  a  pair  of  vascular  bundles  is  ^ven  off  to  each  arm.  The  structure 
of  the  internal  portion  of  the  tube  in  the  region  of  the  neck  (Fig.  137  B)  is  very 
interesting; ;  it  resembles  an  eel-trap.  A  ku-ge  number  of  long,  simple,  pointed 
hairs  protect  into  the  interior,  the  ends  of  th^  hairs  being  directed  towards  the 
base  of  tne  tube.  These  hairs  have  a  zoned  arrangement,  since  they  spring  from 
cells  of  the  inner  epidermis  forming  annular  zones,  each  of  which  is  only  one  cell 
in  breadth ;  these  epidermal  cells  are  slightly  arched  outwards  Uke  papillae,  and 
have  an  dongated,  tour-sided  outhne ;  the  hairs  themselves  consist  ot  two  cells, 
a  transverse  wall  being  formed  near  the  tip.  Taken  together  these  hairs  form 
funnels,  the  narrow  openings  being  directed  towards  the  l^sal  portion  of  the  tube. 
Large  numbers  of  these  funnels  are  found  in  the  region  of  the  neck ;  they  appear 
to  tie  inserted  one  within  the  other,  since  the  annular  zones  of  four-sided  epidermal 
cells,  which  form  the  margin  of  the  wide  upper  opening  of  the  funnel,  are  only 
separated  from  one  another  l>y  a  few  rows  of  cells.  The  bands  of  cells  separating 
the  annnlsr  tones  of  four-sided  elements  from  one  another  consist  of  smaller  epidermal 
ceOs  ;  these  have  an  undulated  outUne.  and  between  them  numerous  short  glandular 
hairs  excreting  mucilage  arise ;   these  hairs  consist  of  a  basal  cell,  a  short  stalk* 
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cell,  and  a  bicellular  head  with  a  vertical  division-wall ;  stoniata  alto  occur  in  this 
zone.  In  the  lower  portion  of  the  neck  the  funnels  are  wanting ;  here,  however. 
as  in  the  bladder,  glands  occur,  bearing  a  biiellular  head,  but  lower  down, 
they  are  replaced  by  glands  with  a  head  of  4-8  cells.  These  are  devrioped  in  Urge 
numbers  in  the  lower  portion  of  the  tube,  especially  along  two  longitudinal  lines, 
corresponding  to  the  position  of  the  vascular  bundles.  The  arms  (Fig.  137  C)  show 
the  same  kind  of  eel-trap  hairs  as  the  tube ;  they  are  not,  however,  arranged  in 
annular,  but  in  transverse  zones,  and  together  they  form  a  spiral  line.  Renrding 
the  origin  of  the  separate  apertures  on  the  arms  and  between  them,  see  Goebei, 
loc.  cit. 

In  addition  to  G.  atnaia,  the  two  species  G.  africana  and  G.  attrM  have  been 
examined,  and  were  found  to  show  the  same  features.  On  the  other  hand,  accord- 
ine  to  Darwin,  G.  fiiiformis  differs  in  the  absence  of  asddiform  leaves  of  the  type 
otherwise  characteristic  of  the  genus,  but  bladders  occur,  like  those  of  Utricuimrtm^ 
and  the  internal  epidermis  bears  glandular  hairs  with  four  arms,  as  in  UtricuUrtm^ 
the  arms  being  of  equal  length. 

3.   Utricularia, 

This  genus,  as  is  well  known,  resembles  Genliua  in  having  no  roots.  Some  of 
the  species  of  UtriciUaria  are  land-plants  and  some  are  water-plants ;  their  ex- 
ternal conformation  shows  a  type  of  differentiation  which  is  often  rather  extreme 
and  also  very  remarkable ;  details  are  to  be  found  especially  in  Goebel's  works. 
From  his  investigations  Goebel  comes  to  the  conclusion  tnat  the  distinctioo  between 
axis  and  leaf  must  be  abandoned  in  the  Utricularias ;  for  one  meets  with  leaves, 
which  are  capable  of  growing  out  into  organs  possessing  almost  all  the  characters 
of  a  shoot,  while  on  the  other  hand  long  cylindrical  stolons,  bearing  bladders,  some- 
times (e.g.  in  U.  rosea)  become  flattens  at  the  tip,  and  converted  into  a  leaf. 

In  the  foUowing  paragraphs  we  will  deal  witn  the  anatomical  structure  of  the 
axis,  of  the  leaves  and  of  the  peculiar  bladders,  which  are  modified  as  traps  for 
animals. 

According  to  H.  Schenck,  a  transverse  section  of  the  axis  of  the  inflorescence 
of  UtriciUaria  tnontana,  J  acq.  (Fif.  13^  A)  shows  a  peculiar  type  of  structure,  which 
is  also  found  in  U,  Schimpiri,  H.  Schenck,  and  other  species  (see  Mers,  loc.  cit.), 
although  it  is  not  always  equally  well  marked ;  it  recalls  the  features  described 
above  in  Genlisea  amata.  The  wood-  and  bast-portions  of  the  vascular  bundles 
appear  separate  and  independent  of  one  another.  The  transverK  aectacm  shows 
a  pith,  with  scattered  strands  of  soft  bast  and  surrounded  by  an  annular  sooe 
containing  the  xylem-groups ;  outside  this  zone  we  find  a  nng  of  mechanical 
tissue,  which  is  composed  of  fibrous  cells  with  walls  of  varied  thickness,  and  con- 
tains scattered  bundles  of  soft  bast ;  this  is  followed  externally  by  the  endodermis 
and  the  cortical  tissue.  The  thicker  portions  of  the  rhizome  have  a  stmctare  nmilar 
to  that  of  the  axis  of  the  inflorescence.  According  to  H«  Schenck,  the  structure 
of  the  axis  in  U.  vulgaris  and  U.  minor  (Fig.  138  B)  is  somewhat  diflierent*  ahbongh 
it  may  be  referred  to  the  type  found  in  U.  numtatuL  In  the  central  strand  the 
endodermis  is  adjoined  by  an  annular  zone  of  phloem-groups,  which  are  separated 
from  one  another  by  parenchymatous  cells  having  wider  lumina  and  p^— ^  Ofver 
internally  into  a  '  pith '  composed  of  somewhat  coUenchymatous  odto  (doido- 
loffous  ^^-ith  the  mechanical  tissue  of  U.  maniana);  in  correspoodence  with  the 
submerged  mode  of  life  only  a  few  vesseb  are  developed,  ana  they  are  situated 
towards  the  lower  side  of  the  small  floating  stem,  so  that  dorsiventral  structure 
is  attained.  An  endodermis  can  be  demonstrated  in  almost  all  the  species  of 
Utricularia  (Kamienski).  Mechanical  tissue,  as  shown  by  the  examples  anoced 
above,  is  not  always  present,  but  it  is  particulaiiy  stronsly  developed  in  Ul  m^oi- 
iioides,  St.  HiL  Large  air-spaces,  often  exhibiting  a  regmar  airangement,  may  be 
observed  in  the  well-developed  cortex  and  sometimes  alM>  in  the  pith  of  the  aquatK 
Utricularias. 

The  anatomy  of  the  very  variously  shaped  folian4aaTaa  of  the  Utricularias 
has  hitherto  been  little  examined.  According  to  Schimper  the  sobtcrranean 
cylindrical  portions  of  the  leaves  of  U.  comuta  consist  of  lacunar,  dongat 
chyma,  which  surrounds  an  axile  vascular  bundle,  and  is  clothed  by  an  , 
of  elongated  cells  ;  the  epidermis  contains  numerous  small  capitate  glands,'  _ 
ing  a  cyhndrical  basal  cell,  a  cell  forming  the  stalk,  and  anotncr  faraang  tlie  bead. 
The  green  portions  of  the  leaves  consist  of  short  cells ;  here  tfaa  g^aMolar  hatis 
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are  leat  numerous,  and  stomata  are  present  near  the  margin  of  the  leal.  According 
to  Hovelacque,  the  aerial  leaves  of  U,  moniana^  when  seen  in  transverse  section, 
exhibit  a  mesophvU  showing  httle 
difierentiati<m«  although  provided 
with  larger  intercellular  spaces  on 
the  lower  side  of  the  leaf.  In 
this  species  the  cells  of  the  upper 
epidermis  contain  small  spindle- 
snaped  crystals  of  oxalate  oi  lime ; 
on  the  lower  surface  stomata  are 
present,  which  are  not  accom- 
panied by  any  special  subsidiary 
cells.  The  hairy  covering  on  the 
leaf  of  U,  montana  is  likewise  com- 
posed of  short  capitate  hairs  with 
a  unicellular  head.  Finally,  to  give 
a  third  example,  the  aquatic  leaves 
of  U.  vulgmns  show,  in  transverse 
section,  a  homogeneous  mesophyll 
enclosed  by  the  epidermis ;  the  meso- 
phyll is  composed  of  isodiametric 
cells,  and  contains  intercellular 
spaces,  and  an  axile  fibrovascular 
strand  exhibiting  the  same  structure 
as  that  in  the  stem.  The  epidermis 
of  the  leaf,  Uke  that  of  the  stem, 
bears  capitate  hairs  with  a  cyhndh- 
cal  basal  cell  inserted  between  the 
epidermal  cells,  a  short  stalk -cell 
and  a  head,  divided  into  two  cells 
by  a  vertical  walL 

The  blmddera  or  ascidia  of  Vtri- 
culmria,  as  is  well  known,  arc  more 
or  less  distinctly  stalked,  spherical 
or  ovoid,  bladaer-hke  structures, 
which  are  somewhat  compressed 
laterally,  hollow,  and  pro\'ided  with 
a  lateral  aperture  (Fig.  1 39  /f ).  The 
part  of  tne  bladder  hmiting  the 
aperture  on  the  upper  side,  is  best 
described  as  the  upper  lip,  and  the 
portion  bounding  it  below  as  the 
lower  hp.  The  upper  hp  becomes 
broader  towards  the  interior  of  the 
bladder  and  forms  an  elastic  lid 
or  trap-door,  hke  a  curtain,  which, 
although  permitting  the  entry  of 
small  animals  into  the  bladder,  pre- 
vents their  exit.  It  may  also  be 
noted  that  the  upper  hp  of  the 
bladder  is  very  commonly  produced 
into  trichomes  or  emergences  ;  the 
latter  bear  hairs  of  different  kinds, 
vary  in  shape,  and  are  termed 
antennae,  owing  to  their  resem- 
blance to  the  extremities  of  certain 
Crustacea  (Daphnideac).  The  ana- 
tomical structure  of  the  bladders  has 
been  examined  especially  in  U.  vulgaris  (by  Cohn,  Hovclacque  and  others),  in  U,  ne- 
gUcU  (by  Darwin),  in  U.  ccmuia  (by  Schimper)  and  in  U.  fUxuosa  (by  Goebel).  The 
wall  of  the  mature  bladder  (Fig.  139  A),  excluding  the  lower  Up,  consists  of  two 
layers  of  ceQs  ;  a  third  middle  layer,  originally  present,  has  disappeared  in  the  foUy- 
developed  bladder.     In  a  longitudinal  section  through  the  bladder,  the  km«r  hp 
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is  seen  to  consist  of  a  massive  tissue  of  several  layers  of  cells.  The  lid  shows  the 
structure  as  the  wall  of  the  bladder,  i.e.  it  is  composed  of  two  layers  of  cells :  i^ 
be  noted  that  the  cells  of  the  outer  layer  of  the  lid  are  concentrically  arranged  a 
an  organic  centre  (U.  vulgaris  and  t7.  flexuosa).  The  bladder  is  traversed  b; 
vascular  bundles,  the  course  of  the  one  being  median  on  the  dorsal  side,  that  < 
other  median  on  the  ventral  side  of  the  bladder.  In  the  different  species 
vascular  bundles  extend  to  a  varying  distance  towards  the  aperture.  In  L\  fle: 
for  example,  the  dorsal  bundle  disappears  a  short  distance  before  reaching  the 
of  the  bladder,  whilst  the  ventral  branch  extends  as  far  as  the  point  at  whic 


Pig.  I3(>.  a,  LofiKitadinal  section  thixMiffh  a  bUuldcr  of  lUricmUirit  4ejFmom  i  ■•  The  lid  oith^  hit 
U.  ntgUeia ;  c  E,  Four-arined  glands  on  tfie  inner  wall  of  the  bladder ;  C,  V.  MSfiCrcte ;  D,  6'.  ht 
U.  montana.—K  after  Goebel,  b-e  after  Darwin. 

lower  wall  of  the  bladder  becomes  thickened  to  form  the  lower  lip.  The 
wall  of  the  bladder  (omitting  for  the  present  the  upper  and  lower  lips,  whic 
be  considered  separately)  is  provided  with  short  external  glands,  consistin( 
basal  cell,  a  stalk-cell,  and  a  head ;  the  latter  may  be  unicellular  and  spl 
(U,cornuta)  or  bicellular  and  bilobed,  like  an  anther  of  the  Euphorbiaccj 
vulgaris).  The  variously  shaped  antennae  commonly  bear  ordinary  unii 
hairs,  sometimes  also  mucilage-hairs,  e.g.  in  U.  coeruiea  and  U.  elachista^  acc< 
to  Goebel ;  in  the  former  species  these  mucilage-hairs  consist  of  a  basal  cell,  a 
stalk-cell,  and  a  long  sac-like  terminal  cell,  whilst  in  U,  elaekista  the  sta 
and  the  terminal  cell  arc  equally  elongated.  The  lid '  and  the  lower  Up  t 
peculiar  type  of  hairy  covering,  which  is  certainly  connected  with  the  fnnct 
the  bladders.  In  U.  neglccta^  for  example  (Fig.  ijp  B),  the  species  inxxst 
by  Daruin,  two  pairs  of  bristles  arc  found  on  the  middle  of  the  lid,  though  i 

*  The  lid  of  the  bladden  in  U,  mamiOMa,  however,  bctis  no  haiis  (Uovelaoqae). 
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nearer  to  its  free  internal  margin ;  they  are  formed  by  simple  uniseriate  hairs. 
Between  them  we  find  glands  with  a  short  stalk  and  a  rather  liu^e,  spherical,  bioel- 
lolar  head,  and  similar  glands  occur  on  either  side  of  the  bristles,  all  the  glands 
together  forming  an  arc,  parallel  to  the  free  margin  of  the  lid.  The  front  margin 
of  the  lid  is  covered  by  numerous  glands  composed  of  three  cells,  viz.  a  rather 
long  stalk-cell,  a  shorter  neck-cell,  and  an  eUipsoidal  terminal  cell ;  on  the  middle 
portion  of  the  surface  of  the  hd  there  are  shortly  stalked  glands,  the  bicellolar 
terminal  portion  of  which  is  two-armed.  Goebel  describes  the  same  types  of  glands 
exhibiting  the  same  arrangement  (except  in  the  case  of  the  two-armed  haus)  on 
the  Ud  of  the  bladder  in  U,  flexuosa,  and  the  lid  in  U.  vulgaris  shows  a  similar 
structure.  The  hairs  on  the  hd,  all  those  in  fact  in  the  neighbourhood  of  the  aper- 
ture,  are  regarded  as  baits  for  the  attraction  of  aquatic  insects.  The  glandular 
nature  of  the  lower  Up  (Fi^.  139,  A)  probably  serves  the  same  purpose.  On  the 
outer  portion  of  the  lower  hp  (in  U.  vulgaris  and  U.  flexuosa,  for  example),  stalked, 
three-celled,  glandular  hairs  are  found  of  the  same  type  as  those  on  the  outer 
margin  of  the  hd,  viz.  hairs  with  a  rather  long  stalk-cell,  a  shorter  neck-ceU  and  an 
eUipsoidal  terminal  cell.  The  epidermis  of  that  part  of  the  inner  side  of  the 
lower  hp  which  borders  on  the  aperture,  is  entirely  transformed  into  a  tessellated 
epithehum  in  the  two  species  mentioned,  and  also  m  U.  comula  ;  for  it  is  replaced 
by  a  group  of  crowded  glands,  each  comoosed  of  three  cells.  Filially,  in  U.flexuosa 
and  C.  vulgaris,  the  internal  wall  of  the  lower  Up,  facing  the  interior  of  the  bladder, 
bears  two-armed  hairs  with  upwardly  directed  arms ;  they  consist  of  a  basal  cell, 
a  short  stalk-cell  and  two  terminal  cells,  which  are  directed  upwards  Uke  arms. 
These  two-armed  hairs  do  not  appear  to  occur  on  the  lower  hp  in  all  species  of 
Utrtculana  ;  Schimper  figures  simple,  stalked,  glandular  hairs  in  place  of  them 
m  V,  comuia.  Other  glainds  of  a  pccuUar  type  (Fig.  139,  C-E)  are  found  on  the 
inner  waU  of  the  bladders  of  Utricularia.  Tnese  glands  possess  a  two-  or  four- 
armed  terminal  portion,  composed  of  two  or  four  cells  besides  the  stalk-cell  and 
basal  ccU ;  they  arc  regarded  as  organs  for  the  absorption  of  the  decaying  bodies 
of  animals.  Tne  two  or  four  arms  of  these  glands  Ue  in  one  plane,  parallel  to  the 
wall  of  the  bladder.  Two-armed  glands  are  said  to  occur  on  the  inner  wall  of  the 
bladders  in  U,  coeruiea,  U.  comuia,  and  U,  Griffithii,  four-armed  hairs  in  U,  amethy* 
stina,  U,  minor,  U,  montana,  U,  multicaulis,  U,  neglecta,  U.  mlumbifolia,  U.  orbi* 
cuiata  and  U,  vulgaris.  According  to  Darwin  the  four-armed  glands  differ  in 
the  relative  position  and  in  the  length  of  their  arms  in  the  indixndual  species.  In 
V.  vulgaris  and  U,  neglecta  (Fig.  139,  C),  the  arms,  which  together  form  an  A",  are 
arranged  m  pairs  of  unequal  length,  the  longer  pair  of  arms  being  directed  towards 
the  jx>sterior  end  of  the  bladder  (i.e.  the  end  remote  from  the  aperture).  In  t/. 
minor  also  (Fig.  139,  D),  two  of  the  arms  are  longer  than  the  other  two,  but  here 
both  pairs  are  turned  in  the  same  direction.  The  four-armed  glands  of  U,  ortncu^ 
lata  and  V,  multicaulis  have  arms  of  equal  length.  FinaUy,  in  U,  montana  (Fig. 
139,  E)  the  four  arms,  which  arc  arranged  in  pairs  of  unec^ual  length,  have  beoi 
shown  to  have  a  pxxuUar  orientation  ;  the  t^'O  longer  arms  he  in  an  approximately 
straight  Une,  the  two  shorter  arms  in  a  second  straight  Une,  parallel  to  the  first. 

4.  Polypompholyx, 
The  species  of  this  small  genus  possess  typical  t//rtVu/arta-bladders,  which 
have  been  mvestigated  in  a  general  comparative  manner  by  Darwin  in  P,  multifida 
and  P.  tenella.  On  the  bladders  the  pairs  of  antennae,  so  widely  distributed  in 
the  species  of  Utricularia,  are  replaced  by  a  smaU  membranous  fork,  the  basal 
portion  of  which  forms  a  kind  of  cap  over  the  entrance  to  the  bladder.  The  inner 
surface  of  this  cap  is  covered  with  long,  simple  hairs,  which  according  to  Darwin 
probably  have  an  absorptive  function.  Besides  these  one  finds  on  the  lower  Up 
numerous  one-celled  papillae,  having  very  short  foot-stalks.'  The  inner  wall  of 
the  bladders  is  pro\iaecl  with  four-armea  glands,  in  which  the  diverging  arms 
are  of  equal  length.  It  may  be  added  that  in  P.  laciniata,  Benjamin  (in  the  Flora 
BrasiUensis,  vol.  x,  1847,  Tab.  xxii,  ii)  figures  glands  with  a  uniseriate  stalk 
and  a  disc -shaped  head,  showing  the  same  structure  as  the  glands  of  Pinguicula  ; 
these  glsmds  also  occur  on  the  sepals  and  bracts. 

5.  Biovularia, 
A  detailed  investigation  of  this  monotypic  genus,  which  also  possesses  bladders, 
has  not  yet  been  made.      Kamienski,  in  the  NatOrUche  PflanzenfamiUen,  merely 
states  that  Biovularia  approximates  to  the  small  aquatic  species  of  Utricularia  in 
its  morpbolo^cal  and  anatomical  features. 
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Utentare:  Sch*<id«,  GnBdx^  a.  Amfl.,  iftf*.  ^  i^i  dvq.— Goewst,  ScUiadbe  vob  fVn.v 
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COLUMELLIACEAE. 

In  this  small  Order,  which  includes  only  the  single  gmos  ColmmuUis  with 
a  few  species,  Columeliia  serrata^  Rusby  (Bang,  n.  1172,  Bolivia)  was  examined. 
The  structure  of  the  wood  presents  a  number  of  very  characteristic  features, 
viz. :  (a)  vessel  •  ha\ing  small  lumina  (diameter  =  021  mm\  scalarifonn 
perforations  with  numerous  bars,  and  bordered  pits  on  the  walls,  including 
those  in  contact  with  parenchyma  of  the  medullary  rays ;  (6)  unisenate 
medullary  rays ;  (c)  scantily  developed  wood-parenchyma ;  and  (/)  wood* 
prosenchyma  provided  with  distinct  bordered  pits,  the  cork  arises  at  the 
outer  limit  of  the  bast,  and  consists  of  layers  of  radially  elongated  cork<eIL< 
alternating  with  layers  of  cells  which  have  cellulose  walk  and  are  compressed 
in  the  radial  direction.  Oxalate  of  lime  is  present  in  the  axis  in  the  fonn  ot 
clustered  crystals  (in  the  pith  and  primary  cortex),  and  of  solitary  crystaK 
mostly  resembUng  styloids  (in  the  bast  of  older  branches).  The  stnscture  of 
the  leaf  is  bi facial,  and  the  stomata,  which  only  occur  on  the  lower  side,  are 
surrounded  by  a  relatively  large  number  of  ordinary  epidermal  cells.  The 
hairs,  developed  on  the  lower  side  of  the  leaf,  are  simple  and  nnicdlolar ; 
close  to  their  point  of  insertion  they  are  bent  back  against  the  epidermi5. 
and  are  adpressed  to  the  leaf ;  glandular  hairs  are  not  present.  FinaDy,  the 
occurrence  of  a  one-layered  hypoderm  on  the  upper  side  of  the  lof  in 
Columeliia  serrala  remains  to  be  mentioned ;  the  ceUs  of  this  layer,  like  those 
of  the  epidermis  on  both  sides  of  the  leaf,  have  polygonal  outlines. 

The  position  of  the  Columelliaceae  in  the  Natural  System  is  stiD  unccrtaio. 
On  the  ground  of  their  exomorphic  characters  a  relation  to  the  Gesnemoeae  and 
Saxifragaceae  has  been  suggested.  The  anatomical  features  prafvioiiily  referred 
to,  especially  the  lack  of  glandular  hairs,  the  occurrence  of  none  tnit  •calardbnn 
perforations  in  the  vessels,  and  of  wood-prosenchyma  bearing  borderod  pita  throogh- 
out,  are  not  quite  favourable  to  a  very  close  amnit>'  with  the  GesnenceM;  whilst 
scalariform  perforations  and  prosenchyma  with  bordered  pits  are  widdy  distributed 
in  the  Saxifragaceae ;  in  that  Order  glandular  leaf-teeth  and  trichomei  uular 
to  those  of  Coiumsiiia  s§rrala  also  occur. 
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Relatively  little  has  been  done  in  the  anatomical  investigation  of  this 
Order,  but  such  researches  as  have  been  carried  out  tend  to  show  that  the 
Ciesneraceae  are  not  distinguished  by  any  constant  anatomical  feature  from 
the  allied  Orders  Scrophularineae  and  Bignoniaceae.  As  in  these  two  Orders, 
the  vascular  bundles  are  simply  collateral,  oxalate  of  Ume  is  chiefly  excreted 
in  the  form  of  small  acicular  crystals,  the  heads  of  the  glandular  hairs  are  divided 
exclusively  by  vertical  walls,  the  perforations  of  the  vessels  are  simple,  and  the 
wood-prosenchyma  bears  simple  pits.  In  addition  to  the  adcular  crystals 
clustered  crystals  have  been  observed,  and,  besides  the  glandular  hairs,  there 
are  simple  uniseriate  trichomes  (Fig. 
140),  which  sometimes  have  a  very 
strongly  thickened  terminal  cell. 
Even  on  the  mature  leaf  the  stomata 
are  mostly  surrounded  by  three  epi- 
dermal cells,  which  sometimes  have 
the  apj>earance  of  subsidiary  cells. 
The  development  of  cork  is  super- 
ficial or  internal. 

Our  knowledge  of  the  leaf- 
structure  of  the  Gesneraceae*  is 
leased  on  Vesque's  general  com- 
parative investigations,  which  ex- 
tended to  sp)ecies  of  the  genera  : 
AfschynatUhus,  Chiriia,  Columvfa, 
Ef>iscia,  Gesnera,  Moussonia,  Nctnat- 
anthus,  Ramondia,  Rhytidophyllum^ 
Siiadocalyx,  and  Tydaea ;  while 
Hielscher  has  examined  the  leaf 
of  Streptocarpus^  which,  as  is  well 
known,  must  be  regarded  as  being 
morphologically  a  cotyledon.  In 
all  these  species  the  leaf-structure 
is  bifacial,  and  this  also  applies 
to  Streptocarpiis  polyanthus^  Hook. 
The  sjx)ngy  tissue  in  this  plant 
shows  a  i>eculiar  structure  ;  it  con- 
sists of  spherical  cells,  which  ex- 
hibit annular  thickenings  on  those 
parts  of  their  walls  which  adjoin 
intercellular  spaces.  In  certain 
case*^  (Episcia,  Tydaea  gigantea^ 
Moussonia  elegans,  Gesnera  longifolia)  the  epidermal  cells  on  the  upper 
side  of  the  leaf  are  strongly  developed,  and  serve  as  water-receptades  ;  some- 
times (Gesnera  zebrina)  this  differentiation  extends  to  both  upper  and  lower 
epidermis.  Other  species  are  distinguished  by  a  hjrpoderm,  which  serves 
for  the  storage  of  water,  and  sometimes  (Aeschynanthus  grafuiiflarus)  consists 
of  many  layers,  in  this  case  occupjing  almost  one-third  of  the  thickness  of 
the  leaf.  According  to  Vesque,  the  following  species  have  a  hypoderm : 
(hint a  sinensis,  Aeschynanthus  pulchra^  A.  grandtflora,  Nematantkus  GuUk- 
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*  The  scale-leaves,  which  occur  00  the  numert  in  rnanr  membert  of  the  Order,  h«Te  not,  as  &r  a« 
I  am  aware,  been  examined  anatomically ;  they  may  therefore  be  recommended  as  a  tnbfect  lor 
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minianus,  and  Columnea  Schiedeana.  The  stomata,  as  stated  above,  bekng 
to  the  Cruciferous  type,  and  this  is  usually  recognizable  even  in  the  mature 
leaf.  The  three  epidermal  cells,  surrounding  the  guard-cells,  are  difltercntiated 
as  subsidiary  cells  (being  much  smaller  than  the  remaining  cells  of  the  epider* 
mis) ;  this  is  the  case,  according  to  Vesque,  in  the  spedes  just  quoted  as 
possessing  a  hypoderm,  and  also,  according  to  Benecke,  in  a  plant,  described 
as  'Agalmyla  tnaequafolia ' ;  in  Tydaea  giganUa^  Maussama  eUgmms^  GesmetM 
zebrina^  G.  Umgifolia^  and  Rhytidophyllum  crenulaium,  on  the  other  hand,  the  oelk 
adjoining  the  guard-cells  are  not  specially  prominent,  according  to  Vesque,  and 
these  plants  also  possess  no  hypoderm.  The  stomata  either  lie  on  a  level 
with  the  epidermis,  or  (Khytidophyllum  crenulaium  and  Episcia  Lucimm)  project 
considerably.  Cork-warts  have  been  observed  on  the  leaves  of  Aesckymmnihms 
pulchra  ajid  A.  spUndens  (E.  Bachmann). 

Oxalate  of  lime  usually  appears  in  the  axis  and  leaf  in  the  form  of  crystals 
resembUng  the  envelope  of  a  letter,  small  prisms  and  adcular  crystals ;  those  of 
the  last  type  are  sometimes  {Gesnera  zebrina)  rather  long,  and  resemble  raphides. 
In  CyrUifuira  biflara^  Forst.,  I  observed  smaU  dustored  crystab  in  the  pith 
and  primary  cortex ;  they  are  composed  of  loosdy  connected  adcular  and 
spiniform  crystals  *. 

The  trichomes  (Fig.  140)  are  (i)  simple,  imiseriate  dothing  hairs,  and 
(2)  glandular  hairs.  The  clothing  hairs  usually  consist  of  a  relativdy  smaD 
number  of  cells,  and  mostly  have  smooth  walls.  Thdr  characteristic  feature 
lies  in  the  fact  that  the  terminal  cells  are  (at  least  at  the  apex)  more  strongly 
thickened  than  the  remaining  cells  of  the  hair,  which  have  wide  lamina  jum) 
rather  thick  walls  ;  sometimes  (species  of  Achimenes^  Gesnera^  Isolamm^  Rkytido- 
phyllum^  according  to  A.  Weiss  and  Vesque)  the  terminal  cell  is  so  much  fhirk*'i»H 
as  to  cause  obliteration  of  the  lumen.  When  this  is  the  case,  the  hairy  cover- 
ing appears  very  rough.  It  may  be  added  that  the  cells  of  the  hair  freqooitly 
have  red  or  blue  cell-sap,  and  consequently  contribute  materially  to  tM  orna- 
mental appearance  of  the  plant,  and  that  the  hair  not  uncommonly  springs 
from  the  middle  of  a  pedestal  composed  of  two  or  more  ceUs.  Hie  glandalar 
hairs  do  not  differ  from  those  of  the  Scrophularineae.  The  stalk  is  of  varied 
length,  and  may  consist  of  one  or  more  cells.  The  head  is  almost  always  * 
divided  by  vertical  walls  only,  into  two,  four,  six,  or  more  cells.  In  the 
same  species  glands  with  short  and  long  stalks,  and  having  a  varied  mmiber 
of  cells  in  their  heads,  sometimes  occur  side  by  side.  Glandular  hairs 
have  been  observed  in  species  of  Aeschynantkus^  Chiriia^  Colmnnm^  EpisoM^ 
Gesnera,  Isoloma,  Moussonia,  Nemaianthus  and  Sdadocalyx. 

The  course  of  the  vascular  bundles  and  the  correiated  stmctore  of  the 
petiole  are  of  systematic  value  according  to  Hollstdn  and  Fritsdi.  AD  the 
spedes '  investigated  by  Hollstdn  belonging  to  the  Gesnerioideae  (of  Fritsch's 
classification),  as  well  as  certain  other  spedes,  have  leaf-traces  consisting  of 
a  single  strand.  In  the  petiole  two  or  more  small  vascular  bundles  are  present, 
in  addition  to  the  pnndpal  strand ;  but  as  a  rule  they  fuse  with  it  while 
still  in  the  petiole.  On  the  other  hand  the  members  of  the  Columneae*  (of 
Fritsch's  system)  which  have  been  examined,  as  well  as  Ganatosiemom  Bouckem- 


'  Raunlcjiir  met  with  noclemr  cryitalloidt  in  the  crMdennit  of  the  leaf  in  wptcim  of  AmM^mmtikmi 
and  Ziromennann  found  them  in  the  veins  of  the  leaf  in  a  plant  described  as  Ghgmim  yjbidh, 

'  Only  exceptionally  ('  par  accident')  do  horixootal  diTisions  also  oocar  la  the  boto,  Cf.  ■  tbr 
long-stalked  glands  on  the  corolla  of  Co/umtua  irytkr^koim  (VcsooeV 

'  Namely  spedes  of  Gtsmera,  Ackimums^  AtstkymmtUkus,  C§dmufk§rti^  Dimttiwrn^  /Knvfg. 
Eucodonia^  Gloxinia,  Gutknickia,  HouUea  (ft,  Iscfoma,  KoiUiJkerimt  MMUrim^  Lfgmrim^  Lttmnm^ 
Mitraria,  Niphaea,  Kecksteineria,  Khytidopkylhtm,  Ratammna^  Schmim  and  Sinfimfmtm 

*  Species  oiAlUpUctus,  Alsobia,  BtsUria,  C^lumma,  CyrMHwm^  Efi»em^  UmMmifU  ^ 
antkm  and  Parodrytn^mia, 
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num,  Reg.,  have  three  distinct  leaf-trace  strands.  An  exceptional  position 
is  held  by  Klugia  Notoniana,  in  which  a  transverse  section  of  the  stem  exhibits 
medullary  vascular  bundles,  while  the  leaf-trace  consists  of  a  relatively  large 
number  of  separate  vascular  bundles ;  some  of  these  enter  the  vascular  ring 
of  the  axis,  others  traverse  the  pith  as  medullary  bundles. 

The  structure  of  the  axis  has  been  examined  by  me  in  Pentarhapkia  htm* 
flora,  Lindl.,  Bdlonia  spinosa,  Sw.,  AUopUcius  cristatus.  Mart.,  and  Cyrtanlra 
inflora,  Forst.  The  wood  possesses  m€^dullary  rays  of  varying  breadth  and 
vessels  of  varied  diameter  (maximum  diameter  between  03  and  -loS  mm.). 
The  i>erforations  of  the  vessels  are  simple  throughout.  The  walls  of  the  vessels, 
where  they  are  in  contact  with  parenchyma  of  the  medullary  rays,  usually  bear 
bordered  pits  only«  but  in  AUoplecius  cristaius  there  are  simple  pits  as  well.  The 
wood-parenchyma  is  scantily  developed.  The  pitting  of  the  wood-prosenchyma 
may  hi?  described  as  simple  ;  thelumina  of  the  elements  forming  this  tissue  are 
commonly  septate  in  the  four  species  mentioned  above.  In  Rhytidophyllum 
tomentosum.  Mart.,  in  which  Pomrencke  examined  the  structure  of  the  wood, 
we  find  the  same  features  as  in  Pentarhapkia^  &c.  In  the  structure  of 
the  cortex  it  may  first  be  noted  that  the  development  of  cork  may  take 
place  suixjrficially,  \iz,  in  the  epidermis  (Columma  Sckiedeana^  according  to 
Douliot),  or  subepidermally  (Alloplectus,  Cyriandra) ;  or  its  position  may  be 
internal  to  the  sclerenchyma  of  the  pericycle  (Bellonia,  Pentarkapkia^  as  well 
as  Rhytidophyllum  Plumerianum^  according  to  DouUot).  The  cork-cells  have 
thin  walls  in  Pentarhaphia  ;  the  outermost  lamellae  of  their  walls  are  Ugnified 
in  Bellonia,  whilst  in  AllopUctus  and  Cyrtandra  some  of  the  cork-cells  have  their 
inner  tangential  walls  sclerosed.  The  outer  portion  of  the  primary  cortex 
is  sometimes  {Pentarhaphia,  Cyriandra)  collenchymatous ;  stone-cells  are 
found  in  the  primary  cortex  in  Alloplectus  crisiatus,  whilst  cells,  with  sclerosed 
walls  resembling  a  horse-shoe  in  transverse  section,  occur  in  A  eschynanthus  grandi* 
floras  (according  to  Vesque).  In  the  pericycle,  in  the  species  of  Pentarhapkia^ 
Bellonid  and  Cyrtandra  referred  to  above,  as  well  as  in  Khytidopkyllum  PlunU' 
rianum,  according  to  Douliot,  there  are  groups  of  more  or  less  elongated,  pitted 
sclerenchymatous  cells  resembling  rod-cells,  and  ha\ing  yellow  walls ;  they 
are  wanting  in  Alloplectus  cristatus.  In  Pentarhaphia  longi'flora  the  sclerenchy- 
matous pericycle  is  strengthened  by  a  few  layers  of  suberized  cells,  which  are 
situated  externally  to  it,  and  are  derived  from  the  primary  cortical  parenchyma. 
The  same  species  contains  rod-cells  in  the  secondary  bast. 

Literature:  A.  Weiss,  rflanxcnhaAre,  1867. — Vcique,  Anat.  comp.  de  rccorce,  Thte«  Puis, 
i^7<^>  I'*  45.— HoIUtcin,  GefasslmndcUerUaf  im  Summe  d.  C,  Diss.,  Ilalle-NVittenberg,  1878, 
40  pp.— Hcilschcr,  Strtpto<arpus,  Cohn,  Ikitr.,  Bd.  iii.  Heft  1,  1879,  pp.  i-jj.  Tab.  i-iii.— E.  Badi- 
tnann,  Kurkwuch.,  I^ini^sheim  Jahrb.,  Hd.  xii,  1879-81,  p.  193  et  teq. — Vesqae,  Gamopetakt,  Ann. 
«:.  nai..  »er.  7.  t.  i,  1SS5,  pp.  310-17  and  pi.  14.— Solereder,  HoUttr.,  1865,  p.  195.— Raonkjiir, 
<'cIlckjeraekr>>talloider,  lk>t.  Tidtskrift  xVl,  1887,  mk.  41-5;  aUtr.  Just  1887,  II,  p.  558.— 
I>ouliot.  in  Ann.  sc.  nat.,  ser.  7,  t.  x,  1889,  rp.  383-1. — ^mmennaim,  Pflanzentelle,  a.  Heft,  1891, 
p.  136.— Pomrencke,  in  Arb.  t>ot.  Gart.  Breslaa  i8oa,  pp.  61-3. — Iknccke,  in  Bot  Zcit.  1891,  p.  557 
<t  ten.— Kritsch,  in  Natiirl.  rflanzenfam.,  IV.  Teil,  AbC  3  b,  1893,  pp.  136-7. — Reicfae,  in  Engler, 
liot.  jahrh.,  Bd.  ui«  1895,  p.  38.— [Kechinger,  Tricfa.  d.  G.,  Oest  boL  SSeitachr.  1899,  p.  89  cC  icq. 
and  Tab.  i.] 

BIGNONIACEAE. 

I.  Remew  of  the  Anatomical  Features.  The  frequent  occurrence 
of  anomalous  types  of  structure  in  the  a.\is  is  specially  characteristic  of  this 
Order,  which  includes  many  lianes.  Four  different  kinds  of  anomalies  have 
been  ol)served  :  (I)  Wedges  of  bast  in  the  xylem-mass  (Fig.  142,  A-B) ;  they 
are  present  in  definite  numbers  (4,  8,  16,  and  so  on),  and  are  specially  dis- 
tin^ished  by  {X)ssessing  cambium  on  their  inner  side  only,  and  not  on  their 
radial  surfaces  ;  in  transverse  section  they  are  bounded  towards  the  adjacent 
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projecting  portions  of  the  wood  by  a  straight  line  or  by  a  series  of  >teps 
(II)  Secondary  zones  of  growth  arising  in  the  cortex ;  (III)  Ultimate  ts^i.' 
of  the  xylem-mass  (Fig.  142,  C) ;  (IV)  Strips  of  wood  and  bast  occurring  j 
the  margin  of  the  pith  and  showing  inverted  orientation.  Otherwise  tht: 
are  no  special  characters  sharply  separating  the  Bignoniaceae  from  the  aUie 
,  Orders.    The  type  of  stoma  varies  ;  the  pair  of  guard-ceUs  is  either  surrounds 

by  three  or  more  epidermal  cells,  or  there  are  subsidiary  ccUs  placed  parall 
to  the  pore.    The  vessels  of  the  wood  have  simple  perforations ;    the  wc--'' 
prosench5mia  bears  simple  pits ;    the  development  of  cork  is  mostly  sup* 
I  ficial,  and  the  phloem  shows  a  tendency  towards  stratification  into  hard  ar 

'  soft  bast.     Accompanjdng  simple,  unicellular  or  uniseriate  hairs  and  mui: 

cellular,  branched  trichomes,  glandular  hairs  of  varied  structure  are  iour.i 
the  latter  all  agree  in  so  far  as  the  head  is  divided  by  vertical  walls  only  ;  t: 
large  patelliform  glands,  found  in  certain  members  of  the  Order,  may  be  special] 
pointed  out  (Fig.  141,  E).  Oxalate  of  lime  is  usually  excreted  in  the  form  ■ 
small  acicular  crystals  or  small  crj^tals  of  the  ordinary  type,  but  also  (»ccu 
in  the  form  of  clustered  and  large  solitary  crystals.  The  follo\iing  spr::. 
features,  which  may  be  employed  in  detailed  anatomical  diagnosis,  have  Srr 
observed :  development  of  hypoderm  in  the  leaf ;  sclerenchymatous  f.Sn 
running  freely  in  the  mesophyll ;  groups  of  sclerenchjrmatous  fibres  in  t: 
outer  cortex  of  the  branch. 

2.  Structure  of  the  Leaf.    The  leaf-structure  has  only  been  examir.r 
in  a  general  comparative  manner  by  Vesque  and  Hovelacque.     The  incs< 
phyll  usually  has  bifacial  structure.     In  Campsis  radicans  and  Ducotidrn 
I  \  capensis  a  layer  of  cells  with  very  wide  lumina  occurs  at  the  limit  betwer 

palisade  and  spongy  tissue ;    in  Colea  Commersonii  sclerenchymatous  nbrr 
running  freely  in  the  mesophyll  are  present.    The  epidermal  cells  may  hu*. 
straight  or  undulated  lateral  walls ;   the  cuticle  may  be  smooth,  striated, 
{Colea)  vemicosely  thickened.  Gelatinization  of  the  epidermis  of  the  leaf  hd>  r- 
•  been  observed.    The  epidermal  cells  on  the  upper  side  of  the  leaf  in  >pei-ir 

of  Catalpa,  Crescentia,  and  Colea  are  distinguished  by  their  considerable  heicht 
Tecoma  leucoxylon  is  characterized  by  the  occurrence  of  horizontal  divi-10: 
walls  in  the  epidermal  cells  ;  Pandorea  jasminioides  and  SchUgelia  parasuu 
are  distinguished  by  the  occurrence  of  a  hypoderm,  composed  of  one  or  sevt-r. 
layers  respectively,  on  the  upper  side  of  the  leaf.  The  stomata  in  the  sjvvi? 
investigated  are  only  found  on  the  lower  side  of  the  leaf.  In  most  cases  (specu 
of  Bignonia^  Catalpa^  Stizophyllum  and  Tecoma,  according  to  V'esque,  and  ^ 
Amphicome^  Amphilophium,  Campsis^  ClytosUma,  Cusptdaria^  DucouJm- 
Eccremocarpus,  Incarvillea^  Melloa,  Pandorea  and  Stenolobium^  according  ■ 
Hovelacque)  the  pairs  of  guard-cells  are  surrounded  by  a  considerable  nuir.S 
of  ordinary  epidermal  cells ;  in  Crescentia  Cujete^  however,  one  finds  on  i\ 
same  leaf-surface  stomata  with  three  subsidiary  cells,  and  others  vriih  tv 
subsidiary  cells,  parallel  to  the  pore,  while  in  Adenocalymna  nuimnaium  at 
other  species,  Bignonia  triplinervia^  Colea  Commersonii  and  Scmrgelia  par. 
silica^  the  stomatal  apparatus,  without  exception,  follows  the  Rubiaceous  tr 
(i.e.  two  or  more  subsidiary  cells  are  placed  parallel  to  the  pore  on  both  lor^ 
tudinal  sides  of  the  pair  of  guard-cells). 

The  structure  of  the  petiole  and  of  the  veins  of  the  leaf  is  so  \*aried.  th. 
I  can  only  refer  to  the  statements  made  by  Hovelacque,  Petit  and  Vesquo  c 
this  subject. 

The  hairy  covering  consists  of  clothing  and  glandular  hairs.  The  clot! 
ing  hairs  arc  usually  simple,  unicellular  or  uniseriate  trichomes,  with  relative 
wide  lumina  and  fairly  thick  walls,  the  external  surface  of  which  may  be  smooi 
or  covered  uith  irregularities.  Both  kinds,  viz.  unicellular  and  uniseiu 
clothing  hairs,  may  occur  side  by  side  in  the  same  species  (e.g.  BtfnoiiM  exoUU 
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In  addition  to  the  trichomes  just  mentioned,  branched,  multicellular  clothing 
hairs  have  been  met  with  in  this  Order  (by  Bureau  in  Aiemocalymna^  Ampki* 
lophium  and  Pithecodenium^  by  Bureau  and  Schumann  in  Arrabiiaea  and 
Tecoma,  and  lastly  in  Zeykeria  motUana^  Blart.).  The  branched  trichomes  of 
Amphilopkium  AfuHsii  (according  to  Hovelacque)  and  of  Arrabidaea  corcko' 
raiaes,  P.  DC.,  and  A.  macrapkyUa,  K.  Sch.  (according  to  Bureau  and  Schu- 
mann) vary  in  the  degree  of  their  branching ;  they  possess  a  uniseriate  main 
axis  and  uniceUular  or  uniseriate  lateral  branches  of  the  first  and  sometimes 


Fig.  141.  Hairy  covennc  of  tke  BifMrniMCM:  A,  Tftmrn  mm/Hi,  RBlK.:  «,  Amipkitmm  mivmtm, 
Rovlr;  c  u.  Bt£mmtim  itwmm^^tm^  Raabr;  ■•  PitrlliferB  glaad  of  B^gmmim  itmprmm^  Rwbj  (w  tke  fgaiv 
thr  lower  mdr  oTtbe  Iraf  is  directrd  •pwarfk)^-OrifnuL 

also  of  the  second  order.  The  branched  hairs  of  Tecoma  alba^  Cham.,  T.  nuMis^ 
H.B.K.,  and  T.  ochracea^  Cham.,  exhibit  a  different  type  of  structure,  being 
more  (7*.  ochracea)  or  lessor,  mollis^  Fig.  141,  A)  distinctly  sympodial.  Finally^ 
the  club-shaped  hairs  of  Zeykeria  motUana  exhibit  a  special  type  of  structure ; 
they  have  a  uniseriate  stalk  and  a  head  with  ray*oells,  which  point  in 
all  directions.  The  glandular  hairs  agree  with  those  found  in  the  allied 
Orders  in  having  heads  divided  by  vertical  walls  only.  &nall  capi* 
tate  hairs  are  very  common ;  they  consist  of  a  short  uniceUular  stalk  and 
a  four-celled  head,  divided  by  four  vertical  wadls,  which  form  an  ortho* 
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gonal  cross  (according  to  K.  Schumann,  these  glands  occur  especially  on  the 
inner  wall  of  the  calyx,  but  also  on  the  foliage  leaves^  e.g.  in  Cuspiiawia  fUrth 
carpa^  according  to  Hovelacque).  Small  scale-Uke  glands  (Fig.  Z4it  A-B) 
are  also  of  frequent  occurrence ;  they  have  a  stalk  of  a  similar  structure  to 
that  of  the  capitate  glands,  but  their  head  is  composed  of  a  larger  number  of  cells, 
and  is  divided  by  radial  and  sometimes  also  by  tangential  vertical  walls ;  the 
cells  of  the  head  usually  contain  a  secretion.  According  to  O.  Bachmann, 
such  glands  occur  in  spedes  of  Ampkicame^  AmphUapkium^  Bimonia, 
Catalpa^  Dolichandrofu^  Pitkecodenium  and  Tecoma  ;  according  to  Volkens 
in  Pkyllartkron  Bojeranum^  DC. ;  and  according  to  Haberlandt  in  Spaihoded 
campantdata^  Beauv.  It  may  be  added,  that  the  external  glands  of  PkyU- 
arthfon  Bojeranum  cover  the  upper  side  of  the  leaf  with  a  layer  of  varnish, 
that  the  glands  of  Bignonia  brasiliana^  Lam.,  and  Spatkoiea  campan^4Ua^ 
Beauv.,  function  as  water-excreting  organs  (hydathodes),  according  to  Haber* 
landt,  and  that  the  glands  of  Tecoma  ckrysanika^  DC.,  and  T.  peniapkylla^ 
Juss.,  secrete  carbonate  of  lime,  according  to  O.  Bachmann.  External  glands* 
in  which  the  structure  is  analogous,  but  a  considerable  accumulation  of  secre- 
tion takes  place  between  the  cuticle  and  the  cellulose-wall  of  the  head,  may 
be  regarded  as  a  modification  of  the  glands  just  referred  to ;  the  accumulation 
of  secretion  causes  the  cuticle  to  be  raised  hke  a  bladder.  Glands  with  this 
structure  have  been  obser\'ed  by  O.  Bachmann  in  Dolickandrone  siipuUsU^ 
Benth.  et  Hook. ;  in  Bignonia  calycina,  DC.,  B.  perforata^  Cham.,  B.  occidenialis^ 
Salzm.,  and  B.  tecomaeflora,  Rusby  (Fig.  141,  C-D),  they  give  rise  to  trans- 
parent dots  in  the  leaf  *  (cf.  DC.,  Prodr.  ix,  p.  160).  Another  type  <rf  gland 
is  characteristic  of  the  genus  Cremastus^  according  to  K.  Schumann ;  here 
the  uniseriate  stalk  is  long,  and  its  uppermost  cell  is  differentiated  as  a  short 
neck-cell,  while  the  head  is  multicellular  owing  to  vertical  divisions,  and  has 
the  shape  of  an  inverted  truncated  cone  ;  the  secretion  of  these  glands  makes 
the  surface  of  the  organs  on  which  they  occur  greasy.  Glands  of  nxnre  com- 
plicated structure  are  :  (a)  those  covering  the  young  leaves  of  Catalpa  syrin^ai- 
folia  in  the  bud,  and  persisting  on  the  lower  side  of  the  pinnules  in  the  mature 
leaf,  where  they  occur  in  the  angles  formed  by  the  lateral  and  main  veins, 
and  are  \isible  to  the  naked  eye  as  spots  ;  they  excrete  sweetish  nectar ;  and 
(h)  the  patelliform  glands,  which  hkewise  excrete  nectar,  and  have  long  been 
known  to  occur  on  the  vegetative  and  reproductive  organs  of  the  Bignoniaceae. 
The  glands  of  Catalpa  syringaefolia^  which  form  groups  sunk  in  small  depres- 
sions in  the  surface  of  the  leaf,  consist  of  a  large  stalk-ceU  seated  on  the  epi- 
dermis, and  a  disc-shaped  head  composed  of  two  layers  of  prisnoatic  cells, 
which  converge  towards  the  stalk-cell,  and  have  4-6  angled  outlines  in  suriace- 
\*iew  (Reinke).  The  patelliform  glands,  which  are  very  widely  distributed  * 
on  the  lower  side  of  the  leaves,  and  are  generally  \isible  to  the  naked  eye  as 
circular  areas  \  mm.  in  diameter,  have  been  examined  in  detail  by  Morini 
in  Bignonia  grandiflora,  Spr.,  and  Tecoma  radicans^  Juss.,  and  by  me  in  B. 
impressa,  Rusby  (Fig.  141,  £).  In  the  last  of  these  species  the  glandular  disc 
is  separated  by  a  groove  from  the  rest  of  the  epidermis  in  transverse  section. 
The  glandular  disc  consists  of  a  layer  of  narrow  cells  elongated  Uke  a  palisade, 
uith  small,  polygonal,  external  surfaces.  Below  this  lies  a  layer  of  low 
cells  which  are  relatively  large  and  polygonal  in  surface-view,  and  have 
those  walls  suberized  which  run  at  right  angles  to  the  surface  of  the  organ. 
This  layer  of  cells  appears  as  a  continuation  of  the  epidermis,  since,  Hke  the 
secretory  palisade  layer,  it  is  of  epidermal  origin,  as  Reinke  has  shown  in  the  < 


*  Other  tran<iparrnt  dotfi  found  in  the  lemf  are  canted  by  fissmtt  in  tht  bmimiIitII  dae  to  drji*(; 
they  occur  in  S/a/Aodta  (ampanu!tUa,  BcauT.  and  S,  adenopkylU^  DC  (RftdHrofar). 

*  See  Delpioo,  Mem.  Accad.  Bologna,  1888,  p.  601  ct  acq. 
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of  Clerodendfon  programs.  Below  these  two  layers  there  follows  a  third^  dis* 
tinctly  differentiated  layer.  It  is  also  to  be  observed  that  the  patelliform 
riands  are  situated  above  an  anastomosis  of  the  vdns,  and  that  from  the  vascular 
bundles  of  the  latter  pitted  (conducting  ?)  cells  extend  outwards  towards  the 
gland. 

Oxalate  of  lime  has  been  observed  chiefly  in  the  form  of  smaD  octahedra* 
prisms,  and  small  adcular  crystals.  Large  sditary  and  clustered  crystals 
are  rare ;  the  former  occur  in  the  cortical  ring  of  stone-cells  in  Teconm 
pentapkylla^  Juss.,  according  to  M^er ;  the  latter  in  the  cortex  of  T.  petUa- 
pkylia^  and,  according  to  Hovelacque,  in  the  mesoph^  of  AmpkUapkium  Vmu» 
tkieri.  Sphaero-crystals  of  undetermined  organic  composition  (not  phosphate 
of  lime)  nave  been  found  by  Baccarini  and  Pirotta  in  akohol-matenal  of 
Bignonia  venusta^  Ker,  and  PMecocUmum  clemaMeum,  Griseb. ;  Zimmer- 
mann  met  with  nuclear  crystalldds  in  the  epidermis  and  mesoph]^  of  the  leaf 
in  Bignonia  florUmnda^  Cataipa  syringaefoUa  and  Tuoma  jasmmoUes. 

3.  Structure  of  the  Axis.  The  Bignoniaceae  form  a  monounced 
Order  of  lianes,  and  consequently  anomalies  in  the  stmctnre  of  the  axis  are 
to  be  expected.  These  anomalies  have  been  known  for  a  long  time,  and  have 
repeatedlv  formed  the  subject  of  investigation,  the  results  of  which  have 
recently  been  summarized  in  an  excellent  manner  by  H.  Schenck,  and  sup- 
l^emented  by  his  own  observations.  We  meet  with  four  lands  of  anomalies 
in  this  Order.  The  first  of  these  consists  in  the  occurrence  of  wedges  of  bast 
in  the  xylem  (Fig.  142,  A-B) ;  the  second  is  the  development  of  secondary 
cones  of  growth  in  the  secondary  cortex  ;  the  third  is  the  formation  of  separate 
xylem-masses  owing  to  fission  (Fig.  142,  C) ;  and  the  fourth  consists  in  the 
presence  of  inversely  orientated  bsmds  of  wood  and  bast  at  the  margin  of  the 
pith.  The  first  three  anomalies  are  found  almost  exdusivelv  in  representa- 
lives  of  the  Tribe  Bignonieae,  and  sometimes  more  than  one  of  these  anomalies 
occurs  in  the  same  species  (e.g.  in  Doxantha  cafreolata^  Bfiers,  where  all  three 
anomalies  are  met  with  simultaneously ;  the  first  anomaly  is  also  found  in 
the  genus  Pandarea  (Tecomeae),  whikt  the  fourth  is  met  with  in  the  genus 
Campsis  (Tecomeae).  In  the  two  Tribes  Jacarandeae  ■  and  Crescentieae,  no 
anomalous  structural  features  of  the  branch  have  hitherto  been  discovered. 

I  will  now  give  an  abstract  of  H.  Schenck's  account  of  the  four  anomalies 
(partly  in  his  own  words),  begiiming  with  the  description  of  the  wedges  of 
bast  in  the  xylem-mass  (Fig.  142,  A^B).  Very  young  branches  do  not  show 
this  anomaly ;  they  have  a  normal  ring  of  vascular  bundles,  in  which  the 
xylem-ring  contains  vessels  of  smaU  sixe  only  (axial  wood  of  Strasburger). 
As  soon  as  the  periaxial  wood  (i.e.  wood  having  vesseb  with  wide  lumina) 
appears,  the  formation  of  furrows  commences,  and  f<dlows  a  very  definite 
law.  The  four  furrows  together  form  an  orthogonal  cross  if  we  iinagine  them 
continued  as  far  as  the  pith,  and  intersect  one  another  at  right  an^es. 
It  is  worthy  of  note  that  the  furrows  alternate  with  the  orthostichies,  tli^* 
leaves  being  opposite  in  the  cases  under  consideraticm.  In  some  genera  no 
more  than  four  furrows  are  formed,  but  in  other  cases  four  secondary  furrows 
appear  between  the  original  four ;  they  do  not  penetrate  so  deejdy  into  the 
wood  as  the  latter,  and  they  form  angles  of  45^  with  them.  Bisecting  the  eight 
interspaces,  eight  additional  (tertiary)  furrows  may  be  developed,  and  so  on. 
Hence*  if  the  formation  of  furrows  continues  to  take  place  quite  regulariy, 
4,  8,  16,  32,  64,  &c.,  wedges  of  bast  may  be  observed  in  transverse  sections  of 
the  stem  at  successive  stages.  These  wedges  of  bast  are  highly  characteristic 
of  many  members  of  the  Order.    Similar  structures,  it  is  true,  are  also  found 


*  The  fttatemciit  in  mj  *  Holntraktnr'  rcgardiag  the  octiuicnce  of  aMNBtlow  itractwe  of  tbc 
a«is  to /oforamdaJi/in/Jis,  Don  has  been  ihowa  to  bt  iaooRCCt  bf  Radlkoiv. 


6o6 


BIGNONIACEAE 


in  other  Natural  Orders  comprising  lianes,  e.g.  in  the  lialpighiaceae,  but  the 
wedges  of  bast  in  the  Bignoniaceae  differ  from  them  in  two  respects :  firstly 
in  their  occurrence  at  regular  intervals,  and  secondly  in  the  fact  that  the  cam- 
bium does  not  line  the  entire  furrow,  where  the  wedge  of  bast  adjoins  the 
wood  (as  in  the  other  Orders),  but  is  confined  to  the  inner  surface  of  the  furrow, 
and  is  not  present  on  the  radial  surfaces ;  cambium  is  also  found  on  the  external 
surface  of  the  projecting  portions  of  the  wood.  As  a  consequence  of  this 
peculiar  distribution  of  Uie  cambium,  the  wedges  of  bast  must  slide  along  the 
lateral  surfaces  of  the  furrows  during  growth  in  thickness,  as  has  been  pointed 
out  by  Mettenius,  De  Bary,  and  P.  Schultz,  and  quite  recently  by  H.  Scbenck, 
in  reply  to  certain  objections  raised  by  Hovelacque.  To  fadhtate  this,  fissures 
appear  on  the  lateral  surfaces  of  the  furrows,  but  subsequently  become  closed 
again — a  point  which  has  also  been  observed  in  fresh  material.  The  appearance 
of  the  wedges  of  bast  in  a  transverse  section  of  the  stem  may  be  of  two  lands.  In 
the  simpler  case  the  wedge  appears  of  equal  thickness  throughout,  and  in  trans- 
verse section  is  bounded  towards  the  wood  by  a  straight  line  on  either  side ;  in 
other  cases,  the  line  of  separation  between  wood  and  bast  is  like  a  staircase 


Fig.  14 j.  AnomaloM  zylem-maiae*  of  certAio  Bigmmiaceae :  A,  Bjjgmwmim  •ffmimMtinNi  (Bfpf^  81 
Herb.  Ifonac.)  1}  :  1 ;  B,  One  of  th«  Bignooieae,  do.  6il is  H.  Sdwock't  coUcccioa  of  vood^MLite; C, 
Apac.  cmiAartmstuU^  nat.  taae  (H.  Schenck,  WoodcoU.  na  iJT).— A  Orifiaal,  •<  aftar  H.  Seknck. 

(Fig.  142,  i4-B),  owing  to  the  successive  step-like  broadening  of  the  bast-wedge 
as  it  approaches  the  periphery.  In  this  case  the  transverse  section  has  the 
form  of  a  Maltese  cross,  and  K.  Schumann  appropriatelydescribes  it  by  this  name. 
The  course  of  development  is  as  follows.  Small  portions  of  the  cambiam,  situ- 
ated at  the  margins  of  the  cambial  strips  which  lie  opposite  the  pcojectioiis  of 
the  wood,  suddenly  begin  producing  a  reauced  amount  of  wood  and  a  proportioo- 
ally  increased  amount  of  bast ;  this  takes  place  after  the  projecting  portion 
of  the  wood  has  grown  in  thickness  for  some  time  in  a  normal  manner  by  means 
of  the  entire  strip  of  cambium  bounding  it  externally ;  the  same  phenomenon 
is  repeated  at  frequent  intervals.  Bast-wedges  of  the  simjde  type,  and  foor 
in  number,  are  found  in  Arrabidaea  and  Paragania\  according  to  Boreao, 
as  well  as  in  CaUichlamys  (where  secondary  cones  of  growth  also  oocar  in  older 
stems) ;  according  to  Hovelacaue,  the  formation  of  furrows  also  talm  phce  in 
the  three-year-old  axis  of  Pandarea  jasminoides^  K.  Sch.,  bot  the  forrows  here 
coincide  with  the  four  orthostichies  of  the  leaves,  thb  being  contrary  to  what 
occurs  i  n  other  Bignoniaceae  with  wedges  of  bast.  Bast-wedges,  foor  in  tmndMr, 
and  showing  successive  step-like  enlargements,  are  mentioned  by 
iKcurring  in  Adenocalymna,  Cuspidana^  Fridericia^  Petmskmut^  * 
Stizophylluniy  Tanaecium,  and  Tynanihus,    According  to  Borean,  w«4Bti  of 

'  Stems  belooging  to  this  type  ire  alio  figued  by  H.  Schick  (loc  dt). 
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hast  arising  successively  *  (i.e.  4,  8, 16,  &c.,  in  number)  are  present  in  Ampkilo- 
phium,  Ancmopiugma^  Clytostoma^  Cydista^  Lundia^  Phryganocydia^  and  Pyro- 
stegia^  and  according  to  H.  Schenck,  in  Tynanthus  eUeans^  Miers  ;  and  finally, 
according  to  Bureau,  in  Disticiis^  Glaziovia^  and  Haplolopkium^  where  tlus 
structure  is,  however,  subsequently  combined  with  the  anomaly  of  successive 
rings  of  growth,  and  in  Bignonia^  Doxantha  (Aniso^ichus)^  and  Melloa  \  where 
it  is  combined  with  the  anomaly  of  fission  of  the  xvlem-mass.  A  modifica- 
tion of  the  anomaly  under  consideration  (that  of  wedges  of  bast  in  the  wood) 
is  found,  according  to  Bureau,  in  the  genus  Pithecocteniumj  in  which  the  species 
P.  phaseoUndes  (Bignonia  phasedoides^  Cham.)  has  been  investigated  in  detail 
by  H.  Schenck.  Instead  of  having  four  wedges  of  bast  arranged  in  the  form 
of  a  right-angled  cross,  a  transverse  section  of  the  axis  shows  four  radial  rows 
of  bast-wedges  similarly  placed  and  connected  by  medullary  ray-tissue.  This 
type  of  structure  originates  in  the  following  marmer.  At  first  the  wood  con- 
tains four  wedges  of  bast,  but  during  the  further  growth  in  thickness  the  strips 
of  cambium  opposite  the  projections  of  the  wood  and  adjoining  the  bast- 
wedges  become  extended  until  they  coalesce;  they  then  enclose  the  four 
original  bast-wedges  by  producing  medullary  ray-tissue  at  these  places, 
and  the  cambium  belonging  to  the  bast-wedges  ceases  to  divide ;  subsequently 
the  formation  of  new  wedges  of  bast  takes  place  on  the  same  radii,  and  so  on. 
I  may  add  that  the  structural  features  occurring  in  PUkecocUnium  are  also 
shown  (a)  by  a  liane  from  Southern  Brazil,  figured  by  Fritz  Miiller,  and  described 
as  Haplolophium,  in  which,  moreover,  secondary  zones  of  growth  also  appear 
in  the  cortex,  and  (6),  according  to  Bureau,  by  stems  of  the  genus  Disttctis^ 
possessing  4,  8,  16,  &c.,  bast-wedges,  which  arise  successively  and  have  a  step- 
like structure. 

The  second  anomaly  occurring  in  this  Order  consists  in  the  appearance 
of  secondary  zones  of  growth  in  the  cortex.  The  genera  showing  this  feature 
at  first  exhibit  growth  in  thickness,  accompanied  by  the  formation  of  furrows 
as  in  the  first  type,  but  subsequently  new  strands  of  wood  and  bast  arise  in 
the  secondary  cortex  (according  to  Van  Tieghem  in  the  pericyde),  and  grow 
in  thickness  by  means  of  cambial  tissue  between  the  wooa  and  bast.  Accord- 
ing to  Bureau,  the  following  genera  exhibit  this  anomaly:  CaUichlamys,  Miq., 
with  four  furrows  of  equal  breadth  in  the  original  mass  of  wood,  and  additional 
zones  of  growth  Umited  to  one  side  of  the  stem  ;  Glazuma^  Bureau,  and  Haplo* 
lophium,  Cham.%  both  with  successive  formation  of  wedges  of  bast  (4,  8,  16, 
&c.),  in  the  central  mass  of  wood,  and  concentric  zones  of  growth  in  the  cortex. 
Xylem-groups,  arising  secondarily  in  the  secondary  phloem,  but  not  so  well 
developed  as  in  CaUichlamys,  &c.,  are  found  in  Doxaniha  capreoUUa^  Miers 
(according  to  Bureau  and  Jussieu),  and  in  DisHctis,  Mart,  (according  to  Bureau); 
in  the  last  of  these  plants  they  lie  opposite  the  furrows. 

The  third  anomaly  is  that  in  which  the  mass  of  wood  exhibits  fission, 
and  this  can  naturally  only  be  observed  in  stems  of  sufficient  age  (Fig.  142,  C). 
Wedges  of  bast  are  also  originally  present  in  the  species  exhibiting  this  anonialy. 
The  subsequent  fission  takes  place  by  dilatation  and  cell-division  in  the  pith 
and  in  the  parench3mia  of  the  wood.  Bureau  states  that  this  type  is  found 
in  the  following  cases:   (i)  Bignonia^  Bur.*;   (2)  Doxaniha  capreouUa^  Miers ^; 


'  Compare  also  the  stems  of  CfyiosUma  and  of  certain  nndetenntncd   BignooicM  fignitd  by 
1 1.  SchcncJc,  and  the  statements  of  Criiger  and  P.  Schnltt,  dted  by  Schenck. 

*  Compare  also  Boreau*s  synopsit,  which  b  given  below  at  the  end  of  th«  deMripCion  of  the 
a;K>malics  (p.  608). 

'  See  also  H.  Schenck,  loc.  dt.,  with  regard  to  the  liane,  HapUhpkium,  ewmincid  by  him  and 
\  >  Frill  Muller. 

*  For  further  statements  in  the  literature  with  reference  to  this  gennt,  mt  H.  Schenck,  loc  dt. 
'  Also  according  to  Jossien  and  De  Baiy. 
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(3)  Melloa,  Bur.  According  to  K.  Schumann  (loc.  cit.»  p.  200)«  ParabigmmU 
and  Dolichandra  must  '  probably '  be  added  to  these  examjdes ;  and  also 
Macfadyena,  since  in  a  more  recent  paper  by  H.  Schenck  (xSqs).  the  plant 
possessing  the  structure  shown  in  Fifi;s.  162  and  163  in  his  '  Lianenanatomie ' 
(originally  described  as  Bignonia  caiharinensis^  and  subsequently  as  Bignania 
exoUtay  Veil.,  by  K.  Schumann  in  the  Natiirliche  Pflanzenfamilien,  p.  200, 
note),  is  determined  as  Macfadyena  mollis  (Sond.),  K.  Sch.,  while  the  plant, 
of  which  the  structure  is  figured  by  H.  Schenck  in  Fig.  164  (originally  described 
as  Bignonia  unguis)y  should  probably  be  referred  to  M.  denUUa^  K.  Sch. 

The  fourth  and  last  anomaly  consists  in  the  occurrence  of  two  arcs  of  vas- 
cular bundles  at  the  margin  of  the  pith,  showing  inverse  orientation  of  the 
wood  and  bast,  as  compared  with  the  normal  ring  of  bundles.  This  anomaly 
is  characteristic  of  the  genus  Campsis  with  C.  radicans^  Seem.  {Tecoma  radicans) 
and  C.  grandiflora  (Thunb.),  K.  5ch.  {Tecoma  adrepens).  This  has  long  been 
known  in  the  case  of  Cantpsis  radicans  (Sanio),  and  in  the  second  species  it 
was  observed  by  Hovelacque.  Other  species,  formeriy  referred  to  the  genus 
Tecoma,  such  as  T.  capensis,  Thunb.  {now=zTecomaria  capensis.  Fend),  do 
not  possess  these  medullary  bundles.  J.  E.  Weiss  has  shown  that  the  m^ul- 
lary  bundles  of  Campsis  radicans  are  merely  continuations  of  those  of  the 
normal  peripheral  ring,  since  the  leaf-traces,  after  running  through  two  inter- 
nodes  in  the  outer  ring,  curve  into  the  pith  at  the  next  node,  whibt  undergoing 
a  torsion  through  180°.  H^rail  and  Hovelacque  dispute  thb  statement, 
because,  according  to  them,  the  development  of  the  meaullary  bundles  takes 
place  at  a  relatively  late  stage. 

Anomalies,  similar  to  those  of  the  axis,  also  occur  in  the  root  of  the  Bigpo- 
niaceae,  as  may  be  seen  by  reference  to  Schenck's  summary  on  this  subject.  Fre- 
quently the  same  anomaly  that  occurs  in  the  axis  is  repeated  in  the  root  {Amphtdi}- 
ihium  paniculatum,  H.B.K.,  Doxantha  capreolata,  Bliers,  PyrosUgia  t^iMM,  Wesl, 
having  furrows  in  the  wood  of  the  root  according  to  Avetta),  but  this  is  not  to  in 
other  cases  (species  of  Campsis,  Tecomaria,  and  PxihecocUnium  according  to  Avetta). 
The  investigations  on  this  point,  however,  are  by  no  means  complete,  for  the  number 
of  roots  hitherto  examined  is  far  too  smaU,  and  many  of  tnem  were  not  suffi- 
ciently old.  The  occurrence  of  wedges  of  bast  in  the  wood  of  the  root  b  also 
mentioned  by  Criiger  in  the  case  of  some  species  of  Bignonia,  and  fi»aoD  of  the  mass 
of  wood  by  Bureau  in  swollen  tuberous  roots  of  Bignonia  unguis  and  B.  Tmemhmus. 

To  conclude  the  description  of  the  anomaties  I  will  foDow  the  example 
set  by  De  Bary  and  K.  Schumann  by  reproducing  Bureau's  conspectus  of 
the  anatomical  generic  characters  of  the  stems  of  the  American  Bignoniaceous 
genera  (approximately  in  the  words  of  De  Bary's  translation) ;  in  this  review, 
moreover,  not  only  the  anomalies  in  the  stem-structure  are  considered,  but 
also  special  structural  features  presented  by  the  wood,  cortex  and  cork,  as 
well  as  the  shape  of  the  entire  stem. 

A.  Stem  only  possessing  four  wedges  of  bast. 

{a)  Bast-wedges  of  uniform  breadth,  or  showing  uniform  widening  from  within 
outwards, 
(a)  No  new  formation  of  fibro vascular  tissue  in  the  cortex. 

I.  Surface  of  cortex  invariably  provided  with  thin  cork-tissue,  even  in  old 

stems  :  Arrabidaea, 

II.  Surface  of  cortex,  in  old  stems,  with  thick  cork-tissue :  Pmwmgonia, 
(3)  Secondary  formation  of  fibrovascular  tissue  in  the  cortex,  giving  rise  to 

one-sided  zones  of  growth :  Cailichlamys, 
(6)  Bast- wedges  (in  the  transverse  section)  widened  externally  in  the  form  of 
steps, 
(a)  Stem  cylindrical  or  angled,  without  groov'es  in  the  angles. 
I.  Cortex  without  stone-cells. 

*  Steps  of  the  bast-wedges  broad,  i.e.  of  the  width  of  several  of  the 
radial  strips  of  wood,  separated  by  smaU  medullary  imya. 
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I.  Stemc^Hndrical  or  scarcely  four-anjgled ;  bast-wedges  remaining 
of  umform  breadth  lor  a  long  time,  subsequenUy  with  high 
irregular  steps :  Psiastoma. 

3.  Stem  cylindrical,  with  dehcate  longitudinal  furrows,  subse* 
quently  thrown  ofi ;  steps  of  the  bast-wedges  appearing  late, 
broad  and  few  in  numbor :  SHtothyUum, 

3.  Stem  cylindrical*  with  four  narrow  furrows  ;  bast-wedges  broad  ; 
steps  present  at  an  eaiiy  stage,  and  as  broad  or  broader  than 
their  height :  Cuspidarta. 

4«  Stem,  at  least  when  old,  four-angled  ;  cortex  uneven  with  many 
lenticels ;  bast-wedges  with  regular  steps,  and  broad  medullary 
rays  between  the  bands  corresponding  to  the  steps :  Tynanihus, 
*^  Steps  narrow,  Le.  not  broader  than  the  interspace  between  two  me- 
dullary rays  of  the  wood  ;  stem  cyhndncal :  Fridnicia. 
II.  Cortex  with  stone-cells. 

1 .  Stem   somewhat   flattened   opposite    the   bast-wedges ;     bast- 

wedges  short,  only  slightly  widened  ;  steps  not  broader  than 
the  uterspace  between  two  medullary  rays  of  the  wood ;  stone- 
cells  scanty  in  the  primary  cortex,  and  scattered  in  the  zone  of 
the  primary  hard  bast :  Tanaecium. 

2.  Stem  cyhndncal ;   steps  of  the  bast-wedges  not  numerous ;    a 

ring  of  stone-cells  of  several  layers  in  the  outer  portion  of  the 
primary  cortex :  Adenocalymna. 
03)  Young  stem  with  four  projecting  ridges,  corresponding  to  the  bast- wedges, 
and  containing  bunoles  of  mechanical  tissue ;    the  ridges  are  subse- 
ouently  thrown  off  owinf  to  cork-formation,  and  are  replaced  by 
oistinct  grooves  ;  steps  of  the  bast- wedges  broad,  irregular :   PUano- 
toma, 
(c)  Bast-wedges  locally  constricted  owing  to  tangential  extension  of  the  pro- 
duction of  wood ;   young  stems  octagonal  with  mechanical  tissue  in 
the  angles ;    older  stems,  after  these  angles  have  been  thrown  off, 
cyhndncal ;  cortex  thick  :  Pithecoctenium, 
B.    Between  the  primary  bast-wedges  others  arise ;   there  are  thus  successively  4, 
8f  16,  32,  &c,  bast-wedges  in  stems  of  different  ages. 
(«)  Xylem-mass  without  subsequent  formations,  consequently  remaining  un- 
altered, 
t  Formation  of  secondary  ffbrovascular  strands  in  the  cortex  does  not 
take  place. 
(•)  Young  shoots  cyhndrical,  without  angles. 

I.  Stone-ceUs  in  the  primary  cortex  and  very  numerous  in  the  outer 

portion  of  the  bast ;  bast- wedges  with  irregular  steps :  Phrygmnocydia. 

II.  Stone-ceUs  wanting  in  the  primary  cortex. 

*  The  first  four  bast- wedges  long  and  narrow,  the  remainder  short  and 

broad ;  cortex  with  a  red  colouring  matter :  Cydista. 
**  All  the  bast- wedges  alike ;  cortex  without  the  red  colouring-matter. 

1.  Stem  twisted  Uke  a  rope,  with  eight  projecting,  rounded  edges ; 

bast-wedges  of  successive  ages  diffenng  Uttle  m  length,  all  very 
narrow  and  with  few  steps,  the  first  four  having  broad  medullary 
rays  in  their  outer  portion  :  PyrosUgia, 

2.  Stem  not  twisted  hke  a  rope  ;  wood  very  dense,  with  very  narrow 

fibres  and  vessels;  bast-wedges  very  numerous,  with  high, 
broad,  irregular  steps ;  medullary  rays  between  the  middle  and 
the  lateral  lamellae  of  a  bast-w^ge,  scarcely  broader  than  the 
rest ;  pith  very  narrow  :  Civtostama, 

3.  Stem  not  rope-uke  or  scarcely  so ;    wood  loose,  porous ;   steps 

of  the  bast-wedges  very  few ;  medullary  ra>'s  between  the  middle 
and  the  lateral  lamellae  of  a  bast- wedge,  strikingly  broad ;  pith 
broad,  the  central  portion  disappearing  :  Anemopasgma. 

4.  Stem  not  rope-Uke ;    numerous  bast-wedges  with  very  narrow 

steps,  and  a  broad  medullary  ray  on  cither  side  of  thetr  middle 
lamella :  Lundia. 

5.  Stem  twisted  hke  a  rope  ;    wood   vnih  large  vessels ;    bast- 

wedges  traversed  tangentially  at  certain  points  by  woody  tissue ; 
u  R  r 
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occasionally  (ft)  secondary  formation  ol    fibrovaacular  strands  in 
the  cortex  opposite  the  bast-wedges  :  DisHctis. 

(3)  Young  shoots  with  six  edges  formed  by  groups  of  mechanical  ceUs*  and  subse- 
quently thrown  off,  leaving  a  cylindrical  stem;  cortex  thin;  nnmerous 
very  unequal  bast- wedges  with  irregular  steps :  Ampkiiopkium. 
tt  Stem  with  concentric  rings  of  growth  arising  in  the  cortex. 

(it)  Stem  not  twisted  like  a  rope,  or  scarcely  so ;  medullary  rays  of  almost 
uniform  breadth :  Haplolopkium. 

(S)  Stem  twisted  like  a  rope  ;  medullary  rays  of  very  unequal  breadth  :  GUit- 
ovia. 

iy)  Cf.  DisHctis. 
{b)  Internal  portion  of  the  wood  split  up  by  subsequent  intercalary  formations 
of  parenchyma,  wood  and  bast. 

(a)  Wood  with  annual  rings  ;  segments  due  to  cleavage  few  ;  their  bast  con- 
tains bundles  of  wood,  at  first  fan-shaped  in  transverse  section,  sub* 
sequently  rounded  ofi :    Doxantka, 

(3)  Wood  without  annual  rings  ;  segments  due  to  deavase  numerous,  sbomin^ 
repeated  fission,  and  with  newly-formed  parenchyma  between  them  : 
the  segments  occupying  the  middle  of  the  stem  are  turned  in  aU 
directions. 

1 .  Seements  of  the  wood  in  the  middle  of  the  stem  triangular,  undi\ided, 

the  remainder  dichotomously  divided  :   Meiloa. 

2.  All  the  segments  of  the  wood,  the  outer  as  well  as  the  inner,  dichoto- 

mously spUt :   Bignonia, 

In  Bureau's  review,  as  given  above,  we  see  that  a  number  of  the  ordinary 
structural  features  of  the  wood  and  cortex  are  mentioned  and  employed  syste- 
matically, such  as  the  breadth  of  the  medullary  rays,  width  of  the  lamina 
of  the  xylem-vessels,  the  occurrence  or  absence  of  stone<eUs  and  of  bundles 
of  sderenchynia  in  the  primary  cortex.  It  now  remains  for  us  to  give  a  short 
connected  review  of  the  general  structural  features  of  the  wood  and  cortex^ 
but  it  is  necessary  to  point  out  that  the  results  hitherto  obtained  in  this  direc- 
tion are  based  on  the  investigation  of  very  limited  material. 

In  my  *  Hol2struktur '  I  pointed  out  the  following  features  on  the  basis 
of  my  investigation  of  only  five  representatives  of  the  Order  {Dox^nUkm  capreo- 
/o/a, Miers,  Pithecoctenium  clemaiideum^  Griseb.,  Caialpa  Bungei^  C  A.  Mey., 
Tecomaria  capensis^  Fenzl  and  Jacaranda  filicifolia^  Don).  A  tnnsversc 
section  of  the  wood  shows  medullary  rays  of  no  great  breadth,  and  vessels 
with  lumina  of  varied  size  (maximum  mameter = -036-— 158  mm.').  The  vessels 
in  general  have  simple  perforations  ;  in  the  large  vessels  of  Cmmpsis  mdicum^ 
reticulately  perforated  cross-walls  occur  side  by  side  with  simple  performtions 
(Rodham).  There  are  generally  only  bordered  pits  on  the  ve»d*walb  in 
contact  with  parenchyma  of  the  medullary  rays,  out  in  Caialpa  Bummri  thtr^ 
are  simple  pits  as  well.  Spiral  thickening  has  been  observed  00  Uie  mJk 
of  the  vessels  and  tracheids  in  Doxaniha  capreoUUa,  The  wood-prosenchyma 
bears  simple  pits,  or  pits  with  a  small  and  indistinct  border  ;  septation  of 
the  lumen  is  to  be  found  here  and  there  in  the  species  of  Doxmtiha^  Piike- 
cocltnium,  and  Tecomaria  mentioned  above.  According  to  HdhneU  tier-hke 
structure  of  the  wood  occurs  in  Bignonia  brasUiana^  Lam.,  B.  ckrysaniha^  J<^  • 
and  Tecoma  speciosa,  DC. ;  this  depends  on  the  arrangement  of  the  medullary 
rays  in  tiers  in  the  tangential  section,  and  partly  also  on  the  mode  of  arrangement 
of  the  remaining  elements  of  the  wood.  With  regard  to  the  structure  of  the 
cortex,  the  following  statements  may  be  made ;  they  are  chiefly  derived  from 
Moller's  work.  The  cork  generally  develops  immediately  below  the  epidermis, 
e.  g.  in  Cataipa,  according  to  Sanio,  in  Caialpa  bignanundes^  Walt.,  jacmMmia 
ovalifolia,  R.  Br.,  Oroxylum  indicum.  Vent.  {Bignonia  penUndra^  iJour.),  and 


'  Ve&scls  having  a  diameter  of  as  much  as  -jy  mm.  have  however  been  olisened  la  the  (Mcr. 
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CrescenUa  CujeU^  L.,  according  to  MoUer;  more  rarely  it  arises  scHnewhat 
deeper  in  the  primary  cortex,  e.g.  in  Tecoma,  The  cork-cells  always  have 
wide  lamina  and  usually  have  thin  walls.  The  primary  cortex  is  either  collen- 
chymatous,  as  in  Caialpa  bignonioides^  or  thin-walled,  as  in  Jacaranda  ovali" 
folia.  In  Bureau's  review,  reference  has  already  been  made  to  the  presence 
of  stone-cells,  or  sometimes  of  a  ring  of  stone-cells  in  the  primary  cortex,  and 
to  the  occurrence  of  sclerenchymatous  strands  in  the  same  tissue  in  the  angular 
branches  of  PUanotoma^  PitnccocUnium^  and  HapMopkium,  At  the  outer 
limit  of  the  phloem  there  are  groups  of  primary  hard  oast,  which  vary  in  the 
extent  of  their  development,  but  a  composite  and  continuous  sclerenchy- 
matous ring  is  never  present.  The  secondary  bast  shows  a  tendency  to  be 
stratified  into  hard  and  soft  bast.  A  similar  stratification  is  found  in  the 
bast- wedges  in  the  wood,  and  these  portions  of  the  phloem  are  further  dis- 
tinguishc^d  by  the  Dossession  of  sieve-tubes  with  very  wide  lumina. 

According  to  Mentovich,  the  pith  is  homogeneous  in  Campsis  radicans^ 
where,  unhke  the  pith  of  most  tropical  Bignoniaceae,it  consists  of  unlignified  cells. 

Litermtore:  Jvadtn,  Monogr.  des  MAlpighiao^es,  Paris,  1843,  p.  119. — Mcttenias,  Baa  der 
BigDosks,  linna—,  Bd.  xix,  1846,  p.  (67.— -Criiger,  in  BoL  Zeit.  1850,  p.  108.— Barean,  Monogr. 
dn  a  etc,  Paris,  1864,  pp.  120  and  161  ct  ko.— Sanio,  in  Bot.  ZeiU  1864,  pp.  61  and  laS.— FnU 
MdUcr,  Kktterpfl^  Bot.  Zdt.  1866,  p.  66  and  Tab.  iU.— Bmcao,  Caractercs  tir^  de  la  itnict  de  la 
tiffc  poor  la  dasail  det  K,  Ball.  Soc.  bot.  de  France  187a,  pp.  14-ao.— Martinet,  in  Ann.  tc  oat, 
wtr.  L  L  liT,  187a,  pi.  13.— Moller,  Holianat,  Dcnkschr.  Wiener  Akad.  1876,  pp.  60-1  and  356.— 


Rdnke,  fai  Pringibeim  Jahrb.,  Bd.  x,  1876,  p.  153  and  Talx  xii.— De  Bary,  Vergl.  Anat,  1877.— 
Molkr,  Riadenanat.,  i88a,  pp.  1 83-9.— J.  E.  Weiss,  Markst  GefassbUndelsyvt.,  Bot.  Centralbl.  1883, 
i^  Pf^  ^3  *nd  3>S  ^  "^-f  ^<^^  i.— Ilohnel,  Stockwerkart.  aafg.  HoUk.,  Sitx..Ber.  Wiener  Akad., 


Bd.  faocdx,  Abt.  l,  1884,  p.  4I.— Johow,  in  Pringiheim  Jahrb.,  Bd.  xr,  1884,  p.  309.— P.  Schalx, 
Aoom.  DickcnwachiL  ▼.  aigm^mia  aequimociialist  Mora  1884,  pp.  198-304. — Vesqoe,  Gamop^tales, 
Ann.  sc.  naL,  i^r.  7,  t.  i,  1885,  pp.  3i7-36.~Il^rail,  in  Ann.  sc  nat.,  i^.  7,  t  ii,  1885,  pp.  355  and 
" "" last  ifi" 


p.  780.— Jioicrcder,  Holxatr.,  1885,  pp.  195-7.— O.  Bachmann,  Schildh.,  Flora  1886,  sep.  copy, 
pp.  j6-7  and  Tab.  ix. — Morini,  Nett.  cstranax.,  Mem.  Accad.  Bologna  1886,  pu  355  and  Ut.  iv. — 
Pirotta,  .SlerocrtitalU  del  PithetocUnium,  Ann.  dell'  1st.  boL  di  Roma,  1886,  16  pp.— Radlkolier,  in 
SitL-Bcr.  Miinch.  Akad.  1886,  p.  3  note  and  p.  335.— [AvetU,  Anomalie  di  stnittan  nelle  radid  etc.. 
Ana.  dcU'  1st.  bot.  di  Roma  1887,  p.  7<] — Hovclacqae,  Coins  lib^riens  des  B.,  Conpt.  rend.,  L  or, 
i8t7,  4  pp.— Petit,  Petiole,  M^m.  Soc  sc.  phrs.  et  nat  de  Bordeaox,  wht,  3,  L  iii,  1887,  pp.  351-3 
and  pL  r\. — Baccarini,  Sferocristalli,  Malpighia,  vol.  ii,  1888,  pp.  1-9.— HoYelaoqae,  CaracL  anat. 
ffte^rasx  de  la  tige  des  B.,  BolL  Soc.  d*todes  sdentif.  de  Paris,  T.  xi,  18S8,  7  pp.,  and  Appareil 
v<^ftetif  des  B.  etc,  Paris,  1888,  pp.  5-373.— T>oaliot,  P^ridcrme,  Ann.  sc  nat.,  i^.  7,  t.  x,  1889, 
ppk  38t-a.^Volkens,  Lack.  BL.  Sitx.-Ber.  deatsch.  bot.  Gesellsch.  1890,  p.  130.— Rodham,  Gcfaas- 
<femet«,  Stts.-Ber.  deatsch.  bot.  Gesellsch.  1890,  p.  188  et  seq.— Rosa,  Periderma,  Malpifhia,  vol. 
hr,  189^1,  p.  97. — Zimmermann,  PAanzenielle,  3.  Heft,  1891,  p.  137. — IL  Schenck,  Anat.  d.  Liancn, 
18911,  MX  aia-37  and  354  et  seq..  Tab.  xi  xiL— K.  Schamann,  in  Natiirl.  Pflanienfam..  iv.  Tdl,  Abt. 
3I1,  1S94,  pp.  193-JO4.— Habcrlandt,  Trop.  Laabbl.  II,  Siu.-Ber.  Wiener  Akad.,  B(L  dii,  Abt.  1, 
1894,  p.  tti  et  seq.  and  Tab.  ii.— Lx)escner.  in  Boll,  de  llicrbier  Boissaer,  vol.  iii,  1895,  P-  ^>9  *^ 
pL  17.— It  SchcDck,  Zcrkliiftnn^srorg.,  Jahrb.  f.  wiss.  Bot,  Bd.  xxTii,  1895,  pp.  604-7.— Boieao 
aad  Schamann.  in  Flora  brasiL  Tiii,  3,  1896-7,  pp.  6  to  10  and  Tab.  70,  71  and  11  a. — [Hill,  Root« 
of  Biimmuij  Ann.  of  Bot.  1898.] 

PEDALINEAE. 

This  small  Order  is  almost  entirely  composed  of  herbaceous  species.  It 
is  distinguished  anatomically  by  two  characters,  viz.  the  lack  of  a  special 
type  of  stonia,  and  the  occurrence  of  glandular  hairs,  the  heads  of  which  are 
invariably  divided  by  vertical  walls  only,  but  in  other  resj^ects  varyin  differen- 
tiation and  shape.  Oxalate  of  lime,  when  present,  is  excreted  in  the  form  of 
small  bodies  resembling  clustered  crystals,  and  in  that  of  small  solitary  crystals 
(e.  g.  abundantly  in  the  mesophyll  of  Martynia  diandra^  Glox.,  or  Rogeria  adeno- 
pk^U^  Gay) ;  more  rarely  (in  the  axis)  it  occurs  in  the  form  of  large  clustered 
or  solitary  crystals.  The  structure  of  the  wood  in  the  species  investinted 
(Pedslittm  sp.,  Hildebrandt,  n.  3406,  Madagascar  ;  Rogeria  adenophyUa^  uay ; 
Sr$ammm  indicMn^  L.)  shows :   (a)  either  no  broad  medullary  rays,  or  rather 
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broad  rays  here  and  there  only ;  (b)  vessek  with  rather  large  lomina  (diameter 
as  much  as  -06  nrni.),  simple  perforations,  and  bordered  pits  in  contact  with 
parenchyma ;  and  (c)  wood-pro8ench)rma,  with  relatively  wide  lamina,  and 
bearing  simple  pits. 

Amongst  the  glandular  trichomes  we  must  specially  describe  the  mucilage- 
hairs  (Fig.  143),  which  were  first  discovered  by  F.  W.  Oliver  in  the  genera 
Trapdla^  Pedalium^  and  Pretrea,  and,  according  to  Stapf,  are  probably  charai  • 
teristic  of  the  whole  of  his  Family  PedaUaceae.  This  includes  the  Tribes  Pedalieat% 
Sesameae  and  ^treae  of  Bentham  and  Hooker,  and  also  the  genus  Trmpeli^. 
but  excludes  the  Tribe  Martynieae.  In  the  Uterature,  however,  only  Pedalium^ 
Josephinia^  Pretrea  and  Trapella  have  been  actually  described  as  possessim; 
mucila^e-hairs ;  to  these  I  can  add  Sesamum  (5.  indicmn^  L.),  R^erui  {R. 
adenophylla,  Gay)»  and  CeraMheca  (C.  melanosperma,  Hochst.)  from  my  own 
investigations.  The  mucilage-glands  in  question  are  capitate  hairs,  the  stalk 
being  usually  represented  by  a  single  short  cell,  although  it  may  exceptionally 
(e.g.  in  Rogeria  adenophylla  on  the  veins  of  the  leaf)  be  longer  and  multicellular : 
the  head  is  peltate,  and  consists  of  four  (in  isolated 
cases  also  of  5-^)  cells,  which  are  arranged  like  a  cross 
their  walls  projecting  convexlv  at  the  margin  of  the 
head.  The  mucilage,  contained  in  the  cells  ol  the  head 
and  occupying  the  greater  part  of  the  lumina,  arises  by 
the  metamorphosis  of  the  cellulose-walls,  which  are 
covered  by  a  delicate  cuticle  ;  in  the  mature  and  func- 
tional gland  the  lumen  of  the  glandular  cells  is  repre- 
sented by  quite  a  smaU  space,  which  is  filled  with  the 
remains  of  the  protoplast.  The  shortly  stalked  mucilage- 
hairs  are  sometimes  present  in  such  laive  numbers  on 
the  lower  side  of  the  leaves,  that  the  suruce  appears  tf> 
Pio.  i4>  MaciiM-iMdrofSir.  be  covered  with  white  grains.  In  addition  to  modlage- 
s^mMm^md^m^i^-onttoMi.  y^^^  ScsamufH  indicufH  and  Ceraioihecm  nuUmnparma 
possess  glandular  trichomes  of  a  different  type,  viz.  hairs  with  a  long  tiniscriate 
stalk  and  a  spherical  or  turbinate  head  ;  the  stalk  is  generally  composed  of  long 
cells  at  the  base  graduating  into  shorter  cells  above ;  while  the  Imid  is  divided 
by  one  or  a  few  vertical  walls  into  celk  resembling  a  palisade  in  aide>vie« . 
Similar  glandular  hairs  with  long  stalks  are  met  with  amonet  the  Martynieae 
(in  which  no  mucilage  glands  are  present),  in  the  species  Mariytmm  dmndra. 
Glox.,  and  Craniolaria  annua,  L. ;  in  the  latter  plant  the  daodolar  beads 
are  distinguished  by  having  a  relativelv  large  number  of  palisadr-celb  and 
a  depressed  apex.  Other  external  glands  with  a  short,  nnicellnlar  stalk,  but 
with  a  head  of  the  same  structure  as  in  the  ^ands  with  long  stalks,  are  found 
in  Martynia  and  Craniolaria,  Gothing  hairs,  in  the  form  of  usually  long. 
uniseriate  trichomes  with  wide  lumina,  have  been  observed  on  the  kmf  in  Mar- 
tynia  diandra^  Craniolaria  annua,  Sesamum  indicum,  and  CeraMhecm  muiano' 
sperma;  hairs  with  a  vemicose  surface  and  wide  lumina  and  mostly  com- 
posed of  one,  more  rarely  of  two,  cells  are  found  on  the  upper  side  of  the  lea! 
in  Roperia  adenophylla. 

We  may  add  the  following  statements  regarding  the  atomafa,  In  mo^t 
of  the  sjpecies  investigated  {Martynia  diandra^  Pedalium  sp.,  Rogmm  mdemo- 
thylla,  Sesamum  indicum)  the  stomata  are  found  on  both  sides  of  the  leaf. 
but  in  Craniolaria  annua  only  on  the  lower  side.  The  submerged  leaves 
of  Trapella  sinensis,  Oliv.,  bear  no  stomata,  but  the  deltoid  Soatiog  leaves  of 
the  same  species  develop  stomata  on  the  upper  side  (Oliver).  Each  pair 
of  Ruard-cells  is  generally  surrounded  by  an  indefinite  number  of  onfinar)' 
epidermal  cells  ;  but  sometimes  (upper  side  of  the  leaf  in  Rogerm  mimncpkyUe) 
three  subsidiary  cells  are  more  or  less  distinctly  differeatiaML    In  TvafeUj 
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the  leaves  of  both  types  possess  peculiar  water-pores  in  the  form  of  small 
openings,  which  are  situated  in  the  indentations  between  the  crenatioiis  of 
the  margin,  and  arise  by  the  separati<m  of  epidermal  odls ;  beneath  the  water- 
pores  there  are  terminations  of  vascular  bundles,  provided  with  an  epitbema 
of  small  cells  (Oliver). 

I  may  add  a  few  remarks  to  the  statements  made  above  regarding  the 
structure  of  the  axis.  The  pith  of  Pedalium  sp.  shows  septation  without 
sclerosis.  In  the  pericyde  sderenchymatous  groups  cooaposed  of  bast-fibres 
(Sesamum  indicum),  or  of  bast-fibres  and  stone-cells  {Ragma  aienophylU) 
are  sometimes  present ;  in  Pedalium  sp.  there  is  no  sderencfayma  in  the  peri- 
cycle.  The  formation  of  cork  has  only  been  observed  in  Pedalium  sp.,  mere 
it  takes  }dace  subepidermally.  Regarding  the  aouatic  plant  Trafeua^  CNiver 
mentions  that  the  stem  contains  a  smaU  centrally  placed  vascular  cylinder, 
which  encloses  a  pith  consisting  of  a  few  cells,  and  is  separated  from  the  lacunar 
cortex  by  an  enckxlermis. 

Litenture:  Maitinci,  in  Am.  ic  BftL,  wit.  5,  t  zhr,  i87a,  p.  15K  tad  pL  l$«— F.  W.  Olhcr, 
Th^Um,  Ann.  of  Boc,  tol.  ii,  i8S8»  pp.  75-115  mad  pL  t-Iz.— ^Supi;  in  NatiliL  PtoMwifiiw.,  W. 
Tdi,  Abt.  3  bf  1895,  pp.  2S4  <uk1  a&j. 

ACANTHACEAE. 

I.  Review  of  the  AsATOsacAL  Features.  The  following  anatomical 
characters  may  be  said  to  be  common  to  the  members  of  this  Order :  {a)  a  uniform 
type  of  stoma,  the  stomata  being  invariably  accompsmied  by  subsidiary  cells, 
which  are  placed  transversely  to  the  pore  (Fig.  144,  ^4) ;  (A)  the  occurrence 
of  glandular  hairs,  in  which  the  head  is  either  panduriform  and  l»cellular, 
owing  to  the  presence  of  a  vertical  wall  (Thunbeigieae),  or  disc-shaped,  and 
then  unicellular  or  multicellular  with  vertical  walls  (see  Fig.  144,  B  ana  Z)) ;  (c) 
simple  perforations  in  the  vessels,  narrow  medullary  rays,  and  wood-pros- 
ench\ina  bearing  simple  pits  and  sometimes  septate.  Cystcdiths  are  very 
widely  distributed,  and  are  characteristic  of  certain  divisions  of  the  Acantha- 
ceae ;  their  shape  as  well  as  their  occurrence  in  d^nite  tissues  of  the  leaf 
(epidenms  or  mesophyll),  may  be  employed  for  the  purposes  of  detailed 
classification  within  the  Orcfer  (see  Fig.  144,  C-/).  OScalate  of  lime  is 
excreted  in  the  form  of  small  prismatic  or  adcular  crystals.  In  addition 
to  the  glandular  hairs,  clothing  hairs  are  present,  and  are,  for  the  most  part, 
of  the  ordinary  simple  uniceUular  or  uniseriate  type ;  special  forms  of  tricbofnes, 
such  as  unicellular,  two-armed  hairs  (sect.  Somalia  of  the  genus  BaHena)  or 
candelabra-hairs  (species  of  Barleria^  Rudlia  discifolia^  (Mv\  are  rare.  In 
the  bast,  in  many  members  of  the  Order,  there  are  cells  with  mdt  lumina,  fiDed 
with  acicular  fibres  (raphidines),  which  have  hitherto  only  been  observed 
in  this  Order  (see  Fig.  146).  Finally,  in  a  number  of  spedes  the  stem 
possesses  anomalous  structure.  The  species  of  Acanikus  have  vascular  bundles 
at  the  mar^n  of  the  pith,  with  the  wood  and  bast  inversely  orientated.  AmoDg 
the  Barleneae  the  genera  Barleria  (ind.  Somalia)^  BaHenda^  Lepidafaikis^ 
Lophostachys  and  Neuracanihus,  and  probably  also  Gtossochilus  and  Vol* 
kensiopkyion  are  distinguished  by  the  occurrence  of  intrai^lary  and  interxy- 
lary   phloem.    Intraxylary  phloem   alone  occurs  in  Nemma^  interxylary 

Chloem  alone  in  certain  species  of  Tkunbergia.  Another  group  of  spedes 
elonging  to  Tkunbergia  exhibits  wedges  of  soft  bast,  and  these  are  either 
given  off  internally  by  the  cambium,  and  subsequently  appear  as  interx^ary 
phloem  owing  to  their  endosure  in  the  wood  during  the  growth  in  thickness 
of  the  branch,  or  they  are  of  the  same  nature  as  the  wedges  of  soft  bast  in  the 
Malpighiaceae.  In  conjunction  with  the  occurrence  of  wedges  of  soft  bast, 
a  subsequent  fission  of  the  wood  takes  place  in  a  few  spedes  of  Thuubei^giM^ 
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in  Mendoncia  (Fig.  148),  and  Afrofmndoncia^  and  possibly  also  in  PseudacaJyx  ; 
further  in  these  species  of  Thunbergia^  Mendoncia^  and  Pseudocalyx  secondar>' 
masses  of  wood  and  bast  arise  at  the  margin  of  the  pith. 

2.  Structure  of  the  Leaf.  The  leaf-structure  of  the  Acanthaceae 
has  been  little  investigated.  Only  special  features,  chiefly  the  cystohths  an<i 
the  hairy  covering,  have  formed  the  subject  of  more  extensive  investigatioa^. 

Vesque  describes  bifacial  leaf -structure  in  the  species  examined  by  him. 
The  stomata  either  occur  only  on  the  lower  side  of  the  leaf,  or  on  both  side> ; 
they  probably  follow  the  Caryophylleous  type  in  all  cases,  the  pairs  of  guard- 
cells  being  accompanied  by  two  or  more  subsidiary  cells,  which  are  placed 
transversely  to  the  pore,  and  are  cut  off  by  similarly  placed  division-walls 
before  the  differentiation  of  the  mother-cell  of  the  stoma  (Fig.  144,  A),  Gela- 
tinization  of  the  epidermis  of  the  leaf  has  not  been  observed.  A  hjrpoderm 
composed  of  one  or  two  layers  of  large  cells  is  found  in  Acanihtis  ilicifalius^  L., 
according  to  Schimper.  Special  internal  secretory  organs  are  not  known  %iith 
certainty  to  occur  in  the  leaf,  or  in  the  other  organs.  Russow's  statement 
regarding  the  presence  of  intercellular  canals  fiUed  with  a  secretion  in  the  root 
of  Rhinacanthus  communis^  and  in  the  root,  stem  and  leaves  of  Jusiicia  picU^ 
requires  confirmation. 

Oxalate  of  lime,  when  present,  is  excreted  in  the  form  of  small  crystals 
which  may  be  acicular,  prismatic,  or  of  other  shapes.  In  the  leaf  it  is  found 
in  all  parts  of  the  mesophyll,  and  conunonly  also  (e.g.  Apkdandra^  DMvarut^ 
accordiing  to  Vesque)  in  the  epidermis,  or  {RuMia  farmosa^  acoMrding  to  Vesque) 
in  the  hairs  ;  in  the  axis  it  occurs  in  the  pith,  the  medullary  rays  of  the  wood 
and  bast^  and  in  the  primary  and  secondary  cortex. 

The  hairy  covering  consists  of  clothing  and  glandular  hairs.  The  clothing 
hairs  are  usually  simple  and  either  unicellular  or  uniseriate.  Hobein  states 
that  in  most  of  the  Barlerieae  investigated  by  him  there  are  unicelhilar  haip» 
with  thick  walls  and  a  narrow  canal-like  lumen  having  a  spherical  enlarge- 
ment at  the  base  of  the  hair  ;  in  Lepidagathis,  which  belong  to  the  same  sroap, 
uniseriate  hairs  with  unthickened  walls  occur  as  well,  whilst  in  BarUrioU  and 
Neuracanthus  unicellular  hairs  are  wanting.  The  same  author  deschbt-s 
long  uniseriate  hairs  with  strongly  thickened  walls  as  occurring  in  the  Apbe- 
landreae  (with  the  exception  of  Sienandrium) ;  these  hairs  consist  of  a  few 
short  basal  cells  and  a  long  terminal  cell.  According  to  Hobein,  the  Acantheae 
have  short  unicellular  or  bicellular  hairs,  the  walls  of  which  are  httle  if  at  all 
thickened ;  more  rarely  long,  uniseriate  hairs  with  walls  showing  the  same 
features  are  found  in  this  Tribe.  Trichomes  of  the  latter  type  are  Htso  mcx 
with  in  the  remaining  members  of  the  Order.  In  Thunbergia  {T.  frmgrans, 
Roxb.)  the  uniseriate  hair  springs  from  the  middle  of  a  group  of  basal  celL% 
which  are  siUcified.  Special  forms  of  clothing  hairs  are  rare.  The  following 
are  examples  :  (a)  the  unicellular,  two-armed  hairs,  characteristic  of  the  section 
Somalia^  Lindau,  of  the  genus  Barleria ;  (b)  the  candelabra-hairs  of  BmrlrrtiM 
Hildebrandtii,  Moore,  in  which  the  component  tiers  are  as  a  rule  formed  by 
two  cells  lying  side  by  side  ;  (c)  the  trichomes  of  BarUria  longifiorm,  L.f.  (accord- 
ing to  Radlkofer),  which  resemble  the  candelabra-hairs ;  and  (d)  perhaps 
also  those  of  Ruellia  discifolia,  Ohv.  (see  Hooker  Ic,  Tab.  15x1).  Glandular 
hairs  are  perhaps  of  eeneial  occurrence  in  the  Order.  They  are,  for  the  nK»t 
part,  small  and  shortly  stalked,  though  glandular  hairs  with  long  stalks  occur 
on  the  floral  organs,  according  to  Lindau.  According  to  the  shape  of  the 
head  two  types  of  hairs  may  be  distin£;uished.  In  the  first  type  the  head  is 
panduriform,  and  divided  into  two  cells  by  a  vertical  wall  at  riaht  angles 
to  the  longest  diameter  (Fig.  144,  B).  In  the  second  type  the  ^nonlar  head 
is  disc-shaped,  and  either  unicellular,  or  connposed  ot  a  varjruHMniniber  of 
cells  separated  by  vertical  walls  (Fig.  144,  D).    AcoordiQg  totfobcin,  the 
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paDdarifomi  ^ands  are  characteristic  of  the  Thunbergieae,  whilst  the  disc- 
shaped glands  occur  in  the  rest  of  the  Acanthaceae.    According  to  V^olkens, 


Fig. 


A.  Tjrpt  of  «oma  fo«nd  m  tlk«  Acantharcar. 
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Mrmim^nm^    J,  Cyidlith  of  S^mriktHt  mmerwcmgmii  (Wcea»AOt<gtea I.     '^    '^  ^^ 
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in  PeUdidium  linifoliwn^  Anders^  the  secretion  of  the  disc-shaped  gUnds  covers 
the  leaves  with  a  layer  of  varnish. 

Besides  investigating  the  hairy  covering,  Hobein  made  a  detailed  exaxnina* 
tion  of  the  distribution  of  the  cystoliths  in  the  leaf  of  the  Acanthaceae.  Certain 
divisions  of  this  Order  do  not  possess  cystoUths,  whilst  others  are  dis- 
tinguished by  their  presence,  and  may  be  chaxacterizad  in  some  cases  in  a  very 
satisfactory  manner  by  the  place  of  occurrence  or  the  special  shape  of  \\\t 
cystoliths.  Hobein's  table,  which  briefly  summarizes  the  results  of  his  in- 
vestigations in  this  direction,  is  given  below,  and  is  foUowed  by  a  few  remarks 
of  a  more  general  nature  on  the  cystoUths  of  the  Acanthaceae.  The  system 
of  classification,  followed  in  the  table  and  throughout  Hobein's  work,  is  that 
of  Bentham  and  Hooker,  with  a  few  emendations  introduced  by  Radlkofer. 

I.  Cystoliths  not  present :  Thunbergieae ',  Nelsonieae  ',  Acantheae  *,  .\phe- 

landreae\ 

II.  Cystoliths  always  present : 

1.  Cystoliths  never  contained  in  epidermal  cells  of  the  leaf,  but  always 

present  in  the  subepidermal  tissue  :  Ani$oU$  intulcus,  Neet,  Aikmlods 
vasica,  Nees,  Harpochilus  pkaeocar^uSt  Neet. 

2.  Cystoliths  always  present,  but  only  in  epidermal  oellt  of  the  leaf ; 

not  present  in  the  8ul)epidermal  tissue : 

A.  Double  cystoliths*,  i.e.  two  rounded  or  elongated  cyttoiitha  bekxig- 

ins  to  two  neighbouring  epidermal  cells ;  the  ends  of  the  cysto- 
liths, which  are  often  tfickened  in  the  fcnrm  of  a  duh,  are  tumed 
towards  one  another  (Fiff.  144,  C^D) :  Barkrieae  pro  parte,  >-ii. 
Periblema,  Crabbea  and  SarUria^  which  almost  without  exceptson 
have  double  cystoliths,  and  Lophosiackvs  and  BmrUnol^  which 
possess  both  double  and  simple  cystoliths,  the  former  in  smaller 
numbers ;  also  Lepidaeaihis  Urminalis,  Hochst.,  L.  f/Umimiosm^ 
Nees,  and  L.  scariosa,  Nees,  with  simj^  and  double  cystohths. 

B.  Cystoliths  always  lying  singly  : 

(a)  Round  cystoUths  (Fig.  144,  £-F)»  and  in  rare  cases  traositioiu 
to  elongated  forms,  which  are  blunt  at  both  ends: 
Asystasieae  pro  parte,  vix.  A  sy stasia^  Pseuderasthemeae  \ 
Andrographideae  \ 

{b)  Elongated  cystoliths  with  blunt  extremities,  more  rardy  round 
cystoliths  (Fig.  144,  G) :  Eujusticieae,  pro  parte,  vix. 
Monothecium/Haplanthefa^  Glocksria^  Sckwfmbtm^  Jushas 
{vnthHemichorisU^GetuUurussa^  Mansckmm^Amfkiicofits^ 
Rhapkidospara,  Anisostackya)^  Siphonogiossm^  adoftfotu. 
Isoglossa  Lepiostackya^  RkyHglassa  (with  traositiODS  to  the 
cystoliths  of  the  type  given  under  C),  AmiioUs^  AdkmSods^ 
RhifMcantkuSt  Cyrianthefa^  Sericogrmpkis^  Libomtm^  Hm- 
pochilus,  Schaueria,  Graptopkyilum  and  Tkyrsmcmmiktu  ; 
also  Lepidagathis^  Lopkosiackys  and  BmHsridm  (see  abo%*r 
II.  2  A). 

(c)  Elongated  cystoliths,  which  are  always  distinctly  pointed  at  one 
end  (Fig.  144,  H) :  Newacanihus  (but  the  fonn  of  tbr 
cystoliths  in  this  case  is  not  t3rpical) ;  CkmmuisrmmA^mum 
and    Herpetacanihus    (Asystasieae);    Eujustkieae    pm 


'  Species  olHejcaceniris,  Meytnia,  Tkunhtrgia,  Mtmdofuia  and  Fttmdtcmlyx  hftic  I 
it  is  a  very  noteworthy  fact  that,  according  to  Koulet  (loc  dt.,  p.  964^  7%umUrgi^ 
llochst,  has  cystoliths  in  the  epidermis  of  the  branch,  a  point  which  icqiiiiti  finClier  { 
'  Species  of  Efytraria^  NeUoma^  Ebermaiera  (with  Efythraeamtlms)  h«vc  beeo  c 
'  Species  of  BUpkaHs  (with  Acanthodium\  Acanthui  (with  ChHkpm  waA  ZMWmtm)  uA 
Crossandra  have  been  examined. 

*  Species  of  Aphtlamdra  ;,with  Strotnhrkatkis  and  La^kUmm\  Ctitsmmfim  (witll  fsj^'j— r*»' 
and  Sienandrium  have  been  examined. 

'  Sometimes  one  also  meets  with  cystoliths  in  fonn  (e.  j^.  in  tpecict  of  BmAtM^ 

*  Species  of  Pseudtranikemum^  AnihaiantkuSy  Codmmcnukm  waA  CpimmUkm  have  bica 
examined. 

^  Species  of  Andrograpkis  (with  EriamiAsra),  HsplMtUAms,   QmtmhitHjmm  (widi  OfM* 
phragmia)  and  Phlcgtuamtkus  have  been  examined. 
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parte,  viz.  Jacobinia  (with  PackysUckyt)^  HalfracatUhus 
and  Chastoihvlax ;  Ruellieae  pro  purte^  viz.  Spiro- 
sHgma^  Suphanopkysum^  Ecktnacanth%u,  Phaylopsis^ 
BUckumf  PenistemoHocanihuSf  DaedalacatUhus  and  Tri» 
chanthera. 

{d)  Elongated  cystoliths,  which  are  pointed  at  both  ends  (Fig.  144, 
/) :  Sancheiia  (of  the  KueUieae),  RosteUuiaria  (of  the 
Eujusticieae). 

(#)  CystoUths  of  varying  shape :  RueUieae  pro  parte  \  Didiptereae  ^ 

The  foregoing  table  facilitates  the  recoenition  of  the  different  features  con- 
nected with  the  shape  of  the  cystohths  found  in  this  Order,  and  also  indicates  the 
seat  of  their  occurrence  in  the  leaf.  In  the  axis  cystoUths  ocau*  in  all  the  tissues, 
with  the  exception  of  the  wood.  Those  in  the  leaf  are  generally  reco^zable 
with  the  naked  eye  or  more  easily  with  a  lens ;  in  herbarium*niatenal  they 
appear  as  small  striae  or  dots  when  viewed  by  reflected  Ught.  When  thie 
cystoUths  do  not  occur  in  the  epidermis,  but  belong  to  the  mesophyll,  it  is 
not  possible  to  recognize  them  in  this  way,  but  they  sometimes  {Anisotes 
hismcus^  Nees,  and  Harpochilus^  according  to  Hobein)  give  rise  to  transparent 
dots  in  the  leaf.  As  regards  the  mode  of  attachment  of  the  foUar  cystoliths 
to  the  cell- wall  it  has  only  rarely  been  possible  to  demonstrate  the  presence 
of  slender  stalks  in  herbarium-material,  and  it  is  not  improbable  that  the 
thin  stalks  of  the  cystoliths  may  be  resorbed  at  an  early  stage.  Hobein 
carefully  examined  the  cystohths  situated  in  the  epidermis  from  this  point 
of  view.  In  the  rounded  cystoliths  or  in  those  of  elongated  shape  with 
blunt  extremities,  usually  only  a  small  portion  of  the  (epidermal)  hthoc>'st 
takes  part  in  the  formation  of  the  leaf-surface,  and  it  is  to  this  part 
of  the  cell  that  the  stalk  of  the  cystolith  is  attached.  The  spindle-shaped 
cystoliths,  which  are  pointed  at  both  ends,  likewise  have  a  slender  stalk,  in- 
serted centrally  and  attached  to  the  small  rounded  portion  of  the  wall  of  the 
hthocyst,  which  reaches  the  surface  of  the  leaf.  In  the  elongated  cystohths, 
with  one  pointed  and  one  blunt  end,  the  point  of  attachment  is  at  the  blunt 
end ;  in  this  case  the  stalk  is  not  attached  to  the  outer  wall  of  the  Uthocv^t, 
which  has  a  relatively  large  surface,  but  to  one  of  the  lateral  walls.  The 
double  cystohths  of  the  Barlerieae  are  always  attached  to  the  wall  separating 
the  two  hthocysts.  With  regard  to  the  chemical  nature  of  the  cjrstoHths, 
it  may  be  mentioned  that,  as  a  rule,  the  skeleton  consists  of  pure  cellulose, 
and  that  sometimes  (e.e.  in  Ru^Uia  japonica,  Thunb.)  the  internal  portion 
of  the  cystohth  is  siUcined ;  a  strong  incrustation  of  carbonate  of  lime  is 
asually  present.  Hobein  mentions  the  occurrence  of  cystoUths  devoid  of  lime 
in  the  subepidermal  tissue  of  the  leaf  in  Harpochilus,  and  the  same  feature 
is  described  by  Kadlkofer  in  Cyslacanihus  turgida,  Nichols.,  where  the  cystoUths 
give  rise  to  transparent  dots  in  the  leaf,  and  by  Molisch  as  a  constant  occur- 
rence in  the  pith  of  Goldfussia  isophyUa^  Nees,  6.  glomerata^  Nees,  and  RueUia 
ockroUuca,  The  non-calcified  cystoliths  of  Goldfussia  and  RuMia  are  found 
in  certain  elongated  cells  of  the  pith ;  they  are  very  long,  and  are  specially 
distinguished  by  the  fact  that  they  consist  of  slightly  Ugnified  ceUulose,  and 
are  connected  with  the  cell-wall  by  numerous  stalks  (Fig.  145).  Before  leaving 
the  subject  of  cystolitlLS  we  may  mention  that  in  the  pith  of  Fitionia  argyro- 

*  hi  hit  eoocludtDi;  tmblc  llobcin  also  mentions  Dyukpriste  under  thi*  bcftding  ;  on  p.  418  o^  hu 
work  bowrvcr  only  SfircUigtma,  Supkanepkyium  and  Eikituuanikus  imong  the  Eorecllicae  arc 
matoautA  ms  hAvinf  obloo^;  cystoliths,  pointed  at  one  end. 

'  The  species  of  the  following  gexiera  investigated  by  Ilolxin  belong  to  this  da^:  Adtm^smm, 
f/vgrppkilm^  AiUrmcamtka^  J/emiadJpkis,  Pkyiukilus,  Poiytckma,  Xcmafkila,  BriilaMiaisim^  CaU- 
phimet,  Um0styUs,  CkodiataHikus,  Kutllia^  IHpttracamikut ^  CrypkimcmMtkus,  EuwyikmmMs,  Stem§nm- 
tsmtkms,  Sipk^tuumnikms,  Arrkcstoxyimm,  Homctrcpium^  Htmiirmpkis,  StemMpk^mimm,  Strwh- 
Umikii,  Emd^p^gtn,  rkUUpkyHum,  GMfmsia,  CaJofOM/ktu. 

'  Sptcks  of  CUsi4ut,  ffmn^ia,  DuHptera^  Ftrutrppkt  and  Hyp^tUs  have  been  eaaminc*]. 
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neura^  Hort.  and  F.  VtrschaffelHu  Hort.,  K.  Richter  observed  cystoliths  of 
very  irregular  form,  some  being  an  tier  •shaped,  others  helicoid. 

We  may  now  describe  the  adcular  fibres  (raphidine>. 
Fig.  146,  A-B)  which  were  first  observed  by  Russow 
in  certain  members  of  the  Order,  and  were  subsequently 
M\  described  by  Vesque,  Radlkofer,  and  Roulet ;    so  far 

LW|  ^jU  they  have  not  been  found  in  any  other  Order  of  Dlants, 

nor  have  detailed  investigations  as  to  their  distribution 
in  the  Acanthaceae  been  undertaken.  These  acicular 
fibres  are  rather  long  fibrous  cells,  with  thick  walk  and 
narrow  lumina ;  they  are  pointed  at  both  ends,  and  are 
small  in  cross-section.  Like  raphides  th^  are  found 
in  varying  numbers — sometimes  accompamed  by  fibre!» 
of  greater  diameter — united  in  the  form  of  a  bundlo, 
which  lies  inside  a  large  cell  of  corresponding  shape  ; 
^if^  according  to  Russow  and  Roulet  the  bundle  of  fibro 

is  derived  from  the  ceU  containing  it  bv  cell- 
division.  They  lie  freely  in  the  cavity  of  this  ceU,  since 
the  primary  lameUae  of  the  acicular  fibres  become  re- 
sorbed  during  their  development ;  in  case  of  injury 
to  the  mother-cell  enclosing  them,  they  emerge  sepa- 
rately in  the  same  way  as  the  mptddcs  of  a  ruptured 
raphide-sac.  These  bundles  of  aacular  fibres  are  found 
in  the  bast  (as  a  rule  both  in  stem  and  root),  in  the 
petiole,  and  in  the  veins  of  the  leaf.  In  many  casrs 
a  simple  incision  of  the  veins  of  the  leaf  is  sufficient 
in  order  to  obtain  at  once  a  large  quantity  of  acicular 
fibres.  They  are  sometimes  present  in  very  great  abun  • 
dance,  but  m  other  cases  it  is  difficult  to  demonstratr- 
their  presence  owing  to  their  small  numbers. 


f^ 


Russow  first  met  with  these  structures  in  HeMmcemtm 
coccinea  ;  the  same  author  also  describes  acicular  ceUt  ^^ 
occuning  in  species  of  Rueliia.  in  Sanckeiim  '  picim  ' '  (in 
the  stem),  Ftttonia  riganUa  and  Apkeimtutwm  mw^mrnhmc^ 
(only  in  the  root),  Hexaceniris  mysorgmsis  (only  in  the 
petiole),  while  thev  are  stated  to  be  absent  in  ApkdmmdtA 
cHstata  and  Erantkemum.  Vesque  has  derooostrated  tbcir 
presence  in  Cyrtanthera  caiaipagfolis,  Mtnimim  tnri%da. 
Adkatoda  ventHcosa  and  FitUmim  :  Roulet  found  thctn  m 
all  the  numerous  species  of  the  genus  Tkumbtwgis  whKh 
he  examined,  thouen  not  in  equal  abundance  in  all  cascsk. 
nor  always  in  all  the  organs  of  any  one  species  ;  finaUy. 
they  were  observed  by  Radlkofer  in  Thunbtnrgim^  PsnUo- 
calyx  and  Mendoncia. 

The  petiole  has  only  been  examined  in  detail  m  Thmm- 
bergia  aJata,  Bojer  and  Acanthus  moiiis^  L.  Aooortling  t«> 
Petit  the  principal  fibrovascular  system  in  the  chanic- 
teristic  region  consists  of  a  ring  of  vascular  bundles  in 
^  Trel!^^  both  cases  ;  in  addition  to  this  ring,  1-3  isolaled  bundles 
HTction  throQKti  the  pith  with  two  occur  on  cach  side  of  the  petiolar  groove.  Plitt  wmtxtms 
:;^.ir,"Vn'«;Su;'cV;^u;  »«}*  occurrence  o(  an  open  fibjovaK:ufcjr  «rc  cooqwed 
•n  tf.rcdUof  thrpith.— Ons*Mi«  of  One  or  morc  vascular  bundles,  m  the  species  whicb 
he  investigated  belonging  to  the  genera  Afikdmrndrs^ 
C  xrtanthera,  Dipteracanthus^  Ftttonia^  Gendarussa.  Peristropks^  Smekttim.  SchmmntM. 
Strnbilanthes  (Ruellia  maculata.  Wall.)  and  Wkitfieldia. 


I  ic.  145.  Cystoliths  in  the  pith 
of  Coldtnuia  isophyU;  Neea :  A, 
l.onj|rita(iina.l  vectioo  of  the  pith 
*iili  a   lithocytt      "    "^ 


^  Anne  sphalmate  ex  'Justiam  fktm  *  / 
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3.  Structure  of  the  Axis.  Consideriiig  the  laiige  siie  of  the  Order, 
the  structure  of  the  axis  also  has  been  very  little  investigated.  The  foUowing 
statements  regarding  the  structure  of  the  wood  are  based  on  my  own  investiga- 
tion  of  species  of  the  genera  Mendoncia^  RueUia^  Strobilantkes^  BUpkaris^ 
Crossandra^  Lepidagaikis  and  Barleria,  and  Roulet's  work  on  Thunbergia. 
The  size  and  arrangement  of  the  vessds  vary  ;  the  lumina  are  of  very  con- 
siderable size  in  the  lianes.  The  meduUary  rays  are  not  broad,  being  one^ 
two«  or  at  the  most  three  cells  in  breadtii ;  the  cells  are  frequently 
elongated  in  the  vertical  direction.  In  most  of  the  investigated  species 
there  are  bordered  pits  on  the  vessel-wall,  even  where  it  is  in  contact  with 
parenchyma ;  Menaoncia  pilosa.  Hart,  forms  an  exception,  for  in  this  species 
fwrdered  and  simfde  pits,  with  intermediate  forms,  occur  at  these  points. 
The  perforations  of   the  vessels  are  simple.      Wood-parenchyma  is  never 


Pig.  146.    The  raahidiBcs  or  ackmlar  ibrrs  of  tlie  AcaailMCcar :  A,  TrSMrtne 


the  inner  portion  of  the  cortex  (pericycle  and  but)  in  AdAmi§dm  v^nh'ifmm^  Noes,  AobI^  nc 
bondlea  of  ndcalar  ibrrs  in  trantrerM  nectiea ;  B,  Gro«p  of  >rir»lt  ttm  ffraM  tk»  knf  cf 
Jkmmkergim  ctrimikmdga^  Radllu,  obtjuaed  by  makinf  an  iaciiMw  iato  tbe  lotver  waAmat  af  tk» 


JkmmUrgim  ctHmikmdgt^  Radllu, 
leaf-OrifiBaL 

developed  in  abundance.     The  wood-prosenchyma  appears  to  have  simple 

ets;  septation  of  the  lumina  has  been  observed  in  species  of  Mendancim^ 
uMia,  Strobilanthes  and  Lepidagaikis.      Tracheids  sometimes  (Thunbergia) 
occur  accompanying  the  prosenchyma,  but  in  smaller  numbers. 

We  know  even  less  of  the  structure  of  the  cortex  than  of  that  of  the 
wood,  apart  from  the  occurrence  of  acicular  fibres  in  the  bast,  as  men- 
tioned above.  Our  whole  knowledge  of  the  subject  b  practically  limited 
to  an  investigation  of  the  genus  Thunbema  by  Roulet.  A  very  characteristic 
feature  of  almost  all  the  species  of  Thunbergia  is  the  prexnce  of  a  hypoderm, 
consisting  of  fibrous  cells,  and  lying  beneath  the  epidennis  of  the  stem. 
According  to  Roulet  a  sinodlar  hypodmn  occurs  in  other  genera  <rf  the  groap 
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Thunbcrgieae,  viz.  in  Monachockiamys  and  Mendoncia,  This  fibroas  hyp- 
derm  shows  varied  differentiation  in  the  species  of  the  genus  Tkunbcr^u, 
and  may  be  employed  for  systematic  punx)ses.  Thas  it  may  either  form  narro\« 
tangential  bands  one  or  two  cells  in  thickness  (Meyenia  Hawtayniana^  Net^s.  and 
M,  longiflora,  Benth.,  Thiinbergia  fraErans^  Roxb.,  T.alaia^  Boj.,&c.)«  the^e  Viand- 
being  mostly  quite  continuous  ancf  only  locally  interrupted  by  coUenchyma : 
or  it  may  consist  of  bundles  which  are  more  strongly  develop^  in  the  radial 
direction  (T.  grandiflora^  Roxb,,  T,  Cycnium^  Moore,  T.  geniiaHoides^  Kadlk.) . 
in  T.  cerifUkoides,  Radlk.  and  T.  Fischeri,  Engl,  transitional  types  oivur. 
whilst  in  T.  angolcnsis^  Moore,  groups  of  stone-cells  are  present  in  pKur  t>i 
the  fibrous  hypwierm.  The  development  of  periderm  takes  place  su|»ernciall> 
in  Thunhergia^  viz.  on  the  inner  side  of  the  fibrous  hypoderm  ;  it  may  W  addrd 
that  according  to  Tchouproff  the  phellogen  ari.ses  in  the  epidermis  m  Ruellia, 
and  in  the  endodermis  in  AetheiUma.  In  Thunhergia  angoiensis.  Muore,  •«inn<  • 
cells  also  occur  in  the  internal  ]X)rtion  of  the  primary  cortex.  In  Tkunhfrcu 
the  innermost  layer  of  the  primary  cortex  is  formed  by  an  endodermi'^,  an<i 
adjoining  this  internally  is  a  i)ericycle,  with  or  ^%ithout  groups  of  ba.>t-hbre< 
In  Mefidoncia  there  is  a  composite  and  continuous  sclerench^matoaN  nne  ir 
the  pericycle. 

A  rather  large  number  of  cases  of  anomalous  structure  in  the  -t«  it.- 
have  already  been  discovered  in  this  Order,  some  of  them  Ix'ing  in  li.tnt--. 
whilst  others  occur  in  s))ecies  which  are  not  lianes. 

Firstly,  medullary  bundles  have  l)een  obser\'ed  in  species  of  Acjf::ku 
{A,  longifoliuSy  A.  mollis  and  A.  spinosus)  by  Vesque,  H^*rail  and  J.  E.  \V»in* 
these  bundles  as  a  rule  form  four  groujw,  and  are  collateral  with  inverse  orn na- 
tion of  wood  and  bast  ;    sometimes,  however,  they  show  transitions  to  run 
centric  structure,  owing  to  the  enclosure  of  the  phloem  by  the  xylem.     A- 
cording  to  J.  E.  Weiss  they  have  the  same  course  as  the  medullary  bundh-i  '»: 
Campsis  radicans  (Bignoniaceae,  q.v.).     Similar  medullary  bundles  are  m^' 
with  in  other  cases  {Pseudocalyx,  Mendoncia^  Thunhergia  pro  parte),  but  th*  -* 
genera  are  also  characterized  by  further  anomalies  in  their  stents,  a.>  will  N 
descril)ed  later. 

The  Barlerieae  and  the  genus  Nelsonia  are  specially  characten/td  \'\ 
the  possession  of  intraxylary  phloem.  Since  Vesque  first  mentioned  th» 
occurrence  of  soft  bast  in  the  medullary  sheath  in  BarUria^  I  have  bein  aM- 
to  demonstrate  it  in  twenty-seven  s|)ecies  oi  this  genus  (enumerated  in  m> 
'  Holzstruktur '),  and  in  Harlcriola  solanifolia^  Oerst.,  Ltpidagathis  cuspid j:j, 
Nees,  L.  proslraia^  Dalz.,  L.  icrminalis,  Hochst.,  Neuracantkus  spkaerosiiukyu  , 
Dalz.  and  Lophoslackys  monlana.  Mart.,  and  recently  I  have  found  it  in  Somaii^ 
diffusa^  Oliv.  According  to  Lindau,  intraxylary  phloem  occurs  in  all  th« 
genera  of  the  Barlerieae,  with  the  exception  of  Crahhea  and  Periblrma^  ir 
which  I  had  already  demonstrated  the  alienee  of  this  feature,  as  stated  in  nn 
*  Holzstniktur  '  ;  thus,  in  addition  to  the  genera  cited  above,  intraxylar\ 
phloem  is  present  in  the  two  monoty[)ic  genera  Glossockilus  and  I'olkm^v  ■ 
pkyton,  as  one  must  assume  from  Lindau's  d«^scription.  At  present  I  an» 
unable  to  accept  Lindau's  statement  that  intraxylary  phloem  is  wanting  n 
a  few  sjKcies  of  Barleria.  the  names  of  which  he  does  not  give.  I  havf  a]read\ 
jKMnted  out  in  my  '  Holzstruktur '  that  the  differentiation  of  the  intraxylar> 
sott  l>ast  varies  in  the  genus  Barleria.  and  is  sometimes  of  such  a  kind  that 
the  presence  of  this  tissue  may  be  easily  overl<x>ked.  Usually  the  intraxylan 
soft  bast  is  only  developx^d  in  the  form  of  small  groups  of  cells  at  the  margin 
of  the  pith,  frequently  also  it  i^netrates  into  the  xylem-ring,  and  the  numlirr 
of  phlcK'm-bundles  is  often  small,  e.g.  in  B.  coerulea^  Roxb.  In  the  genu^ 
Nelsonia  intraxylary  phloem  has  lieen  shown  to  occur  in  N.  canescens^  Ste> 
and  N.  iometUosa,  Willd.  (Tchouproff). 
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Interxylary  as  wdl  as  intraxylary  phloem  occurs  in  the  genera  of  the 
Barieneae  mentioned  above  {BarUria  ind.  Somalia^  BaHeriola^  LepiiagfUkis^ 
LaffkosUckys  and  NeuracatUhus^  and,  according  to  Lindau,  probably  ulosso* 
ckUus  and  VolkensiophyUm  also).  In  most  cases  the  interxylary  phloem  consists 
of  small  islands  of  soft  bast^  but  in  Lophostachys  moniana^  Bfaxt.  it  is  competed 
of  rather  large  groups,  which  are  arranged  concentrically  at  some  distance 
fiom  the  pith.  As  a  rule  the  islands  of  soft  bast,  which  in  Barleria^  accord- 
ing to  ClKxlat's  investigations  are  given  off  internally  by  the  cambium,  are 
present  in  large  numbers  ;  when  this  is  the  case,  they  are  to  be  found  in  quite 
young  branches,  as  in  twenty-six  of  the  species  of  BarUria  which  I  examined. 
Sometimes,  however  (e.g.  in  BarUria  flava^  J  acq.),  the  interxylary  soft 
tnst  develops  at  a  relatively  late  stage,  and  is  not  found  in  brancnes  of  less 
than  8  nun.  diameter.  Consequently,  until  further  investigations  have  been 
undertaken  I  cannot  accept  Lindau's  statement  that  interxylary  phloem 
is  u'anting  in  certain  species  of  BarUria  (the  names  of  which  are  afain  not 
given),  although  such  exceptional  cases  are  possible  \  Interxylary  islands  of 
soft  bast  are  ako  found  in  other  members  of  the  Order,  namely  in  the  species 
of  Thunberfia^  belonging  to  the  section  Hexactniris,  and  in  certain  other 
representatives  of  the  Thunbergieae ;  in  the  latter  case  they  accompany 
bast-wedges,  and  from  these  some  of  the  islands  arise.  This  leads  us  to 
consider  the  anomalous  structure  of  the  stem  in  the  species  of  Tkunbergia ; 
after  preUminary  observations  had  been  made  by  Vesque  and  Radlkofer,  this 
subject  has  recently  been  thoroughly  investigated  by  Koulet. 

In  the  spedes  of  Thunber^^  belonging  to  the  section  HexacetUris  (T. 
coccinea^  Nees,  T.  laurifolia^  Lmdl.,  T.  mysorensis,  T.  Anders.,  T.  Harrisii^ 
Hook.,  r.  parva^  Roulet,  T.  '  sinuaia.  Wall.'  and  T.  grandiflara^  Roxb.),  the 
wood  contains  typical  islands  of  soft  bast  in  the  form  of  bands,  which  alternate 
with  corresponding  bands  of  wood  on  the  same  radii  (Fig.  147).  These  bands 
only  arise  in  the  interfascicular  tissue  of  the  xylem-ring,  and  at  first  they  only 
appear  on  two  opposite  sides  of  the  transverse  section  of  the  stem,  correspond- 
ing to  the  position  of  the  furrows.  At  the  points  at  which  the  anomaly  appears 
the  grouih  in  thickness  of  the  vascular  ring  is  considerably  increased.  Sub- 
sequently, however,  the  anomaly  extends  to  the  entire  transverse  section  of 
the  branch,  band-shaped  islands  of  soft  bast  being  formed  on  all  sides.  Accord- 
ing to  the  investigations  of  Radlkofer,  Chodat  and  Roulet,  but  contrary  to 
those  of  H^rail,  the  islands  of  soft  bast  are  developed  from  the  inner  side 
of  the  ramlnum.  The  anomalous  structure,  found  in  the  branches  of  certain 
other  Thunbergieae,  appears  at  first  sight  to  be  essentially  different  from 
the  anomaly  just  described  in  Thunbergia  coccinta^  &c.,  but  on  closer  examina- 
tion one  finds  that  fundamentally  it  approaches  the  latter  type.  We  wiU 
first  consider  T.  alaia,  Boj.  and  J,  rdiculaia.  Hochst. ;  in  both  these  species 
a  transverse  section  of  the  young  branch  shows  wedges  of  soft  bast  on  the  sides, 
on  which  the  furrows  occur ;  these  wedges  are  given  off  internally  by  the 
cambium,  like  the  islands  of  soft  bast  in  nexacentris.  They  grow  in  thickness 
owing  to  the  activity  of  the  cambium,  and  become  narrower  externally  in 
coaseauence  of  an  increase  of  wood  at  their  margias ;  finally  they  become 
embeoded  in  the  tissue  of  the  wood.  In  this  way  interxylary  islands  of  soft 
tnst  appear  in  the  thicker  branches  ;  they  arc  distinguished  from  those  of  the 
spedes  of  HexacetUris  by  their  irregular  shape,  and  also  by  the  fact  that  the 
sieve-tubes  are  not  uniformly  distributed  within  them,  but  are  restricted 
to  those  parts  which  have  xylem  immediately  contiguous  to  them  externally. 
In  the  structure  of  its  stem  Thunbergia  fragrans^  Roxb.  does  not  differ  very 

'  O.  Tcb<Ni|>rair  examined  five  other  tpeciet  of  BmrkrU  (not  exftniaed  bj  mt)  aad  Umad  both 
intrmxylarjr  tad  mterxjUry  phloem  in  them. 
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widely  from  the  type  just  described ;  there  are  wedges  of  soft  bast  ha\ing 
the  same  mode  of  origin  as  in  T,  alaia^  and  additional  small  islands  of  soft 
bast  in  the  wood.  The  same  structure  as  occurs  in  T,  jraarans  is  also  found 
in  r.  tometUosa^  Nees,  T.  luiea^  T.  Anders.,  T.  convolvulifolia^Daker^  T.  ckrysops. 
Hook.,  r.  hastaia.  Dene.,  T,  angulaia^  Hils.  et  Boj.  and  T.  SiuUmmnnimnm^ 
Lindau.  In  another  group  of  species  (viz.  T.  atrMicifolia^  E.  Hey.,  T.  cmpensts^ 
Thunb.,  T.  cyanea,  Boj.,  T.  hispida,  Lindau,  T.  kiria^  Sond.,  i .  cerinikoides^ 
Radlk.,  r.  getUianoides,  Radlk.,  T.  lancifolia^  Moore,  T.  angolensis,  Moore, 
T.  hyalina^  Moore,  and  T.  Cycnium,  Moore)  the  structure  of  the   branch 


Fig.  147.  Diagraramatic  traocvcrae  nectioii  of  a  branch  of  7%auiJ»yy/«  i»fr/w#a.  Wall,  aktm^f  the  wtvlMr 
distribution  of  the  intencylary  iaiandi  of  aoft  bast,  the  pecaliax  differaMifttioa  o#  Ikt  wfhmnmm  amd  iW  «b> 
rptfWmal  rroaM  of  Klrrenchymatonc  6brr«.    The  Mnall  ackvlar  cnratab  of  caalate  ot  mml  «Wa  «•  mnwim  m 


-    I  groap*  of  Klrrenchymal 

almndance  in  the  pith,  are  omitted. —Original. 

differs  essentiaUy  from  that  of  the  species  previously  mentioned,  since  islands 
of  soft  bast  do  not  occur  in  the  wood.  According  to  Roulet  a  certain  number 
of  these  species  (viz.  T.  atriplicifolia^  T,  capensts,  T.  cyanea^  T.  hispidm  and 
T,  hirta)  agree,  to  some  extent,  with  the  species  previously  referred  to,  for 
they  possess  wedges  of  bast  on  the  sides  of  the  stem  on  which  the  furrows 
occur,  and  these  wedges  are  partly  formed  by  tissue  produced  from  the  inner 
side  of  the  cambium  (like  the  intencylary  phloem  of  HexMU9Uris\  and  partly 
by  tissue  given  of!  externally  by  the  cambium  (like  normal  soft  bast).  The 
other  species  (viz.  T,  Cycnium,  T.  angoUnsis,  T.  hyalina^  and  T,  getiUmmoides  % 

*  Koulet  makes  no  statemcnU  regarding  the  stnctiire  of  T.  Umti/^Hm  wad  T,  itHmikmdit  mt 

above). 
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as  weD  a$  Meyenia  Hawiayniana^  Nees,  exhibit  a  somewhat  different  type  of 
stmctore.  Like  the  others  they  also  have  bast-wedges,  but  these  consist 
entifdy  of  soft  bast-tissue,  given  off  externally  by  the  cambium,  while  thin- 
walled  tissue,  devoid  of  sieve-tubes,  is  produced  on  the  inner  side  of  the 
cambium.  Special  anomalies  in  the  structure  of  the  stem  have  been  de- 
scribed by  Roulet  in  Thutibergia  annua^  Hochst.,  T.  Fischeri^  ^^'*  ^*  ^S*' 
efio,  Lindau,  T.  armipotens^  Moore,  T.  huiUensis^  Moore  and  I,  rufescens^ 
ndau,  and  these  will  be  briefly  referred  to  in  the  order  in  which  the  species 
have  been  enumerated.  On  the  other  hand,  the  branches  of  T,  adenocalyx^ 
RadUc,  T.  Holstii^  Lindau,  T.  Vogeliana^  Benth.,  7.  Kameruntnsis,  Lindau, 
T.  affinis^  Moore  and  T.  erccta^  Anders,  have  normal  structure.  A  transverse 
section  of  a  branch  of  T.  annua, 
Hochst.  shows  a  xylem-ring  uni- 
formly developed,  and  containing  a 
few  relatively  large  islands  of  soft 
bast  in  the  neighbourhood  of  the 
pith.  T.  Fisckeri^  Engl.,  besides  pos- 
sessing wedges  of  soft  bast,  like  those 
of  r.  CycntKifi,  has  interxylary  islands 
of  soft  bast  at  two  opposite  points 
in  the  interfascicular  tissue ;  these 
islands  of  bast  are  situated  very  near 
the  pith,  and  are  in  part  united 
with  it ;  their  mode  of  development 
is  unknown,  but  is  probably  the  same 
as  in  T,  coccinea^  &c.  In  T.  longi- 
folia^  Lindau,  masses  of  tissue  with 
thin  walls  and  devoid  of  sieve-tubes 
are  found  at  the  margin  of  the  pith, 
and  form  wedges  which  penetrate 
into  the  wood.  Far  more  compli- 
cated anomalies  in  the  stem-structure 
have  been  observed  in  T.  armipotens 
and  r.  kuilUnsis^  and  arc  probably 
characteristic  of  T.  rufesc^ns  also, 
but  older  branches  of  this  species 
have  not  yet  been  examined.  In  the 
first  two  species  a  transverse  section 
through  a  young  branch  shows  a  well- 
developed  wedge  of  bast  on  both  the 
furrowed  sides  of  the  stem,  and  four 
portions  of  the  xylem-ring,  which 
contain  numerous  vessels,  correspond  in  position  to  the  four  angles  of  the  stem, 
and  are  separated  from  one  another  by  interfascicular  tissue.  At  a  somewhat  later 
stage  four  medullary  groups  of  wood  and  bast  are  developed  at  the  margin  of 
the  pith  opposite  these  four  portions  of  the  xylem-ring.  Finally  fission  of  the 
xylem-ring  takes  place,  separating  it  into  four  masses,  which  correspond  to  the 
four  portions,  provided  with  abundant  vessels  ;  the  four  masses  of  wood  then 
become  surrounded  by  cambial  tissue.  Sometimes  smaller  bundles  of  wood 
arising  from  the  interfascicular  tissue  appear  between  the  four  principal  masses. 
Essentially  the  same  anomaly  in  the  structure  of  the  branch  as  occurs  in  T. 
armipotens  and  T.  kuiUensis  is  found  in  Mendoncia  sp.,  Regnell  n.  Ill,  949  a« 
according  to  Radlkofer,  in  Mendoncia  Velloziana,  Mart.,  according  to  H. 
Schenck  (Fi^.  148),  and  in  M.  Sckomburgkiana^  Nees,  according  to  Tchouproff. 
A  similar  fission  of  the  mass  of  the  wood  into  four  portions  has  been  demonstrated 


Fig.  xaK  FiMtoa  of  ib^  xylnn  ouum  in  hitnd»mcU  Vet 
ItK^mmM,  Man. .  A,  Yosaf  «ra,  x  6;  B,  OMcr  •Ceoi,  a  «.. 
Aftrr  H.  Scbenrk. 
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by  Gilg  in  his  newly-established  genus  Aframendanda  (with  two  species),  and 
especi^ly  in  A.  phytocrenoides;  the  fission  originates  in  wedges  of  soft  bast,  which 
are  present  from  the  first.  Medullary  xylem-group,  like  those  of  Mendancxm 
or  Thunhergia  armipotens,  have  not  been  observed  in  this  genus,  but  masses 
of  stone-cells  are  present,  shutting  in  the  wedges  of  soft  Inst  (to  which  thr 
fission  is  due)  from  the  pith  and  the  cortex,  and  thus  preventing  any  com- 
pression of  the  soft  bast  in  case  of  torsions  occurring  in  the  stem.  Fission 
of  the  original  mass  of  wood  probably  also  occurs  in  later  stages  in  the  mono- 
typic  genus  Pseudocalyx  (with  P.  saccaius,  Radlk.),  but  only  relatively  youni; 
branches  have  been  examined.  Radlkofer  demonstrated  the  occurrence  of 
four  wedges  of  soft  bast,  placed  cross-wise,  in  the  xylem-mass  of  Psatdoc^Uyx^ 
and  also  the  commencement  of  a  new  inversely  orientated  ring  of  wood  and 
bast  at  the  margin  of  the  pith  '. 
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The  most  important  anatomical  character  of  the  Order  (especially  as  com- 
pared with  the  allied  Selagineae)  is  constituted  by  the  schiiogenous  secretory 
caWties  occurring  in  all  the  Myoporineae,  with  the  exception  of  the  genera  O/ii  J 
and  Zombiana,  and  not  infrequently  giving  rise  to  transparent  dots  in  the  leaver. 
Additional  characteristic  features  are  found  in  the  glandular  hains,  in  which  the 
head  is,  in  almost  all  cases,  divided  by  vertical  walls  only  (thotigh  in  rare  cases  it 
is  unicellular),  whilst  in  the  structure  of  the  axis,  the  simile  perforatioiis  in  the 
vessels,  the  wood-proscnch5mia  with  simple  pits,  and  the  superficial  formaUon 

^  Sometimes  the  root  of  the  Acanthaccac  shows  anomalief  similar  to  those  of  the  bnwcfa.  Thsk 
.according  to  Konlet  the  interxylary  bands  of  soft  bast  alto  apiiear  in  tbe  root  ia  Cftsmni^ii  ftaimtm . 
similarly  small  islands  of  soft  bast  are  found  in  the  wood  01  the  root  in  T.  aiafm  aad  T.  niimiatM] 
hut  are  wanting  in  T,  anmua,  Further,  according  to  II.  .Schcnck,  cleavage  of  the  %}\km  il^  aai 
secondary  formation  of  masses  of  wood  and  liast  in  the  pith  occms  in  the  reol  fd  Mh^mnm  i'dh- 
zimna.  I  may  add  that  in  the  genus  Thunhergia  interxylary  phloem  is  inmcTiaai  met  with  m  thr 
l>etiole  (e.  g.  in  T,  gramdijhra)» 
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<rf  peridenn  are  characteristic  The  genus  OHia  alone  possesses  intraxylary 
phloem  (Briquet).  The  stomata  are  surrounded  by  three  or  more  epidermal 
ceils.  Oxalate  of  lime  is  excreted  chiefly  in  the  form  of  small  clustered  or 
actcolar  cr^tals»  rarely  (in  sderenchymatous  cells)  in  the  form  of  larger  solitary 
crystals.  The  occurrence  of  inulin  accompanying  starch  in  the  branch  and 
root  of  Myoporum  is  also  noteworthy.  In  addition  to  the  glandular  hairs 
already  mentioned,  simile,  uniseriate,  and  (in  EremaphUa)  multicellular, 
branched  trichomes  take  part  in  the  formation  of  the  hairy  covering. 

The  occurrence  of  secretory  cavities  is  almost  universal,  according  to 
eidsting  investigations  (viz.  those  of  Bokomy  and  Briquet),  which  deal  with  all 
the  genera.  The  cavities  are  wanting  in  the  genus  0//ui,  which  also  differs  from 
the  other  members  of  the  Order  in  possessing  intraxylary  phloem  ;  on  account 
of  its  exomorphic  characters,  however,  it  is  retained  amongst  the  Hyoporineae, 
although  it  constitutes  a  separate  tribe  (the  Of  tieae) ;  the  cavities  are  also  absent 
in  Zcmbiana^  but  in  none  of  the  othersenera;  further  details  regarding  Zombiana 
will  be  given  in  an  appendix  to  the  Order.  Bokomy's  statement  regarding  the 
absence  of  secretory  cavities  in  Eremophila  Umgifolia^  F.v.  Miill.  Sind Peniacodium 
bamUaides^  S.  et  Z.  {» Myoporum  bofUioides^  A.  Gray)  is  incorrect,  and  we  may 
add  that  these  cavities  are  present  in  the  leaf  of  Myoporum  botUioides^  and,  at 
any  rate,  in  the  cortex  of  the  branch  in  Eremophila  longifolia.  In  Eremophila 
Otdfiddii^  F.  V.  Miill.,  I  have  Ukewise  only  been  able  to  find  the  secretory  cavities 
in  the  branch  and  not  in  the  leaf.  In  other  cases  (e.g.  in  Myoporum  acumi* 
mUttm^  R.  Br.  and  BonUa  daphnoides,  L.)  the  secretory  cavities  are  developed 
in  both  leaf  and  stem.  In  the  leaf  they  are  not  confined  to  any  special  region 
of  the  mesophyll.  They  are  often  of  considerable  size,  and  frequently  give 
rise  to  pellucid  dots ;  in  some  cases  they  may  even  cause  raised  dots,  as  in 
Myoporum  parvi folium^  R.  Br.  and  M.  tuberculalum^  R.  Br.  In  the  axis  they 
are  omfined  to  the  pith  and  primary  cortex.  Contrary  to  Van  Tieghem's 
results.  Briquet  met  with  secretory  cavities  in  the  root  also,  viz.  in  the  phelToderm 
of  the  older  roots  of  M,  acuminatum^  R.  Br.  The  secretion  formed  in  these 
cavities  is  of  various  kinds,  but  probably  always  consists  of  an  oily  resinous 
substance.  According  to  Van  Tic^hem,  Leblois  and  Briquet,  the  development 
of  the  secretory  receptacles  is  schizogenous,  and  not  lysigenous,  as  was  assumed 
by  Martinet,  Ue  Bary,  Hdhnel  and  Bokomy.  The  presence  of  a  distinct,  and 
for  the  most  part  many-layered  epithelium  lining  the  secretory  cavities,  also 
suggests  the  former  mode  of  development ;  sometimes  the  innermost  layer  of 
the  eoitheUum  becomes  subsequently  absorbed,  the  gland  thus  becoming 
schiiolysigenous  (Briquet). 

The  structure  of  the  leaf  has  been  examined  in  detail  by  Briquet  and 
also  by  myself  in  the  following  species  :  Myoporum  boniioides^  A.  uray,  M. 
mcuminaium^  R.  Br. ;  Eremophila  Brownii^  F.  v.  Miill.,  E.  longifolia^  F.  v. 
MMl..  £.  MacdoneUii,  F.  v.  Miill.,  E,  Oldfieldii,  F.  v.  Miill.,  E  Latrobei, 
F.  V.  Miill. ;  BonUa  daphnoides^  L.  The  mesophyll  exhibits  centric  struc- 
tnre  in  almost  all  cases  where  this  character  can  be  ascertained  with  suffi- 
cient certainty  in  herbarium-material,  as  in  E.  MacdonMii  and  £.  Oldfieldii. 
Bifacial  structure  has  only  been  shown  to  occur  in  the  two  species  of  Ofiia. 
The  stomata  are  usually  found  on  both  sides  of  the  leaf;  they  are  re* 
stricted  to  the  lower  side  in  Oftia  only.  They  are  in  most  cases  accom- 
panied by  three  subsidiary  cells  (e.g.  in  Myoporum  acuminatum^  Bontim 
dmphnoides  and  Eremophila  Brownii) ;  in  other  species  (e.g.  £.  Latrobet)  this 
is  not  the  only  type  present,  some  of  the  stomata  being  surrounded  by  a 
lareer  number  of  epidermal  cells  ;  the  latter  type  is  quite  general  in  Eremopkila 
OldfieUii  and  also  in  Oftia.  The  guard-cells  either  lie  on  a  level  with  the 
epidermis  or  project  above  it.  According  to  Briquet,  the  epidermal  c^s  of 
tde  leaf  frequently  project  as  papillae,  and  show  considerable  variations  as 

Ss 
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regards  the  thickness  and  cuticularization  of  the  outer  wall  in  the  individual 
species.  The  structure  of  the  veins  of  the  leaf  can  also  be  enpfeyed  in  specific 
diagnosis.  In  many  members  of  the  Order  the  principal  veki  is  embedded  in  the 
assimilatory  tissue  of  the  leaf ;  in  other  cases  a  special  edlenchymatoas  tissue 
surrounds  the  system  of  vascular  bundles  in  the  veitt.  Sderenchyma  accom- 
panying the  vascular  bundles  has  only  been  found  in  OfHa  (by  Briquet),  but 
collenchymatous  tissue  is  frequently  present  in  its  place. 

The  hairy  covering  consists  of  dothing  and  glandular  hairs.  The  clothing 
hairs  are  either  simple,  uniseriate  trichomes  (e.g.  in  EfcmapkUa  kmgifoUa  and 
in  Ofiia)^  or  branchcKl,  multicellular  hairs  (e.ff.  in  certain  species  of  EremopkUa). 
The  water-stonng  trichomes  of  Eremopkum  aUemiMia^  R.  Br.,  figured  by 
Briquet  (Fig.  26),  arise  from  neariy  all  the  epidermal  ceUs  <rf  the  leaf, 
and  constitute  a  special  form  among  the  simjde  haiis.  According  to  my  ovm 
investigation  (though  not  quite  in  agreement  with  Briquet's  Figure  18),  the 
branched  hairs  of  E.  Brownii  consist  of  a  row  of  snort  cells^  which  are 
protruded  laterally  in  various  directions  like  hairs ;  the  whole  trichome  thas 
comes  to  have  the  appearance  of  a  stellate  hair  when  viewed  from  above ; 

in  other  species,  such  as  £.  Lairobei,  this  'sym- 
podial '  type  is  less  distinct,  since  some  of  the  celh 
constituting  the  branches  do  not  take  part  in  the 
formation  of  the  main  axis  of  the  trichome.  My 
investigation  showed  that  the  slandnlar  hairs 
possess  varied  structure  in  the  individaal  specie<i. 
but  agree  in  the  fact  that  the  gtandolar  bead 
is  in  almost  all  cases '  divided  by  vertical  wall^ 
only. 

Eremophila  Brownii  has  glandular  hain  with  a 

short,  unicellular  stalk  and  a  disc-shaped  head,  which 

Pia  149.  Giandaiar  hatrs  of  ^jp*.  is  either  divided  by  four  vertical  walls,  foming  an 

f:::Z:T':::S'Z'  a^X,^^  orthogonal  cro«,  or  by  a  larger  number  ol  vertical 

transverae  Kctkm.— OripiiaL  walls  arranged  approxmuttdv  m  a  radial  dtTBCtioo ' ;  in 

the  latter  case  each  of  the  glandular  ceUs  of  the  head 
commonly  contains  a  small  clustered  crystaL  In  E.  Lairobei  the  leaf  twan  external 
glands,  which  have  a  somewhat  longer  stalk  composed  of  two  cells,  and  a  small 
head  with  a  single  vertical  division-wall ;  occasionally  glandular  heads  of  this  kind 
also  terminate  the  branches  of  the  branched  hairs  occurring  in  this  specica.  Thr 
external  glands  of  E.  Macdonellii  have  a  still  longer  stalk  consisting  of  a  row  ol 
four  cells,  of  which  the  uppermost  is  differentiated  as  a  kind  of  neck-cdl:  the 
disc-shaped  head  is  divided  by  a  relatively  large  number  of  radially  placed  vertical 
walls  into  a  number  of  cells,  each  of  wmch  encloses  a  dusteral  crystal.  Bcmu^M 
daphnoides  has  glandular  hairs  with  a  short  stdk  and  a  head  which  is  c&>-idc<l 
into  a  large  number  of  cells  by  vertical  walls  showing  varied  orientatioiL  The 
external  glands  found  in  Myopcrum  acumintUum  (Fig.  149)  and  Af.  botUiaidti 
are  of  a  very  curious  type.  They  have  a  short  stalk,  which  is  composed  of  csthrr 
one  or  two  cells,  and  on  this  the  approximately  disc-shaped  head  is  seated  in  an 
eccentric  and  oblique  position  ;  the  nead  is  divided  by  a  few  vertical  waOs  arranged 
parallel  to  one  another.  Finally,  in  the  genus  OfHm^  examined  by  Briquet,  the 
glandular  hairs  have  a  uniseriate  stalk,  with  cells  becoming  shorter  towards  the  apex. 
and  a  head  which  is  cither  unicellular  or  divided  by  vertical  waOs. 

Oxalate  of  lime,  both  in  the  leaf  and  axis,  is  usually  excreted  in 
the  form  of  small  clustered  crystals.  The  latter  sometimes  occupy  the  cells  o\ 
the  mesophyll  in  special  abundance  (e.g.  in  EretnaphUa  Umgifolui  and  £.  OU- 
fieldii) ;  in  Boniia,  clustered  crystals,  besides  occurring  in  the  mesophyll,  are 

^  According  to  Briquet  abmulmnt  horixootml  diTiiiooi  alio  oocnr  in  the  hmd  fai  £• 
V.  V.  MiilL,  but  I  ooly  found  this  to  be  the  case  excepdooalW  in  the  gluMfaiUr  hain 
^  Briquet*!  statement,  that  the  glandular  hcada  ate  nnioeUaUr  in  2.  BtnmmU^  is 
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also  present  in  the  epidermis,  accompanying  rod-like  crystals.  In  the 
TDfOOfkkyVL  of  Eremophila  Drummondii^  F.  v.  HiiU.,  small  acicular  crystals  are 
just  as  abundant  as  the  clustered  crystals  in  the  case  of  E.  hngifolia.  In  tht 
stem  clustered  crystals  have  been  observed  in  the  pith  and  primary  cortex. 
In  Eremophila  Olafiddii  rather  large  soUtary  crystals  are  found  in  the  sderen* 
chymatous  parenchyma-cells  of  the  pericycle ;  they  are  also  met  with  in 
the  pith  of  the  same  plant,  where  they  have  rounded  facets.  Here  we 
may  refer  to  the  occurrence  of  special,  doubly  refractive,  crystalline  bodies  in 
the  pith  of  species  of  Myoporum  (A/.  eUipticum^  according  to  Van  Tieghem, 
M.  Uutum,  Forst.  and  M.  senatum^  R.  br.,  according  to  Briquet) ;  these 
structures  are  disc-shaped,  and  include  a  central  body  like  a  clustered  crystal ; 
they  are  soluble  in  hot  water  and  dilute  acids.  Van  Tieghem,  as  mentioned 
above,  found  considerable  quantities  of  inulin  in  Myoporum  in  the  bast-paren- 
chjrma  of  the  stem,  and  in  the  cortex  of  the  root.  In  addition  to  this,  starch 
occurs  in  the  stem  of  Myoporum. 

In  the  structure  of  the  axis  we  may  specially  point  out  that,  according  to 
Briquet,  intraxylary  phloem  is  developed  in  Oftia  only,  and  occurs  in  the  form 
of  small  groups  at  the  margin  of  the  pith,  a  certain  number  of  them  being  situated 
at  some  distance  from  the  ring  of  vascular  bundles.  This  intraxylary  phloem 
is  only  developed  at  a  relatively  late  stage. 

In  a  transverse  section  of  a  branch,  the  mass  of  wood  in  the  Myoporineae 
(incL  Oftia)  shows  narrow,  uniseriate  or  biseriate  medullary  rays,  and  small 
vessels  (maximum  diameter  = -03— 04  mm.),  which  mostly  exhibit  radial 
arrangement  The  perforations  of  the  vessels  are  simple ;  the  vessel-wall  bears 
bordered  pits  in  contact  with  parenchyma.  Only  m  Myoporum  salsoloides^ 
Turcz.  has  spiral  thickening  of  the  pitted  vessels  and  tracheids  been  observed 
(Briquet).  The  wood-parenchyma  is  scantily  developed,  and  the  wood-prosen- 
chyma  bears  simple  pits.  The  most  important  points  to  be  mentioned  in  the 
structure  of  the  cortex  are  the  subepidermal  *  formation  of  periderm  (OfHa 
included),  and  the  presence  of  groups  of  sclerenchyma,  or  of  a  more  or  less  closed 
sclerenchymatous  ring  in  the  pericycle.  The  sclerenchyma  of  the  pericycle 
consists  of  small  isolated  groups  of  fibres  (e.g.  in  Boniia  daphno%de$\  or  of 
a  loose  ring  of  fibres  and  stone  cells  as  in  Myoporum  acuminatum.  It  remains 
to  mention  (i)  the  weakly  developed  decurrent  foliar  wings  ('  macropt^res '  of 
Briquet)  found  on  the  stem  in  the  species  of  Oftia^  the  stomata  on  the  stem 
being  confined  to  these  wings,  and  (2)  the  wide  air-spaces,  which  have  been 
observed  in  the  primary  cortical  parenchyma  of  Myoporum  chinense^  Gray, 
M,  lattum^  Forst.,  M,  pUUycarpum,  R.  Br.  and  M.  salsoloides,  Turcz. 

Appendix  :    On  the  genus  Zambiana, 

Briqaet  doubts  the  correctness  of  the  view  that  this  monotypic  genus,  estab- 
lifthed  by  BaiUon,  belongs  to  the  Myoporineae. 

The  most  noteworthy  anatoniical  feature  is  the  absence  of  secretory  cavities 
in  Z.  africana,  BailL  The  leaf  has  centric  structure.  Both  surfaces  bear  stomata, 
which  are  mostly  surrounded  by  four  epidermal  cells.  The  epidennal  cells  of  the 
leaf  have  a  polvgonal  outline,  and  are  |>apillose.  The  petiole  contains  three  vascular 
bundles  ;  of  tnese  the  median  bundle  is  larRe,  and  the  lateral  bundles  are  rounded 
in  section.  Regarding  the  structure  of  the  oranch,  we  may  note  that  the  periderm 
arises  subepidermaUy,  that  the  pericycle  contains  isolated  groups  of  bajst-fibres, 
and  that  the  wood  is  composed  01  uniseriate  medullary  rays,  wood-prosen- 
chyma  bearing  simple  pits  and  sometimes  septate,  vessels  and  tracheids.  Oxalate 
oi  bme  has  been  ooserved  in  the  middle  layer  of  the  leaf  in  the  form  of  clustered 
cr^ftals.     The  hairy  covering  consists  of  simple,  uniseriate  trichomes. 


'  In  Uie  root  of  Myporum  the  derelopment  of  cork  uke«  pUce  ia  the  pefictclc  (Briquet). 
Kcftvdlag  the  fonsatioii  of  the  meiaxylein  (of  Vao  Tieghem)  in  the  root  of  ify^farum,  tec 
Briquet,  loc  dL 
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Litentnre :  Maitinet,  in  Ann.  ic  nat,  i^.  5,  t  ziv,  i87i«  £•  '99  ^  leq.— Dt  Bair,  VcigL  Aaaf .. 
1877.— Hohnel,  Sekretiontorg.,  Sitz.-Ber.  WwDer  Aka<L,  Bd.  LuodT,  Abt  i,  iMl,  a  578.*- 
Szyvylowicz,  Sekretbeh.  (Pol&h),  Punietnik  Akademti  Umijcinotci  W.  Krmkowk^  t  vi.  i88i«  p.  aj 
ct  leqjuid  Tab.  vii. — Bokoray,  Dmchs.  P.,  Flon  i8Sa,  p.  37a  «t  teq.  tad  wp.  oopr,  pp.  •6-7.— 
Van  Ticgfaem,  Cananx  sto6t.,  Ann.  ic  nat,  i^.  7,  t  i»  1885,  pp.  55-7.— Solocder,  Houttr.,  iMc. 
pp.  102-3.— LeUoiiy  in  Ann.  le.  nat,  i^.  7,  t.  ▼!.  1887,  pp.  S5S-8  and  pL  8.^WctMeui,  in  KatOrl. 
Pflanzeniam.,  IV.  Teil,  Abt  3  b,  1895,  pp.  355-d.— Biiqoet,  ZmiMaM,  Itall.  da  rHcrbier  Booncr. 
t.  iv,  1896,  pp.  334-7 ;  M^langei,  Bnll.  Laborat.  de  boc  ete.  de  rnnivenit^  de  Cwiw,  vol.  i.  a.  1 . 
1896,  p.  7  and  Appaicil  Wg^tif  do  Phiymaoto  etc.,  M^m.  Soc.  phyt.  cC  hiat  nat.  dc  Geneve, 
t.  xuiiy  3*  partie,  n.  8,  189O,  lep.  copy,  pp.  80-154. 

SELAGINEAE. 

The  most  characteristic  anatomical  feature  in  this  Order  is  constituted  by 
small  glandular  hairs  (Fig.  150),  consisting  of  a  basal  ceU  beloocing  to  the 
epidermis,  a  short  stalk-cell,  and  a  head,  which  is  composed  of  two  cells  separated 
by  a  vertical  wall,  or  more  rarely  of  four  cells,  owing  to  the  presence  of  two  vertical 
walls,  arranged  in  the  form  of  a  right-angled  cross ;  these  glands  either  occur 
on  the  surface  of  the  organs  or  are  depressed,  and  in  the  latter  case  they  some- 
times secrete  lime.  Internal  secretory  organs  are  not  present,  and  this  is  a  point 
of  difference  from  the  allied  Myoporineae.  The  stomatal  apparatus  does  not 
conform  to  any  definite  uniform  ty^.  Oxalate  of  lime,  in  the  rare  cases  in  which 
it  occurs,  is  excreted  in  the  form  of  small  prismatic  or  rod-shaped  orystab.  In 
all  the  investigated  genera  {HebenstrtMa^lMschisma^SdagOfMicradoH^AgaiMelpis, 
Globularia)  the  wood  has  narrow  medullary  rays,  simple  polorations  in  the 
vessels,  and  bordered  pits  on  the  vessel-walls  m  contact  wiUi  parenchyma ; 
the  wood-prosenchyma  bears  bordered  pits  in  GMntlaria  only ;  elsewhere  it  has 
simple  pits.  Isolate^  bundles  of  sclerenchyma  may  or  may  not  be  present  m 
the  pencyde.    The  development  of  cork  may  be  either  superficial  or  interna] '. 

The  following  points  may  be  mentioned  regarding  the  structure  of  the  Icmf. 
The  structiu-e  varies  even  within  the  limits  of  the  cenus  GMmlaria ;  thus 
G.  stygia  has  a  mesophyll  with  bifacial  structure;  in  G.  uicifolia  the  meaophyll  i> 
centric  and  composed  of  palisade-tissue,  whilst  in  G.  trichosanikm  it  is  centric, 
and  consists  of  approximately  isodiametric  cells.  The  stomata  -occur  on  both 
sides  of  the  leaf  in  all  the  investigated  species.  Usually  each  pair  of  guard-ceU> 
is  surrounded  by  several  ordinary  epidermal  cells,  but  the  same  leaf-suriact* 
sometimes  bears  stomata  which  follow  the  Rubiaceous  or  Caryoplr^leous  typo, 
besides  those  of  the  tvpe  just  mentioned.  In  many  species  of  GUbitUria  tht- 
epidermal  cells  both  ot  the  leaf  and  stem  contain  chlorophyll,  either  permanently 
or  temporarily.  Branched  sclerenchymatous  cells  have  only  been  met  with  in  th't- 
mesophyll  of  Globularia  arientalis.  According  to  Heckel,  the  structure  of  thi* 
principal  veins  is  of  systematic  value  in  the  diagnosis  of  species  of  GUMatia. 
In  G,  Alypum,  G,  arabica,  G,  cordifolia  and  G.  nudicaulis,  the  |)rincipal  vejn> 
are  embedded  ;  their  fibrovascular  system  is  surrounded  on  aU  sides  by  chloro- 
phyll-bearing tissue,  and  contains  a  mrmly  constructed  xylem.  In  the  remaining 
species  of  Globularia^  on  the  other  hand,  the  principal  veins  are  vertically  trans- 
current,  since  coUenchyma  extends  from  the  fibro-vascular  system  (which  here 
has  a  lax  xylem)  to  the  epidermis  ;  the  coUenchyma  is  either  present  on  both 
sides  (G.  stygia)  or  is  confined  to  the  upper  (C.  incanescens)  or  lowrr  side 


*  The  preceding  tommary  and  the  following  ttateaenta  are  nuualj  based  00  HaakcTa  work  and  on 
my  own  casual  inrestigatiooa.  Heckel't  investigations  extend  to  tiM  IoUovImp  spaoiaa:  Ckimhnd 
Alypum,  U,  G,  arahica,  Jaab.  et  Spach,  G,  c^nti/Uim,  L.  with  var.,  G.  iHeifilim^  WOlk^  C,  umm 
Kcns,  Viv.,  G.  nudi(4tmiis,  L.,  G.  tientalis,  L.,  G,  toNcima^  Lara.,  G,  i^/M,  OrpiL,  C,  ttmdU. 
I jmge,  G.  tnchosanika,  Fiich.  et  Mey.,  G.  vulgaris,  L.,  G.  H^ilfJhmnmii,  Njm.,  JSMmMinitm  ibmtats. 
L.,  //.  integrifolia,  L.,  H,  ttnuifoHa^  Schrad.,  Selmjga  cmjmk^ta^  L.,  5.  tfmnm^  l«, 
arfftsna,  Boisi. ;  I  examined  the  foUowing  species :  NeiemsirtUm  MnrfaHa^  U,  A  l 
DiKkitma  kispidum,  Choisy,  Seiago  f9rymUsm^  L.  and  Agmikti^  miimstifoiim^  CMiy. 


SELACINEAE 


699 


(C  orienUdis).  Regarding  the  mechanical  system  of  the  median  veins,  we  may 
add  that  in  GMmlana  sclerenchyma  may  be  present  accompanying  the  vascular 
bundles  in  varied  abundance. 

Ozmlaie  of  lime  has  been  observed,  in  the  form  described  above,  in  the 
epidennis  of  the  leaf  and  branch  in  Globularia  Alypum  and  G.  arabica ;  each 
epidermal  cell  contains  a  single  crystal  or  an  aggregate  of  a  few  crystals.  Oxa- 
late  of  Ume  appears  to  occur  in  much  greater  abundance  in  the  floral  organs, 
but  there  also  it  is  only  found  in  the  epidermis.  In  the  cortical  tissue  it  has  only 
been  met  with  in  Hebenstreitia  Unuifolia^  Schrad.  (Kupffender).  The  small 
crystals  which  occur  in  the  epidermis  in  Globularia  cardifolia  do  not  consist 
of  oxalate  of  lime. 

The  glandular  hairs,  the  nature  of  which  has  been  described  above,  are 
present  in  all  the  genera  and  species  investigated.  The  head  usuaUy  consists 
of  two  cells,  and  generally  has  two  knobs,  owing  to  the  arched  form  of  the  cells 
('  glandes  Ucipit6s  '  of  Heckel) ;  it  is  rarely  spherical  (Microdon  cylindricus). 
Heads,  composedof  four  cells,  are  common  infUohularia  nudicaulis^hvLi  according 
to  Kupffender  they  are  also  present  in  C  vu^aris.  The  secretion  of  Ume  by 
the  glands  has  been  demonstrated  by  Heckel  in  Globularia  Alypum,  G.  arabica^ 


PlO.  150.  Chalk  fUwk  of  Sel^gw  9purU^  L. :  A.  SapeHkrial  wction  of  tke  leaf  with  one  extcnuU 
giMid,  covered  by  a  scale  o^  fime,  and  anotbcr  decalcified  ;  B,  Gland  whh  cakarMW  Kale  ia  tectioa ; 
c.  Gland  in  tection  after  tlw  aohition  of  the  Kale.— Original. 

C  ilicifolia^  G,  incamscens^  G,  orientalis^  G.  vulgaris,  Hebensireiiia  denUUa^ 
U,  inUgrifolia,  Dischisma  Unuifolia,  Selago  corymbosa  and  5.  spuria  ;  the  lime 
forms  definite  scales,  which  fill  the  small  pits  situated  above  the  glands, 
their  mar^ns  resting  on  the  surface  of  the  organ.  Side  by  side  with 
the  glandiuar  trichomes,  simple  uniseriate  clothing  hairs,  compost  of  a  small 
nuniber  of  cells,  are  found  in  most  members  of  the  Order.  The  somewhat 
abundant  hairy  covering  on  the  bracts  and  sepals  of  Globularia  apparently 
consbts  of  uniseriate  clothing  hairs,  but  these  hairs  are  derived  from  glandular 
trichomes  with  long  stalks,  the  glandular  head,  which  is  composed  of  one,  two  or 
four  cells,  having  fallen  off. 

To  the  previous  statements  regarding  the  structure  of  the  wood,  we  may  add 
that  the  vessels  have  relatively  small  lumina  (maximum  diameter^ •024—03 
mm.) ;  the  cells  of  the  uniseriate  or  hi  seriate  medullary  rays  are  sometimes 
more  prosenchymatous  than  parenchymatous  in  shape  when  seen  in  tangential 
section  ;  the  wood-parenchyma  is  scantily  developed ;  in  Selago  corymbosa 
spiral  thickening  of  the  vessel-wall  occurs. 

The  development  of  cork  takes  place  subepidermally  in  Hebensireiiia 
deniaia,  but  is  internal  to  the  pericyclic  sclerenchyma  in  Selago  corymbosa.  The 
outer  portion  of  the  primary  cortex  is  sometimes  collenchymatoos.  In  the 
majonty  of   the  species  of  Globularia,  in  Hebensireitia  cordaia^  H.  deniaia. 
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Dischisma  hispidum  and  Sdago  corymbo$a.  the  pericyde  contains  isolated 
sclerench)rmatous  groups,  which  may  consist  either  of  parenchymatous 
{Dischisma  hispidum)  or  fibrous  cells  {Sdago  carymbosa). 

Lttentare:  Solereder.  HoUstr.,  1885,  p.  303.— Hedkd,  teuDn  d  rkadct  ealc  dct  Globsl.  e*. 
deft  a,  Compt.  rencL.  t.  cix,  1889,  pp.  35-8.— Soleicdcr,  Meimmmthu,  Siti.-Bcr.  dcatach.  bnt 
-     "   ■  -      "    U'lUA,    pp.  p>  73--Heckcl,  Sclikigd«ihub  aad    Uamaa,   tx 


Gesellich.,   1801,  G«n.-VCTi.-Heft,    pp.  7 a,  73.— 

mooogr.  det  Glob,  etc,  Boll.  Soc.  tdent.  Flammarioo,  1888-90,  Pvk,  189a — KujBeDdcr,  AmL  a 
GlobaUr.  n.  S,,  Diss.,  ErUngen,  1891, 60  pp.~Wettildo,  io  NatflrL  Vi^mvmhm ,  iV.  Tctl,  AbC  3  b. 
1895,  pp.  370-1. 

VERBENACEAE. 

1.  Review  of  the  Anatomical  Features.  The  most  characteristic 
features  are  as  follows :  the  wood-prosenchyma  bears  simple  pits,  and  i> 
sometimes  septate;  in  the  vessels  simple  perforations  predonunate,  while 
scalariform  pierforations  are  rarelv  found  accompanying  them;  glandular 
hairs  occur,  the  head  being  unicellular,  or  divided  by  vertical  waUs.  Apart 
from  glandular  hairs,  the  hairy  covering  (Fig.  131)  is  constituted  by  the 
follo\^ing  types  :  ordinary  unicellular  or  uniseriate  trichomes  (the  latter  some- 
times with  elongated  terminal  cells) ;  reduced,  silidfied,  unirennlar  hairs 
{Petraea) ;  unicellular,  two-armed  hairs  {Lippia) ;  uniceUidar  cvstolith-hairs, 
accompanied  by  cystolith-Uke  structures  in  the  subsidiary  ceUs ;  bracket- 
hairs  (Priva) ;  variously  branched,  multicellular  trichomes  (many  Chloantbeae 
and  Tectona) ;  and  peltate  hairs  with  a  characteristic  structure  (CUroitndrtm, 
Chloanihes^  Pityrodia).  As  a  rule  the  stomata  are  surrounded  by  a  consider- 
able number  of  ordinary  epidermal  cells,  but  the  Caryophylleoos  type,  with 
subsidiary  cells  placed  transversely  to  the  pore,  also  occurs.  The  develop- 
ment of  cork  may  take  place  superficiaUy  or  in  the  ndghbonrhood  of  the 
pericycle.  Internal  secretory  organs  are  not  present.  The  nectarial  glands 
found  on  the  lower  side  of  tne  leaf  in  species  of  Clerodendran^  ftc.,  belong  to 
the  category  of  external  glands.  Oxalate  of  lime  is  excreted  in  the  form  of 
small  acicular  or  prismatic  crystals.  The  following  anomalies  in  the  strocturf 
of  the  axis  are  met  with  :  (a)  the  formation  of  furrows  and  wings  on  the  sorlace 
of  the  stem  in  Laniana,  sometimes  leading  to  a  subsequent  splitting  of  the 
stem  into  four  longitudinal  portions ;  and  {b)  in  Avicennia^  socoessive  rings 
of  growth  of  extrafascicular  origin. 

2.  Structure  of  the  Leaf.  The  anatomy  of  the  leaf  has  been  examined 
by  Ves<]ue  in  a  general  comparative  manner,  and  by  Briquet  in  greater  detail 
in  certain  genera  belonging  to  the  tribes  Phrymeae,  Stilbeae  and  Chloanthgae  V 
The  mesophyll  may  be  bifacial  or  centric  in  structure.  The  ilamata  dther 
occur  on  both  sides  of  the  leaf,  or  only  on  the  lower  side;  tdien  an 
abundant  hairy  covering  is  present,  they  are  sometimes  strongly  prominent ; 
they  are  surrounded  by  three  %  four,  or  more  epidermal  cdls.  In  Siachytarpheta 
voliibilis^  according  to  Vesque,  stomata  of  the  type  just  mentioned  are  accom- 
panied by  others,  which  have  two  subsidia^  cells  plac^  transversely  to  the  pore ; 
stomata  of  the  latter  type  only  are  found  in  Clerodendran  sansibarense^  Gfirke, 
Lippia  nodiflora^  Michx.  and  Pdraea  volubilis^  L.  (Fi^.  131,  A).  The  epi- 
dermal ceUa  on  the  outer  side  of  the  rolled  leaves  occumng  in  certain  members 


*  Vesque  examined  tpedet 
Petraea,  Prenma^ 
(Tribe  PhrymeM 


BiiDed  tpedet  of  Aegifkila^  CaOicmffm^  CitJkofWJ^mm^  Cinwdtmdrwm^  Dmrmna^ 

\,  Siaihytarfkeia,  VtrUma  and  VU$s\    Briquet  imcidgatsd  ipfdM  of  Pkwjmm 

\,  of  CamifUsiackySy  Siiibe,  Emtkytimckjs.  Eufykkhum  aad  Xmrfimm  (Tnbe 

Sdlbeae)  and  of  Laekm^sttukys,  DiarastyUs^  ChUtmihst,  PArmNa,  Cpum$^4m  aad  ^mUtkamtmih 

(Tribe  Chloantbeae).    Regarding  the  ttractnre  of  the  peculiar  leaves  of  AtmttlMffm  WyMf.  Hicr. 


tee  Goebel,  1891,  loc  dt 

*  In  Cithartxylmm  qmmirmitgmlart  the  dtfclopment  of  the  itoital  appaalw  Mgwi  the  Cf«a- 
feront  tjpe  (Vetque). 
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of  the  Order  (species  of  the  genera  of  Stilbeae  examined  by  Briquet,  and  also 
of  ChloaniheSy  Dicrasfyles,  Lachnostackys  and  Pityrodia)  generally  have  large 
lumina.  Gelatinization  of  the  epidermis  of  the  leaf  has  not  been  observed ; 
on  the  other  hand  a  hvpoderm  of  several  layers  is  found  on  the  upper  side  of 
the  leaf  in  the  spedes  olAvicennia  (Wille,  Schimper).  The  leaf-teeth  of  Phryma 
contain  the  termination  of  a  vascular  bundle  provided  with  an  epithema^ 
and  have  a  group  of  water-pores  in  the  epidermis  above. 

The  fibrovascular  system  of  the  petiole  has  a  varied  structure.  In  most 
cases  it  forms  a  ring  or  an  arc,  with  one  or  two  pairs  of  additional  vascular  bundles 
on  its  upper  side.  In  Premna  scandens  the  vascular  bundles  are  arranged  in  a 
scalariform  manner  ;  in  Lippia  citriodora  and  ViUx  ti^us  casius  there  are  a  number 
of  groups  of  bast- tissue  on  the  inner  side  of  the  fibrovascular  arc  For  details 
see  V'csque,  Petit  and  Briquet,  U.  cc 

Internal  glands  do  not  occur  in  the  Verbenaceae.    Oxalate  of  lime,  in 

the  form  of  small  acicular  or  prismatic  crystals  sometimes  having  octa- 
hedral apices,  or  small  spear-shaped  crystals,  is  widely  distributed^  in  the 
parenchymatous  tissues  of  the  leaf  and  axis  (and  also  in  the  medullary 
rays  of  the  wood).  Ag^re^ates,  resembling  clustered  crystals  (petiole  of 
Caliicarpa  atnericana  and  Vitex  agnus  casius)  and  ordinary  larse  solitary 
crystals  (bast  of  Tectona  grandis,  L.  f.,  and  Petraea  arborea^  H.  B.  K.),  are  of 
rarer  occurrence.  Nuclear  crystalloids  have  been  met  with  in  the  leaf  by 
Zimmermann  in  a  plant  cited  as  CUrodendron  Thompsoni  (probably=C.  Tkom' 
sonae),  and  in  Verbena  officinalis. 

The  hairy  covering  is  very  varied,  and  will  repay  a  detailed  examination. 
Amongst  the  clothing  hairs  we  may  first  refer  to  the  simple,  unicellular  trichomes, 
of  which  the  following  are  special  forms  :  (a)  the  short  conical  hairs  occurring 
on  the  leaf  of  ViUx  agnus  casius^  and  seated  upon  the  vertical  division-wall 
between  two  adjoining  epidermal  cells  ;  (b)  the  short,  strongly  silidfied  trichomes 
of  Petraea  volubilis,  L.,  which  give  rise  to  pointed  conical  irregularities  on 
t!)e  leaf-surface,  and  are  embedded  singly  in  the  thickened  outer  wall  of  the 
epidermal  cells  (Fig.  151,  A-B) ;  (c)  the  uniodlular  two-armed  trichomes  of 
Lippia  nodiflora^  Michx.,  the  walls  of  which  are  strongly  thickened  and  vemi- 
cose  ;  and  (d)  the  cystolith-hairs  of  Verbena  Carolintana^  L.,  Lippia  Schaue* 
riana.  Mart.,  Lanlana  Sellowiana,  Lk.  et  Otto,  and  other  spedes,  in  which  the 
structure  of  the  hairs  is  similar  to  that  seen  in  the  Boragineae,  the  base  of 
the  hair  being  surrounded  by  subsidiary  cells  containing  cystoliths,  as  in 
that  Order.  We  may  mention  here  that  the  well-known  silidfied  rosettes 
of  cells  on  the  leaf  of  Tectona  grandis  contain  cystolith-like  bodies,  and  that, 
generally  speaking,  caldfication  and  silification  frequently  occur  side  by  side  ; 
and  lastly  that  cystoliths,  independent  of  hairs,  have  not  hitherto  been  observed 
in  this  Order,  but  may  possibly  occur.  Simf^e  uniseriate  hairs  are  also  widely 
distributed  in  the  Verbenaceae  (they  are  present,  e.g.,  in  Caliicarpa^  Clero* 
dendron  and  ViUx,  according  to  Vesque) ;  in  Pityn)dia  salvifolia^  R.  Br., 
they  consist  of  either  one  or  two  short  cells,  and  a  long,  terminal  ceU  with  thick 
walls ;  in  the  Stilbeae  examined  by  Briquet,  they  are  <^uite  generally  com- 
posed of  a  short  thin-walled  stalk-cell,  seated  on  the  epidermis,  and  a  long 
terminal  cell  ^*ith  thick  walls.  Other  types  of  uniseriate  hairs  are :  (a)  the 
bracket -hairs  of  Priva  tuberosa^  Wats.,  which  consist  of  an  epidermal  ceU 
(ser\'ing  as  a  basal  cell  to  the  hair),  and  a  second  cell,  which  is  probably  silidfied 
and  has  its  terminal  portion  bent  Uke  a  hook,  and  thickened  to  such  an  extent 
that  the  lumen  of  the  cell  disappears  at  this  point ;  (6)  the  small  trichomes 
on  the  lower  side  of  the  leaves  of  Aincennia  niMa^  Jacq.  (Fig.  131,  G)  and 

'  In  species  of  At^^kiU,  Ciikmrtjcj^tmm,  Clevdemdrmi^   Lmmitma^   Prtmrnm,  Simehyimrfkiim, 
Symphortma  and  Vittx  \  %tt  MoUer,  Vctqve,  Solcreder,  IL  oc. 
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A.  officinalis^  L. ;  excluding  the  epidermal  ceD  which  serves  as  a  oedestal. 
these  hairs  consist  of  a  short  stalk-cell  and  a  pear-shaped  terminal  c^  placed 
horizontally  and  excentrically  on  the  stalk ;  these  hairs  give  a  dull  appear- 
ance to  the  lower  surface  of  the  leaf  in  A.  nitida^  and  a  white  appearance  to 
that  of  A.  officinalis.  Very  characteristic  peltate  hairs  are  found  in  the  spedes 
of  CUrodendfon  belonging  to  the  group  douamata  (see  DC  Prodr.  xi,  1847, 
p.  668  et  seq.),  and  in  certain  species  of  jPityrodia  and  CUoanthes.  In  the 
peltate  hairs  of  CUrodendron  sqtutmatym^  Vahl.  (Fig.  151,  C'D\  the  variously 
shaped  shield  has  an  entire  margin  and  consists  of  several  layers  of  pc^y- 
gonal  cells ;  it  is  seated  on  a  i^ate  of  smaUer  area  composed  of  a  sinrie  layer 
of  cells,  and  forming  the  stalk  of  the  scaly  hair ;  in  the  devdopment  of  this  lower 


Fig.  151.  A-B,  fViram  vcim^'iit,  L. :  A^  Bpkiennia  of  the  leaf  i«  ■vfue.vitw,  ■»  fai  trBMiif 
■ection.  c-D,  IVltate  Kair  of  CUtnodtmdtvm  Sftutmmhttm,  VakL  B-r,  Mtate  kttk  of  Al^iPodMt 
tmhi/Uda,  R.Br.  Q.  Trichooieaoo  UMMrCaceoTtlMleaf  io^odwMtif  «Mlt,  joeo.  m^QtmOatM 
hair  of  Piiyrodf  tahnJolia^-Q-o  after  O.  BaHtmaaii,  tile  rtaaiwier  origteai 

plate  four  cells  are  first  formed  by  two  vertical  walls,  crossinff  one  another  at 
right  angles,  and  by  further  divisions,  break  up  into  12-16  rather  thick-waOed 
cells  (O.  Bachmann).  The  small  scales  (lepides)  of  Piiyrodia  (Fi«.  151,  E-F)  and 
Chloanihes  agree  in  their  structure  ;  the  stalk  is  uniseriate,  often  rather  long, 
and  composed  of  a  few  cells,  which  become  shorter  towards  the  shidd ;  the 
latter  consists  of  a  layer  of  cells  which  are  polysonal  in  snrfaoe-view»  and  are 

eoduced  at  the  margin  of  the  shield  into  very  short  {Chlomntlm  lonatlm^  F.  v. 
iill.)  or  relatively  long  {Piiyrodia  salvifolia^  R.  Br.)  rays.  If  we  imagine 
the  central  polygonal  cells  of  these  peltate  hairs  reduced  or  absent  we  should 
obtain  structures  Uke  stellate  hairs,  and  these  are  present  00  the  iurfaoe  of 
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the  leaf  in  Pityradia  sahifoUa^  where  they  accompany  the  scales,  and  have 
also  been  described  in  P.  oirMicina^  F.  v.  MQll.  oy  O.  Barhmann.  In  P. 
Bartiingii^  Benth.,  we  find  different  transitional  forms  between  stellate  hairs 
(like  those  described  above)  and  variously  branched  trichomes,  which  have  thi 
walls,  but  show  no  other  points  of  agreement  besides  the  uniseriate  character  of 
the  main  axis  and  the  fact  that  the  branches  of  the  highest  order  consist  of  sin^e» 
rather  long  ceUs.  I  have  met  with  branched,  usuaDy  thin-walled  trichomes  (which 
often  appear  like  stellate  hairs  when  examined  with  a  kns),  in  Lmdimitachy% 
Wakottii,  F.  v.  Miill.,  Tedana  grandis,  and  Ckloanikes  Stoechadis,  R.  Br.  (where 
they  are  almost  dichotomously  branched)  ^  Trichomes  belonging  to  the  same 
category  are  found  in  CaUicarpa  americanoj  L.  (according  to  Vesqoe)  and 
DicrasfyUs  Stoechas^  Drumm.  (according  to  Briauet) ;  thc^  have  a  structure  ap- 
proaching that  of  the  well-known  candelabra-haiis  of  Verimicmm.  Glandular 
hairs  are  widely  distributed  in  the  Order.  The  heads  of  these  hairs  are  uni- 
cellular, bi-  or  multicellular,  aU  the  di  vision-walb  being  vertical  *.  The  glandular 
hairs  may  be  classified  under  two  categories,  viz.  (a)  hairs  with  a  relatively 
small  head,  which  is  either  unicellular  or  divided  by  one  or  few  vertical  walls ; 
and  (b)  hairs  with  a  larger  disc-shaped  head  composed  of  more  numerous 
cells.  The  hairs  of  the  first  type  have  b^n  observed  in  Pknyma^  in  the 
Stilbeae  examined  by  Briquet,  in  uicrastyUs  and  PUyrodia ;  they  have  a  short, 
unicellular  or  multicellular  stalk,  which  is  sometimes  elongated  (occasionally 
composed  of  5-8  cells  in  PUyrodia) ;  the  hairs  of  the  second  type  always  have 
short  stalks.  In  the  disc-shaped  glandular  hairs  the  structure  is  eitner  the 
same  as  in  the  pdtate  glands  of  the  Oleaceae  (Avicennia^  Petraea^  Fig.  X3X,  A\ 
or  the  accumulation  of  secretion  is  subcuticular,  as  in  the  bladder-like  integu- 
mental  glands  of  the  Labiatae  (e.g.  in  Pityradia  sahifcUa^  R.  Br.').  Some- 
times the  peltate  glands  in  question  are  deeplv  sunk  in  the  tissue  of  the 
leaf,  and  give  rise  to  transparent  dots*  (CaUicarfa  lonnfoUa^  according 
to  Bokomy,  Clerodendron  acmeatum,  Griseb.,  according  to  Kadlkofer).  The 
description  of  the  glandular  hairs  is  naturally  followed  by  that  of  the  nectarial 
glands  found  on  the  lower  side  of  the  leaf  in  Clerodendron  fragrans^  and  other 
species  of  the  same  genus ;  these  have  been  examined  by  Rdnke.  A  trans- 
verse section  through  one  of  these  glandular  dots  shows  that  the  epidermis 
here  consists  of  cells  elongated  like  a  palisade ;  below  the  epidermis  there  is 
a  layer  of  polygonal  tabular  cells,  about  sixteen  times  as  large  as  the  palisade- 
cells  in  surface-view,  and  having  the  walls  perpendicular  to  the  surface  of 
the  organ  suberized ;  the  secretion  collects  beneath  the  cutide,  and  consists 
of  a  mixture  of  gum  and  sugar,  the  latter  occasionally  crystallizing  out. 
The  nectarial  glands,  mentioned  by  Delpino  as  occurring  on  the  leaf-surface 
or  petiole  in  species  of  CaUicarpa^  CMarexylum  and  Dnrania^  require  further 
investigation. 

3  Structure  of  the  Axis.  In  the  first  [dace  we  may  mention  that» 
as  stated  by  Briquet,  the  young  branches  of  Phryma  are  quadrangular  in  section, 
whilst  those  of  the  Stilbeae  and  Chloantheae  are  generally  pdygonal  (with 
three,  four,  or  many  sides).  In  some  few  Stilbeae  and  Chloantfa!^  the  stem 
is  winged.    Four  strongly  developed  '  macroptera '  are  found  in  certain  spedes 

'  Other  examples  of  thii  type  are  the  bnuiched  tricbooMi  of  species  of  Cjmmt^m  aad  S/tiH^ 
tkMmtuUa  (acoordinff  to  Briqnet),  aad  probably  also  the  stdlalie  bdis  f^Pi^^Mfw  and  Lacktm^ 
{tpkaius,  mentioiied  br  Briqaet. 

'  According  to  Wille^  bowever,  coUeters,  with  a  imlcelhdar  stalk  and  a  head  coosistiiy  of  two 
tian  of  eells,  occur  oa  the  ndimcotary  leaves  io  Aviemmim  mttidm. 

*  Briqiiet  also  mentioos  disc-shaped  glands  as  occmring  in  Dienutyktf  CymmtUgia  aad  SfmU 

*  Other  trsnsparcnt  dots  io  the  leaf  are  dae  to  silidfied  maps  of  cella  Maifclif  tha  pasitiQa  of 
hairs,  which  have  lalleo  olT  (/Vvwusa  pkiHppimmtis^  TafcO*  or  are  caased  byfiesam  pirodacad  in 
the  leaf  daring  drying  {Citkmrtjcjflmm  eitumm,  L.)  (RadUnCer). 
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of  Chloantkes,  such  as  C.  Stoeckmdis.  R.  Br. ;  they  envelop  the  greater  part 
of  the  branch,  and  contain  abundant  aammilatory  tissue  with  a  system  ot 
vascular  bundles,  the  whole  being  bounded  on  the  outer  side  by  an  epidermi> 
composed  of  laiige  cells,  which  are  mostly  provided  with  a  thick  outer  wall, 
while  the  epidermis  on  the  inner  side  has  thin  walls,  consists  of  small  cells. 
and  includes  stomata.  Distinct  '  micropteia,'  which  are  T-shaped  in 
transverse  section,  occur  in  Xeraplana  Zeykeri^  Briqu. ;  the  same  organs. 
but  less  strongly  developed,  are  found  in  SpartoUutmndla  junua^  Briqu.. 
where  they  contain  a  bundle  of  sderenchyma  beneath  the  epidermis. 

The  development  of  the  cork  either  takes  place  subepidermally  (Aeg^- 
phila,  Ciiharexylum,  Stachytarpheta  and  ViUx^  according  to  Vesque),  or  in 
the  second  or  third  cell-laver  of  the  priniary  cortex  {ViUx  and  Cwmrexylum. 
according  to  MdUer),  or  deep  in  the  primary  cortex,  a  few  ceU«layers  out- 
side the  pericyde  (Stilbeae,  according  to  Briquet).  In  the  Chloantheae  no 
cork  is  to  be  found  in  branches  such  as  are  preserved  in  herbarium-material 
(Briquet).  The  cork-cells  have  thin  walls  in  Ciiharexylum  qtMuirmngulmre, 
Jacq.  and  Vitex  agnus  castus^  L. ;  in  TecUma  rrandis  some  of  them  are  strongly 
thickened  on  the  internal  taiigential  waUs,  whilst  in  Pdraea  arboreM,  H.  B.  K.. 
they  are  tabular  and  thickened  on  the  outer  side  (M5Uer).  The  presence  ol 
coUenchyma  in  the  primary  cortex  is  not  rare.  An  endodermis  is  wanting  in 
most  cases  (Bom).  On  the  other  hand,  there  are  usually  isolated  bundles 
of  hard  bast  in  the  pericyde;  they  sometimes  almost  become  united  to 
form  a  ring,  and  stone-cells  may  also  appear  in  their  neighbomiiood,  but  a 
composite  and  continuous  sclerenchymatous  ring  is  rardy  {PeimeM  arborea, 
Avicennia)  present.  Bands  of  bast-fibres  with  stone-cells  are  mentioned  by 
Moller  as  occurring  in  the  secondary  bast  of  ViUx  agntts  casius  and  Tedona 
grandis^  whilst  Briquet  states  that  '  sd6r6ides '  are  present  in  the  same  region 
in  spedes  of  Euryhbiumy  CUoantkes^  PUyrodia  and  Cyanosiegui ;  in  Cklomnikes 
coccinea^  Bartl.  and  PUyrodia  Bartlingii,  Benth.,  almost  the  whole  of  the 
phloem,  with  the  exception  of  the  sieve-tubes,  is  sderosed. 

In  the  structure  of  the  wood  *  the  most  important  features  are  the  simple 
pitting  of  the  wood-prosenchyma  and  the  constant  presence  (even  in  the  herba- 
ceous species,  according  to  Bom)  of  medullary  rays.  The  latter  are  from  one  to 
six  rows  of  cells  in  breadth.  The  size  of  the  lumina  of  the  vessels  varies  very 
considerably  (maximum  diameters -024—18  mm.).  The  perforations  of  the 
vessels  are  generally  simple.  In  SHlbe  pinastra^  L.,  Campyhsiiuhys  cermma^ 
Benth.,  ChloarUhes  Stoeckadis^  R.  Br.  and  Vitex  saligna^  Koxb.»  the  simple 
perforations  are  accompanied  by  others  of  the  scalariform  type  which  occur  in  the 
neighbourhood  of  the  primary  wood,  or  in  the  secondary  wood  itself  also ;  some 
of  these  scalariform  perforations  exhibit  an  anomalous  arrangement  of  the  bars. 
and  similar  irregularities  are  recorded  by  Briquet  in  other  Stilbeae  and  Chloan- 
theae. Spiral  thickening  of  the  walls  of  the  vessels  and  trachdds  has  been  shown 
to  occur  in  Caryopteris  Masiacanihus^  Schauer.  In  contact  with  parenchyma  ol 
the  medullary  rays  the  vessel-wall  dther  bears  bordered  ]»ts  only,  or  (Aegipkila, 
Congea,  Sym'phorema^  Vitex)  simple  pits  as  u'eU.  Relativdy  strong devdopment 
of  the  wood-parenchyma  is  only  found  in  species  of  Citkmrexylum^  whov  it  occurs 
in  the  form  of  tangential  bands  (Mdller),  and  in  the  spring-wood  of  Tedoma 
grandis.  The  wood-prosenchyma  bears  simple  pits,  and  is  partly  septate  in 
species  of  AegiphUa,  Campyhstachys^  Chloantkes^  Congea,  EfitkyskuJkytj  tjnUmm^ 
Petraea,  Stilbe,  Symphorema  and  Vitex.  It  remains  to  mention  that  m  the  heart- 
wood  of  Petraea  volubilis,  P.  arbarea  and  Tectona  grandis^  considerable  aocomu- 


'  The  »tatMii€nU  in  my  '  Holzttinktnr  *  are  bued  on  Uie  txuaimaikm  of  wptdm  of  iIm 
.S/f7/V.  Camfyhsiackys,  Petraea,  Fitex,  Chlaantkes,  Immtama,  Aegi^kUm^  CmjtjfJnJM^ 

Coftjiea  and  Avieemmia. 
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lations  of  silica  have  been  observed  (Criiger).  In  Peiraea  they  fill  the  lamina  of 
all  the  elements  of  the  wood,  whilst  in  Tectona  they  only  occur  in  the  cavities  of 
the  vessels. 

The  pith  is  homogeneous  in  the  Stilbeae  (Briquet),  heterogeneous  in  LatUana 
Camara  (Mentovich) ;  in  Pkryma  the  stem  becomes  fistular  at  an  early  stage  ; 
in  the  ChJoantheae  the  pith  rarely  consists  of  cells  with  thin  walls. 

Anomalies  in  the  structure  of  the  axis  are  not  common  in  this  Order. 
Some  of  the  lianes  (Petraea  volubilis^  L.  and  species  of  LarUana^  according  to 
H.  Schenck)  have  normal  structure.  Amongst  the  lianes  an  undetermined 
stem  of  Lanlana^  belonging  to  Schenck's  collection  (No.  654),  has  four  deep 
furrow?,  corresponding  to  the  orthostichies  of  the  leaves.  According  to 
H.  Schenck,  the  formation  of  furrows  and  the  development  of  wings  (which 
take>i  place  in  connexion  with  the  former  character)  are  still  more  t)rpical 
in  LarUana  lilacina^  Desf.  The  young  axis  of  this  species  may  have  four 
of  these  ^*ings  or  many,  or  the  stem  may  be  band-shaped.  In  stems  which 
have  attained  a  thickness  of  3-4  cm.,  longitudinal  fission  into  four  segments, 
corresponding  to  the  principal  wings,  taxes  place,  probably  as  a  result  of 
torsion  ;  these  segments  continue  to  grow  in  thickness  by  means  of  their 
cambium.  Similar  structural  features  are  described  by  Fritz  Muller  and 
Criiger  as  occurring  in  certain  undetermined  climbing  species  of  LatUana.  An 
anomaly  of  another  type  is  exhibited  by  the  branches  of  the  shrubby  or  arbores- 
cent species  of  A  vicmnia  (A .  officinalis^  L.  and  A .  nitida^  Jacq.,  see  De  Bary,  Wille 
and  H.  Schenck),  viz.  that  of  successive  rings  of  growth  *.  The  original  ring  of 
vascular  bundles  is  limited  externally  by  a  comjx)site  and  continuous  sderen- 
chymatous  ring,  on  the  inner  side  of  which  the  soft  bast  is  situated ;  the  latter, 
however,  does  not  form  a  continuous  annular  zone,  but  occurs  as  isolated  bundles* 
separated  by  lignified  medullary  rays,  which  constitute  bridge-like  connexions 
between  the  xylem  and  the  sclerenchymatous  ring.  The  first  ring  of  bundles 
scarcely  attains  a  thickness  of  \  mm.  It  is  followed  by  parenchymatous  tissue 
and  then  by  the  second  ring  of  vascular  bundles,  which  arises  in  an  extrafascicular 
position  and  is  adjoined  externally  by  a  sclerenchymatous  ring,  composed  of 
from  one  to  two  layers  of  short  cells.  The  first  ring  of  growth  is  no  broader 
than  the  original  ring  of  vascular  bundles,  and  its  phloem  is  again  differentiated 
in  the  form  of  cell -groups,  separated  by  strips  of  woody  tissue,  which  are  com- 
posed of  medullary  rays,  wood-prosenchyma  and  vessels,  and  connect  the  ring 
of  xylem  with  that  of  the  sclerench>Tna.  This  is  followed  by  a  second  and  third 
secondary  ring  of  growth,  these  being  always  narrow;  all  of  them  are 
extrafascicular  in  origin. 

Note. — The  negatively  geotropic,  aerial  roots  of  Avicennia  officinalis  have 
been  examined  by  Goebcl'and  H.  Schenck.  Features  which  mav  be  especially 
noted  are  the  layer  of  cork,  extending  even  over  the  apex  01  the  root,  and 
the  formation  of  lenticels  in  this  tissue  ;  also  the  occurrence  in  the  lacunar  cortex 
of  isolated  cells  haWng  large  lumina  and  walls  proxided  with  peculiar  thickening 
ridges. 

Liierttnre  :  Criiger,  in  Eot.  ZciL  1857,  p.  279.— Fr.  Muller,  in  Bot.  Zeit  1866,  p.  j7  and  Tab.  iii. 
Moller,  Ilolzanat,  Denkschr.  Wiener  Akad.  1876,  pp.  5.V6  and  349  ct  tcq.—Ketnke,  in  Pring*- 
heim  Jahrb..  R).  x,  1876,  p.  155  and  Tab.  xii.— De  Bary,  Vcfgl.  AnaL,  1877,  emcially  pp.  96  and 
^5  et  set].— Ik>komy,  Dorchs.  P.,  Flora  i88a,  p.  37a  and  sep.  copy,  p.  a6.— MoUcr,  RindcaanaL, 
i.HSi,  pp.  174-7.— Wille,  Om  sUmm.  og  blad.  bygn.  hoa  Ai^uetmia,  Hot  Tid»kr.,  toL  xtii,  1883, 
PP*  J.^-44f  ^itb  French  resam^  and  Tab.  it-v. — Vesqoe,  Gamop^alea,  Ann.  sc  nat.,  i^.  7,  t.  i,  1885, 
PP*  .^35  44  >uid  pL  15.— MentoTtch,  Mark,  Klaasenbarg,  1885,  Hnngarian ;  abHr.  Jot  1885,  t, 
p.  787.— Solercder,  Holistr.,  1885,  pp.  203  6.— Bom,  VergL  Anat.  d.  Sccng.  d.  l^iMaten  etc,  Dni., 
Berlin.  1886,  p.  50.— O.  Bachmann,  Schildh.,  Flora  1886,  sep.  copy,  p.  37  and  Tabu  ix.— Goebel, 
l.aftw.,  Siti.-Ber.  dentscb.  bot.  Geiell«ch«  1886,  pp.  252-3.— Morini,  Nett.  estranu.,  Mem.  Accad. 

'  The  anomaly  occurring  in  Avuetmia  was  quite  incorrectly  interpreted  by  Mollcr  (Sitt.-Ber. 
Wiener  Akad.  1876,  pp.  31-5  and  Tab.). 
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Bolog:nm,  1886,  p.  35a  and  Uv.  iii.^Radlkofer,  Dnrdis.  P.»  Sitx.-Ber.  Miinch.  Akad.  1886,  p.  316.— 
Petit,  Petiole,  Mem.  Soc.  ic.  pbyt.  et  nat  de  Boffdeaiu,  i^.  3,  t.  Ui,  1887,  jmx  151-4  aad  pi.  vi— 
T)ouliot,  in  Ann.  ic.  nat.,  i^r.  7,  t  x,  1889,  p.  382  *.— H.  Schcnck,  Loltw.,  Flora  188a,  pp.  8j-«  and 
Tab.  iii.— Radlkofer,  in  Sitz.-Ber.  Miinch.  Akad.  1800,  p.  laa.—Goebd,  PflaBMDbkiL  ScKiU     ' 
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—Russell,  ClimaL  mM.,  Ann.  sc.  nat.,  i^.  8, 1 1,  1805,  p.  543.— Briquet,  Appareil  T^geutif  de* 
Phrymacto,  Stilboid^  Chloanthoidto  etc,  Mte.  Sac.  pbyt.  et  hist  nat.  de  GciHc^  t.  xuii. 
2*  partie,  1806,  sep.  copy,  pp.  5-79.— Warming,  HaloM  Stad.,  K.  Danike  Vid.  Sehk.  Skr.  1897. 
p.  a33.H[Solereder,  BmddUta  GtisuoMOj  Boll.  Herbier  BoMer  1898,  p.  634  et  aeq.] 

LABIATAE. 

1.  Review  of  the  Anatomical  Features.  A  very  characteristic  feature 
of  the  Labia tae  is  the  possession  of  ethereal  oil,  which  is  excreted  mainly  beneath 
the  cuticle  in  various  kinds  of  capitate  hairs,  and  especially  in  the  shortly 
stalked,  bladder-like  integumental  glands  (Fig.  152,  C-D).  In  the  capitau- 
hairs  the  head  is  either  unicellular,  or  divided  by  vertical  walk  only*  as  in 
the  allied  Orders.  Other  characters  of  importance  in  the  anatomical  diagnosis 
of  the  Order  are  as  follows  :  the  tendency  to  the  formation  of  a  charactehstic 
type  of  stoma  with  subsidiary  cells  lying  transversely  to  the  pore  (Fig.  152,  D) ; 
excretion  of  oxalate  of  lime  in  the  form  of  small  needles,  rods  and  plates,  rarely 
as  clustered  crystals  ;  perforations  of  the  vessels  mostly  simple  ;  ¥rood*pro»- 
enchvma  with  simple  pits  and  sometimes  septate ;  and  lastly  the  frequent 
development  of  typical  coUenchymatous  tissue  in  the  primary  cortex,  especially 
in  the  angles  of  the  stem  and  branches.  The  place  of  origin  of  the  cork  i> 
variable,  and  so  is  the  structure  of  the  pericycle  (with  reganl  to  the  presencc 
or  absence  of  an  endodermis,  or  of  primary  hard  bast).  Apart  from  the  ex- 
ternal glands  referred  to  above,  the  hairy  covering  consists  of  simi^  uni- 
cellular and  uniseriate  trichomes,  unicellular  bracket-hairs,  and  branched 
hairs  of  varying  structure.  Special  features  are  as  follows  :  hypoderm  in  the 
leaf  of  Rosmarinus ;  resin-cells  in  the  leaf  of  PkysosUgia  and  Brmzarim  ;  lamel- 
lated  cork  in  Sideritis ;  and  the  occurrence  of  secondary  groups  of  wooA  and 
phloem  in  the  bast  of  old  stems  of  Thymus  vulgaris^  L. 

2.  Structure  of  the  Leaf.  Considering  the  large  siie  of  the  Order, 
which  includes  nearly  2,700  species,  the  leaf-structure  has  been  little  examined^ 
and  chiefly  in  a  general  comparative  manner  by  Vesque.  On  the  other  hand. 
the  hairy  covering  has  repeatedly  formed  the  subject  of  detailed  investiga- 
tions by  Bom,  Hoch,  C.  Schmidt  and  others. 

Regarding  the  ordinary  leaf-structure,  we  need  only  mention  that  thr 
mcsophyll  is  either  centric  or  bifacial,  that  the  stomata  are  either  restricted 
to  the  lower  side  of  the  leaf,  or  occur  on  both  surfaces,  and  that  the  vascular 
bundles  of  the  veins  may  or  may  not  be  accompanied  by  sclerenchyma.  Accord- 
ing to  V'esque  and  others,  Rosmarinus  officinalis^  L.  possesses  a  hypoderm  oi 
large  cells  on  the  upper  side  of  the  leaf,  vertically  transcurrent  veins,  and 
branched  spongy  parenchyma.  In  most  members  of  the  Order  the  ilcwnati 
are  accompanied  by  two  or  more  subsidiary  cells,  arranged  transversely  to 
the  pore '.  This  type  does  not,  however,  as  Vesque  rightly  pointed  out«  occur 
in  all  Labiatae.  In  Teucrium  Scordium^  for  example,  it  is  somewhat  obscured 
by  the  ])resence  of  stomata  bounded  by  several  cells,  accompanying  those 


*  Tbe  *  Luhea  sptdosa^  referred  to  by  Doaliot  amongit  the  Vcrbeoacne,  is  •  ncahv  «f  the 
Tiliaceae ! 

'  In  this  case  both  tbe  subsidiary  cells  and  tbe  motber-eell  of  tbe  gurd-cdk  arlM  frooi  tbc 
initial  cell  by  a  series  of  divisions  corresponding  to  tbe  coarse  of  derelopiDCit,  wofioed  Qirt  bySttHbaifn 
in  Thymus  strfyUum  and  Pkysastepa  virginiamtu 
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with  typical  subsidiary  cells,  and  this  is  still  more  pronounced  in  AmelkysUa 
caewuUa  and  Teucrium  iucidum.  Oxalate  of  lime,  when  present  in  the  leaf 
or  axis,  is  excreted  in  the  form  of  small  acicular,  rod-shaped,  or  octahedral 
crystals,  which  often  occur  in  considerable  numbers  in  the  same  cell ;  clustered 
crystals  are  rare  (Lycopus^  according  to  Briquet,  Pycnanihemum  linifoUum^ 
Pursh,  according  to  Bom).  In  the  reproductive  organs  of  the  plant,  clustered 
and  ordinary  solitary  crystals  appear  to  be  more  widely  distributed  than  in 
the  vegetative  region  ;  thus  Briquet  met  with  clustered  crystals  in  the  floral 
receptacle,  and  soUtary  crystals  in  the  fruit  of  Galeop$is.  The  occiurence 
of  large  sac-like  secretory  cells  in  the  mesophyll  of  the  genera  Pkysosiegia  and 
Brazoria  is  of  special  interest,  because,  as  far  as  is  known,  the  secretory  system 
i>  entirely  represented  by  external  glands  in  the  remaining  members  of  the 
Order.  The  secretory  cells  of  PhysosUgia  and  Brazoria  give  rise  to  transparent 
dots  and  striulations  in  the  leaf.  Hohnel  first  described  them  in  PhysosUgia 
virginiana,  Benth.,  where  they  form  sacs  about  -18  nun.  long  and  -008  mm. 
broad,  and  have  suberized  walls,  two  or  three  of  them  often  being  in  lateral 
contact  with  one  another.  The  secretory  sacs  which  I  found  in  PhysosUgia 
iniftmedia,  Engelm.  et  Gray  (Curtiss,  n.  2051,  Texas)  and  Brazoria  scuuHa- 
rioides^  Engelm.  et  Gray  (Lindheimer,  Texas),  have  a  similar  structure. 

The  hairy  coverii^  is  very  varied  and  promises  to  aflord  valuable  results 
for  special  diagnosis.  Important  features  for  the  diagnosis  of  the  entire  Order 
arc  the  frequent  occurrence  of  clothing  and  capitate  hairs  side  by  side,  and  the 
fact  that  the  capitate  hairs,  which  for  the  most  part  have  a  glandular 
function,  possess  a  uni-  or  multicellular  head,  divided,  when  multicellular, 
almost  exclusively '  by  vertical  walls.  The  ordinary  form  of  clothing  hairs 
consists  of  simple,  uniseriate  trichomes,  unicellular  hairs  being  rare  in  the 
Labiatae.  The  uniseriate  hairs  vary  in  length,  sometimes  only  consisting  of 
two.  but  often  of  many  celk ;  the  wall  is  either  smooth,  or  provided  with 
cuticular  thickenings.  The  basal  cell  is  commonly  spherical  and  swollen,  or  (as  in 
species  of  GaUopsis  belonging  to  the  section  Tetrahii,  species  of  Siachys^  Lamium^ 
Origanum,  &c.)  seated  on  a  pedestal  composed  of  several  epidermal  cells ; 
sometimes  (BaUota)  the  individual  cells  of  the  hair  form  distinct  articulations. 
A  sp^ecial  form  of  uniseriate  hair  is  represented  by  bicellular  trichomes  Mith 
a  short  basal  cell  and  a  long  terminal  cell  (species  of  Betonica^  Westringia^ 
&c.).  According  to  C.  Schmidt  the  bracket-hairs  of  Mentha  saiiva  and  Ocimum 
basiiicum  are  special  types  of  unicellular  hairs.  Branched  or  tufted  multi- 
cellular trichomes  have  been  met  with  in  species  of  BaUota^  BeUmica^  Gompho- 
sUmma.  Lavandula,  Marruhium,  Mentha^  NepHa^  Phlomis,  Rosmarinus^  Stackys 
and  Teucrium  ;  we  shall  now  refer  to  those  which  have  been  more  fully  <fc- 
<cribed. 

The  branched  hairs  of  Mentha  rotundifolta,  Huds.  have  a  uniseriate  main  axis, 
and  lateral  branches  showing  a  similar  structure  but  without  special  orientation 
( Briquet).  In  Lavandula  Stoechas,  L.  only  a  few  simple  ray-cells  are  attached  to  the 
unicellular  stalk  (Briquet),  whilst  in  Lavandula  vera^uC  (rig.  IS2  A)  the  branching 
is  usuallv  much  more  abundant.  The  hairs  of  Teucrium  Folium^  L.  are  similar  to 
those  of  LavafidtUa  (Bom).  In  Marrubium  supinum,  L.,  Af.  creticum,  'And.',  M,  can- 
dtdtsstmum,  L..  Stackys  affinis,  Fres.  and  5.  rugosa.  Ait.  series  of  unicellular  hairs, 
having  their  basal  portions  fused,  are  given  off  in  2-4  orthostichies  from  what  may  be 
described  as  the  axis  or  prolongation  of  the  stalk  of  the  trichome ;  the  terminal  portion 
of  the  tnchomc  is  constituted  by  a  long,  multicellular  hair :  in  S.  wugosa  the  ramifica- 
tion may  be  repeated  in  the  region  of  the  terminal  hair  (Bom).  Stackys  aerypHaca^ 
Pers.  possesses  trichomes.  some  of  which  are  very  similar  to  the  hairs  just  described 
(Volkens.  I-ig.  152  B).    The  stellate  trichomes  of  Phlomis  ianaUt^  Wtlld.  consist  of 


'  Aq  excentioo  it  afforded  by  the  fUlkcd  glukdoUr  hiun  on  the  sumcnt  of  Lsmimm  mihmm,  in 
which  the  head  is  divided  by  hori/ooul  wmllt,  or  by  both  horiiootml  uid  wrtiod  wmlls  (Ranter). 
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a  biseriate  stalk,  from  the  end  of  which  4-6  nnicellalar  hain  radiate  outwards. 
GomphosUmma  strobilinum.  Wall,  has  aimiUr  stellate  hairs,  but  with  a  onicdlular 
stalk. 

The  glandular  hairs  are  just  as  varied  in  form  as  the  dothiiig  hairs,  and 
several  types  may  occur  side  by  side  in  the  same  species.  Every  member  of 
the  Order  probably  possesses  at  least  one  type  of  glandular  hair.  Vesaue's 
statement  that  external  glands  are  wanting  in  '  PkysosiegU  imbricMU,'  which 
is  distinguished  bv  the  possession  of  secretory  cells,  is  probcudy  incorrect ;  I  have 
met  with  external  glanos  both  in  the  two  species  of  Physostegia  referred  to  above, 
and  in  a  species  of  Braxoria^  which  is  lil^wise  distinguished  by  the  possession 
of  secretoiy  cells.  The  glandular  hairs  may  be  classified  in  two  groups,  vit. 
(a)  those  which  have  a  variously  shaped  glandular  bead,  forming  Uttk  or  no 


Fio.  15a.    Hairy  ooverinf  of  the  Labtatae :  A.  c 
Sisckjt  mtijptiae^  Pertu— A,  C,  D  original.  •  wtxi  VoU 
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secretion  below  the  cuticle,  and  (6)  shortly  stalked,  bladder-like  integomental 
glands,  in  which  the  cuticle  of  the  glandular  head  is  raised  like  a  bladder, 
owing  to  the  great  acounulation  of  secretion.  The  latter  type  is  spedaOy 
characteristic  of  the  Order.  The  external  glands  of  the  first  category  have 
a  unicellular  or  uniseriate  stalk  of  varying  length  and  a  spherical  or  ellipsoidal 
or  disc-shaped  head  of  varying  size,  the  head  being  eitner  onioelhilar,  or  bi- 
or  multicellular,  owing  to  the  presence  of  one  or  a  few  vertical  waDs.  The 
bladder-like  integumental  glands  are  mostly  inserted  on  the  epidennis  by 
means  of  a  short  stalk-cell,  and  are  commonly  sunk  in  small  pits  on  the  surface 
of  the  leaf ;  they  are  usually  divided  by  4, 8, 16,  &c.,  radial  votical  walls»  placed 
at  right  angles  to  the  suriace  of  the  organ  bearing  the  hair ;  more  raray  the 
surface- view  of  the  head  shows  a  somewhat  irregular  arrangemeot  of  the  cells 
since  all  of  them  do  not  reach  to  the  centre.  I  must  not  (»nit  to  mentiop  that 
these  bladder-like  integumental  glands,  when  depressed  in  small  pila»  some* 
times  give  rise  to  transparent  dots  in  the  dried  leaf,  e.g.  in  Mfmmim  cUnoiom^ 
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Cerv.,  A/,  punctata^  L.,  Lycoptis  atisiralis,  R.  Br.,  L.  europaeus^  L.,  L.  lucidus^ 
Torcz.,  and  in  other  cases  (according  to  Radlkofer). 

In  order  to  make  the  reader  acquainted  with  the  forms  of  elandular  hairs 
occurring  in  the  Lahiatae,  Martinet's  statements  on  this  point  may  be  mentioned '. 
The  riandular  hairs  possess  : 

I.  A  unicellular  head.  External  glands  of  this  type,  having  a  short  stalk  of  from 
one  to  three  cells,  occur  in  the  following  species  :  Lamium  kmgifiorum^  Lavandula 
vera,  L,  lanaia,  Milissa  officinaJis,  Mentha  citraia^  Manarda  didyma^  Ocimum  basiii' 
cum,  Rosmarinus  officinalis.  Salvia  elutinosa,  Satureja  moniana,  ScuUUaria  alpina  and 
Thymus  vulgaris,  A  longer  bicelluiar  stalk,  composed  of  a  long  basal  cell  and  a  short 
neck-cell,  is  found  in  Horminum  pyrenaicum,  Lophanthus  chinensis.  Salvia  Grahami^ 
SidrrHis  hirstUa,  and  others.  Still  longer  stalks,  though  similarly  umseriate  and  pro- 
vided with  a  short  neck>cell  at  the  apex,  occur  in  Ajuga  pyramidalis,  Lophanthus 
chinensis.  Salvia  chionantha  and  5.  eluHnosa. 

II.  A  bicelluiar  head.  Glandular  hairs  of  this  type  are  very  common  amongst 
the  Labiatae  ;  in  some  cases  they  have  quite  a  short  stalk  of  eiUier  one  or  two  c^ls 
(species  of  Dracouphalum,  Elsholizia,  Hyssopus,  Lavandula,  Lophanthus^  Nepeta^ 
PtriUa,  Salvia),  A  longer  bicelluiar  stalk,  in  which  the  upper  cell  is  developed  as 
a  neck-cell,  is  found  less  commonly  in  these  glandular  hairs  {Stachys  italica.  Salvia 
glutinosa) ;  a  still  longer  stalk  is  even  rarer  {Ballota  hirsuta  and  Scutellaria  alpinay 

III.  A  head  consisting  of  four  cells.  These  glandular  hairs  are  very  widely  dis- 
tributed and  invariably  have  short  stalks.  In  some  cases  they  produce  abundant 
secretion,  which  accumulates  beneath  the  cuticle.  They  may  either  be  the  only  type 
of  hair  found  in  a  species,  or  they  may  be  accompanied  by  other  glandular  hairs  with 
heads  composed  of  more  numerous  cells  ;  the  nrst  of  these  alternatives  applies,  for 
example,  to  Salvia  Grahami,  Lamium  album,  Teucrium  betonicum,  Stachys  hysantina^ 
Liucas  martiniccnsis,  Ballota  hirsuta,  Galeopsis  Ladanum,  Marrubium  leonuroides  and 
Septta  tuberosa. 

IV.  A  head  composed  of  eight  cells.    Such  glandular  hairs  are  also   fre- 

auent  amongst  the  labiatae,  and  mostly  have  very  short  stalks  ;  some  of  them  are 
ifierentiatcd  as  bladder-like  integumental  glands.  They  are  not  infrequently  sunk  in 
small  pits  on  the  surface  of  the  organ.  Glandular  hairs  of  this  type,  but  having  longer 
H talks,  comooscd  of  a  lone  stalk-cell  with  or  without  short  neck-ceUs,  are  rare  (Lava n- 
dula  multifida.  Salvia  triloba). 

V.  A  head  of  sixteen  or  a  still  larger  number  of  cells.  Hitherto  these  glandular 
hairs  have  not  often  been  met  with  amongst  the  Labiatae.  Where  they  occur  they 
cither  have  a  short  or  a  very  long  stalk  ;  twth  kinds  occur  in  species  of  daUopsis  and 
SctUsUarta. 

It  may  be  added  that  the  Icaf-teeth  sometimes  show  glandular  diflferentiation ; 
e.g.  according  to  Reinke  in  Lamtum  album,  in  which  colourless  mucilage-containing 
p>arenchyma  occurs  in  the  tips  of  the  teeth  together  with  the  termination  of  a  vein, 
and  the  epidermis  lying  above  the  latter  contains  a  group  of  stomata. 

The  nbrovascular  system  of  the  petiole  varies  greatly.  Commonly  two  vascular 
bundles  enter  the  petiole,  but  they  soon  coalesce  to  form  a  single  bundle  ;  in  other 
cases  there  is  an  arc  of  vascular  bundles,  their  number  being  odd  or  even  ;  more 
nuely  the  two  vascular  bundles  or  a  single  bundle  may  traverse  the  entire  petiole. 
A  ring  of  bundles  does  not  occur  in  the  petiole  in  any  member  of  the  Order. 
For  details  see  Petit,  and  especially  Briquet,  who  gives  a  aetailed  description  of  the 
structure  of  the  petiole  and  tnc  midrib  of  the  leaf  in  Uie  Labiates  of  the  Mantime  Alps '. 

3.  Structvre  of  the  Axis.  The  structure  of  the  axis  has  been  ex- 
amined in  special  detail  by  Bom  ;  that  of  the  Labiatae  of  the  Maritime  A]|)s 
has  also  been  investigated  by  Briquet. 

In  all  the  members  of  the  Order,  and  even  in  the  herbaceous  forms,  the 
mass  of  zylem  is   traversed  by  medullary  rav's  which  are  mostly  narrow; 


*  Fvtbrr  lUtemenu  on  thii  nibject  cootaincd  in  the  litermtore  mre  omitted,  liiicc,  omiag  to  the 
lam  fiM  of  the  Order,  tbcir  csomcrmtion  does  oot  tlTord  •  complete  recotd. 

'  Speciet  of  the  ffcoert  Mentha,  Aju^,  Ly<0fm,  Tnurimm,  ScmieUaria,  CmUefsis,  ^esman'mm, 
finrnt/la,  Stmtkys,  HatUtm^  Drtuoctphaimm,  Lamium,  Lmmmrus,  Sideriiii,  Marrmhimm,  Aeftia^ 
Mtliisa,  ii/tse^,  MtHttis,  Satmrtja,  Citchema,  Lavamdula,  Herminmm,  Origammm,  Sahim  aiKl 
rkymm. 
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more  rarely  {Monarda  mollis^  L.,  Pkhmis  fruiicosa^  L.,  PUctrantkus  fruiicosus, 
L'Hdrit.,  Salvia  officinalis,  L.)  some  of  them  are  five  or  six  cells  in  breadth ;  their 
cells  are  generally  elongated  in  the  vertical  direction.  The  vessels  are  not  large 
(maximum  diameter  »  -03—05  nrni.).  The  perforations  are  mostly  simple  ; 
only  in  Cymaria  elongaia,  Benth.  have  additional  scalariform  perforations 
been  observed  in  the  secondary  wood  ;  the  bars  in  this  case  run  at  riffht  angles 
to  their  usual  direction.  In  contact  with  parenchyma  of  the  medullary  rays 
the  walls  of  the  vessels  either  bear  bordered  pits  only,  or  (e.g.  in  species  of 
Salvia,  Prosianihera,  Westringia,  Teucrium)  both  bordered  and  simple  pits.  Spiral 
thickening  occurs  very  conunonly,  but  is  almost  always  confined  to  the  walls 
of  the  narrower  pitted  vessels  and  tracheids  (e.g.  in  species  of  Prasium,  Pro- 
sianthera,  Rosmarinus,  Salvia,  SiderMs,  Teucrium,  Thymus,  Weslringia) ; 
more  rarely  it  is  also  found  in  the  vessels  with  wider  lumina  {ProslatUkcra 
roiundifolia,  R.  Br.,  Weslringia  longifolia,  R.  Br.  and  W,  rosmariniformis, 
Sm.).  The  wood-parenchyma  is  not  abundantly  developed.  The  wood- 
prosenchyma  app^rs  to  have  simple  pits.  Septation  of  the  lumen  in  the 
wood-fibres  is  mentioned  by  Bom  as  occurring  in  species  of  PUctranihus^ 
Coitus,  Hyptis,  Lavandula,  Gomphostemma,  PhyllosUgia,  Prasium  and  Pago- 
sieman. 

The  cortex  is  especially  distinguished  by  the  freauent  and  often  exten- 
sive development  of  collenchyma.  Four  subepidermal  strands  of  this  tissue 
situated  in  the  four  angles  of  the  stems  and  branches  are  typical  of  the  Order  ; 
they  originate  from  special  strands  of  meristem.  The  collenchyma  is  only 
rarely  aosent  (in  Wesirin^  rosmariniformis,  Sm.,  W.  longifolia,  R.  Br.  and 
Prostanthera  roiundifolia,  K.  Br.).  In  the  individiial  species  the  four  bundles 
of  collenchyma  exhibit  different  aspects  in  transverse  section.  In  some  cases 
{Horminum  pyrenaicum,  L.,  Leonurus  Cardiaca,  L.,  Lycofms,  &c.)  additional 
smaller,  subepidermal  strands  of  coUenchyma  arise  between  the  coUenchymatous 
bundles  in  the  comers  and  unlike  the  latter  they  are  differentiated  secondarily 
from  the  cortical  parenchyma  ;  in  other  cases  a  peripheral,  closed^  coUenchy- 
matous ring  is  found  in  the  primary  cortex  {Pledranthus,  CoUus,  PogosUmon. 
CoUinsia,  PhyllosUgia),  With  increase  of  age  the  cells  of  the  collenchyma  some- 
times {Salvia  interrufta,  Schousb.,  Monarda  rugosa.  Ait.,  Prasium  majus,  L.,  &c.) 
become  converted  into  sclerotic  cells.  In  its  remaining  stmctural  features 
the  primary  cortex  shows  variation.  In  the  genus  Lavandula  it  produces 
palisade-parenchyma  ;  in  Marrubium  vulgare,  L.,  thepart  of  the  cortex  situated 
between  the  angles  of  the  stem  is  differentiated  mto  an  outer  layer  con- 
taining chlorophyU,  a  middle  coUenchymatous  layer  and  an  inner  band  again 
containing  chlorophyU ;  lai|;e  interceUuIar  spaces  are  found  in  the  primary  cortex 
in  species  of  BruneUa  slug  Siachys,  whilst  an  irregular  hypodermal  layer  of 
large,  li^ified  cells  with  thick  walls  ocou^  in  Prasium  majus,  L.,  and  so  on. 
At  the  mtemal  margin  of  the  primary  cortex  an  endodermis  of  thin-walled 
cells  is  conunonly  present ;  its  cells  either  show  Caspary's  dots  on  the  radial 
walls,  or  are  completely  suberized.  OccasionaUy  the  endodermis  is  strengthened 
by  the  development  of  pericycUc  hard  bast,  which  in  this  case  is  generally 
present  in  small  quantity;  it  rarely  appears  on  the  outer  side  of  the  endodermis 
{Mentha  sylvestris,  L.,  Monarda  rugosa^  Ait.,  &c.),  more  conunonly  on  the 
inner  side  {Mentha  crispata,  Schrad.,  Scutellaria  peregrina,  L.,  &c.).  In  those 
members  of  the  Order  which  have  no  endodermis,  and  this  is  especiaUy  the 
case  amongst  the  woody  species,  the  pericyclic  hard  bast  is  usually  more  strongly 
developed,  but  is  very  variable  in  its  form  and  character.  A  transverse  section 
of  Lavandula,  which  belongs  to  this  category,  shows  four  weU-developed  semi- 
circular groups  of  hard  bast  external  to  the  four  vascular  bundles  correspond- 
ing to  the  angles  of  the  stem  ;  between  these  groups  there  are  smaUer  masses 
of  a  similar  nature  opposite  the  smaUer  vascular  bundles.    In  the  great  majority 
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of  the  species  without  an  endodermis  the  primary  hard  bast  occurs  in  the  form 
of  irregular  groups,  which  are  often  reniform  in  transverse  section,  the  concavity 
.sheltering  a  phloem-group  of  the  vascular  system.  If  one  takes  the  whole  Order 
into  consideration,  the  soft  bast  of  the  four  large  vascular  bundles,  corresponding 
to  the  angles  of  the  stem,  is  only  in  rare  cases  strengthened  by  connected  masses 
of  hard  bast  (species  of  Hyssopus^  Ocimum^  Phyllosiegia^  &c.),  and  still  more 
rarely  (species  of  Ajuga^  Cymaria,  Marrubium,  &c.)  do  we  find  a  continuous 
ring  of  primary  hard  bast '.  In  those  cases  in  which  the  development  of 
cork  takes  place  on  the  inner  side  of  the  primary  hard  bast,  the  latter  is  thrown 
off  Hith  the  primary  cortex,  and  new  groups  of  bast-fibres  are  then  sometimes 
{Rosmarinus  officinalis^  L.)  formed  on  the  inner  side  of  the  cork  by  sclerosis 
of  the  adjacent  cells  of  the  soft  bast  ;  in  Salvia  aegypiiaca,  L.,  the  same  pro- 
cess is  repeated  several  times,  so  that  a  number  of  zones  of  cork  and  bast-fibres 
alternate  with  one  another.  According  to  Briquet  sclerenchyma  consisting 
ot  rod-cells  occurs  in  the  secondary  bast  in  Ballota  fruUscens^  Woods. 

The  development  of  the  cork  varies.  It  is  formed  subepidermally  in 
CoUus  Wighlii,  Benth.,  Plcctranthus  fruiicosus^  L'H^r.,  Stachys  rugosa^  Ait., 
Leonurus  Cardiaca,  L.,  according  to  Bom,  and  in  Salvia  aurea^  Pogostemon  blec- 
tranthoides^  and  Sideriiis  canariensiSy  according  to  Petersen.  The  cork  of 
Sideritis  canariensis  is  lamellated  ;  first  a  few  layers  of  cork-cells  are  developed 
trom  the  subepidermal  layer ;  then  the  cork-cambium  ceases  to  be  active, 
and  the  second  cell-layer  of  the  primary  cortex  gives  rise  to  a  second  cambiiun^ 
which  forms  another  cork-lamella,  and  so  on.  According  to  Petersen  the  cork 
is  developed  in  the  middle  of  the  primary  cortex  in  Phhmis  tuberosa^  whilst 
m  Hyssctpus  officinalis^  L.  its  position  is  immediately  external  to  the  endo- 
dermis, according  to  Briquet,  Petersen  has  described  pericyclic  development 
of  cork  internal  either  to  the  endodermis,  or  to  the  primary  groups  of  hard  bast» 
in  sixKries  of  BaUota^  Lavandula,  Micromeria,  Origanum,  Rosmarinus  and 
SphaceU ;  the  same  feature  was  observed  by  Bom  in  species  of  Leonatis^  PUc- 
tninikus,  Prasium,  Salvia,  Stachys  and  Teucrium,  and  by  Briquet  in  species 
c)t  Satureja  and  Sideritis,  According  to  Bom,  Thymus  vulgaris,  L.,  T,  viuosus^ 
L.,  T.  pannonicus.  All.,  Origanum  Majorana,  L.,  O.  Oniies,  L.,  and  Saiureja 
Thytnbra,  L.,  exhibit  a  special  mode  of  cork- formation  without  the  develop- 
ment of  a  phellogen  ;  in  these  sp)ecies  the  cells  situated  on  the  inner  side  of 
the  suberized  endodermis  gradually  undergo  complete  suberization,  the  pro- 
cess commencing  in  the  cells  next  the  endodermis  and  advancing  towards  the 
rainhium. 

The  course  of  the  vascular  bundles  in  the  stem  of  the  Labiatae 
may  be  described  as  follows  (for  details  see  Nageli,  GuiUard  and  Briquet). 
From  each  leaf  two  vascular  bundles  usually  enter  the  stem,  where, 
diverging  from  one  another,  they  pass  down  through  the  next  intemode  in 
the  two  angles  of  the  stem  situated  on  the  right  and  left  of  the  leaf.  In  the 
next  intemode  they  mn  beside  the  leaf-trace  bundles  entering  the  stem  at 
the  >econd  node,  and  fuse  with  them  at  the  following  (third)  node.  It  may  also 
Ix-  mentioned  here,  that  according  to  Bonnier  old  stems  of  Thymus  vmgaris, 
L..  from  the  Pyrenees  (but  not  from  other  localities),  exhibit  strikingly  eccentric 
/^'rowth  in  thickness  and  subsequent  formation  of  new  strands  of  wood  and 
phloem  in  the  secondary  bast. 

The  pith  is  described  by  Briquet  as  being  homogeneous  in  many  members 
ot  the  Order  ;  in  the  herbaceous  species  it  conunonly  breaks  down. 

Ijtcratare:  Nageli,  Bdtr.  z.  wiss.  Bot.,  i.  Heft,  1858.— Kircbholf,  He  LabiiL  orj^.  xeg^  Div., 


'  Kegvdiog  the  distribution  of  endodermis  and  pericjcUc  hard  iNist,  which  is  generally  soeakinj; 
only  of  importance  for  specific  diagnosis,  see  Bora's  synopsis,  loc.  dt,  pp^  31-51  tad  Briquet,  Labiees 
Jc«  .\lp.  mar. 
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Bonn,  1 86 1,  31  pp.— Guillard,  in  Aduifonim,  t.  ▼iti,  1867-8,  pp.  i8ft-o8  mod  pL  U-x«~Haiiitcui . 
Han-  u.  Schleimabt.,  Hot  Zeit.  1868.— Stnsbmger,  in  Prinsilietm  JaLrb^  Bd.  ▼,  1867-8,  p.  58  afi«i 
313  et  MCI.  and  Tab.  xxxyiii.— Kaater,  Trkhomgeb.,  Denkidir.  Wiener  Akad.  1871,  lep.  copy,  pi*- 
4.6  and  Tab.  i.— Martinet,  Org.  de  ito^t,  Ann.  ic  nat^  wir.  (,  t  xJt,  187a,  p.  138  cC  teq.  and 
pi.  8-13.— Delbrouck,  PflanzcnsUch.,  Uansteio,  Hot.  Abb.,  ii.  Bd.,  i87«»  p.  29  ct  wq.— I*eterftcn . 
Cm  bark.  by^.  og  ttaengel.  OTcrg.  fra  prim,  til  lec.  vaext  boa  L.,  Bot.  Tidiikr.  1876^7,  pp.  1 1 1  jN 
and  Tab.  ii-iii,  French  resam^  pp.(a5)-(30).— Reinke,in  Pringibeim  TahrK,  Bd.  x,  1876,  pp-  >55  ^ 
— Areschoug,  Blad.  anat ,  Mineiikr.  Land  1 878,  p.  46  and  Tab.  vi  aocf  viii. — Hohad,  Sdoetionsarg  . 
.Sitz.-Ber.  wiener  Akad.,  Bd.  Ixzxiv,  Abt.  1,  1881,  d.  594.— Vetqnc,  Gamoptelct,  Ann.  ac.  nat  . 
s^r.  7,  t  i,  1885,  pp.  344-9  and  pL  15.— Solereder,  Holzstr.,  i88k,  p.  ao6. — RadlkoCer,  Darch^  i'.. 
SiU.-Ber.  Miinch.  Akad.  1886,  p.  336.— Bom,  VergL  tyit  Anat  d.  Steng.  d.  L.  etc..  Dim..  Berlin. 

1886,  ^i  pp.— Hoch,  Behaar.  nns.  L.  etc.,  Dist.,  Freiburg  i.  Br.,  1886,  pp.  9-36.— Votkoia,  Aegypc. 
Arab.  Wiiste,  1887,  pp.  135-7  and  Tab.  iv,  viii,  ix  and  rr.—Ticbirch,  Drfiiei  d.  L.  etc.,  Bert 
Centralbl.  1887,  iv,  p.  03.— Petit,  Petiole,  M^m.  Soc  sc.  phya.  et  nat.  de  Bofdcaox,  i^r.  3,  t.  it:. 

1887,  pp.  355-6a--C.  Sdunidt,  Behaar.  d.  L.  etc.,  I>isa.,  Freiborg  i.  Br.,  1888,  pp.  7  aad 65  et  to}. 
Bonnier,  Var.  de  la  itract.  da  Thymus  vulgaris.  Ball  Soc  bot  de  Fianoe  18B9,  p.  ccUiiv  ct  wq.- 
Brandxa,  Kech.  anat.  s.  1.  hybrides,  Compt  rend.,  t.  cxi,  1800,  p.  317  et  leq.  aad  Kevoe  de  bot.,  t.  i: 
1890,  p.  471  et  leq. — Lalanne,  Fenillcs  pereist.,  Act  .Soc.  Linn.  Bordeaux,  ler.  5,  t  it,  1890,  p.  71-- 
Briqaet,  Labieet  des  Alp.  marit,  3  parts,  Geneve  et  B&le,  1 891-5,  587  pp. ;  R^  d'one  OKSOogr.  do 
genre  GaUo^,  Thte,  Geneve,  i8qi,  30  pp.  and  Mooogr.  da  genre  Gmimftis,  Braxellca,  i89jt 
333  pp.,  especially  p.  193  et  tea.— rierbat,  Markstr.,  Bot  Centralbl  1894,  i,  p.  401  ct  aeq.— Briqoct. 
in  Natiirl.  Pflanxenum.,  iv.  Tdl,  Abt.  3a,  1895,  pp.  187-91. —Rnnell,  Oiaat.  mM.,  Abb.  tc  aal.. 


s^.  8,  t.  i,  1895,  PP-  335  ^<1  349* — Grevillias,  in  Engler,  Bot  Jahrb.,  Bd.  xxiii,  p.  76. — Vircho«. 
Blattxahne,  Arch.  d.  Pharm.  1896,  sep.  cop>',  pp.  5,  ao  and  38  et  leq. — WittUa,  Kjalkosalattaa  * 
Bot.  Centralbl.  1896,  iii.— Wanning,  Halofyt  Stad.,  K.  Danike  VkL  Selik.  Skr.  1897,  pi  186. 


PLANTAGINEAE. 

Of  the  three  genera  composing  this  Order,  PlatUago  and  LiioreUa  have 
been  investigated.  They  arc  specially  distinguished  by  two  feattires,  vu. 
(a)  glandular  hairs,  the  heads  of  which,  as  in  the  Labiatae  and  Verbenacear, 
are  mostly  divided  by  vertical  walls  only ;  (b)  a  stomatal  apparatus  exhibit- 
ing a  tendency  towards  the  Caryophylleous  type.  Other  features  of  import- 
ance for  the  diagnasis  of  the  Order  are  as  follows  :  oxalate  of  lime  has  not 
been  observed  ;  medullary  rays  are  not  present  in  the  wood  (even  in  the  shrubby 
species  of  PlatUago) ;  in  the  woody  species  of  Planlago  the  mass  of  xylem  in 
composed  of  vessels  with  small  lumina  and  simfde  perforations,  of  tracheids, 
and  of  wood-prosenchyma  with  simple  pits,  forming  the  greater  part  of  the- 
wood  ;  finally,  the  formation  of  cork  is  superficial.  The  occurrence  of  small 
medullary  and  cortical  cambiform  strands  or  vascular  btmdles  in  the  stem  <»t 
certain  species  of  PlatUago  is  speciaUy  noteworthy. 

The  anatomy  of  the  leaf  in  the  genus  PlatUago  may  be  described  as  follow^, 
on  the  authority  of  Vcsque.  The  leaf-structure  vanes,  being  often  centn< . 
especially  in  species  with  acicular  leaves  (e.g.  P.  arisUUa^  P.  Cynops  and  P.  511611- 
lata)^  but  also  in  P.  maxima^  whilst  it  is  bifacial  in  P.  latueciaia  and  P.  9m€d»4t 
The  stomata  occur  on  both  sides  of  the  leaf.  The  prevalent  type  of  stoma  i> 
that  found  in  the  Caryophylleae,  the  }>air  of  guard-cells  being  accompanied  by 
subsidiary  cells  olaced  transversely  to  the  pore  (P.  arisiaia^  P.  Cynops^  P.  latunf- 
lata,  and  P.  subulaia).  In  many  cases,  however,  and  sometimes  even  on  thr 
same  leaf,  the  Caryophylleous  type  is  more  or  less  obsctired,  but  P.  tmeiia  was  the 
only  species  where  Vesque  did  not  meet  with  a  single  stoma  in  which  the  type 
in  question  was  well  marked.  1  he  hairy  covering  in  the  species  of  PlatUago 
consists  of  simple,  tmiseriate  trichomes  (Fig.  153,  A-^B)  and  glamfalar  hair>. 
The  former  have  been  examined  in  detail  by  Cugini  and  Volkens.  They  ex- 
hibit a  series  of  variations  in  the  number,  length,  and  mode  of  coanexion  ot 
the  cells  forming  the  hair,  and  in  the  nature  of  the  surface,  thickness  of  thr 
wall  and  width  of  the  cell-lumen.  The  trichomes  may  be  either  composed  oi 
a  considerable  number  of  cells  or  of  only  a  few.    Hairs  with  few  oelK  consisting 
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only  of  one  or  two  short  basal  cells,  and  a  long  sword-shaped  terminal  cell,  are 
found,  for  example,  in  Plantago  ardica.  The  cells  of  the  nair  may  have  either 
thick  or  thin  walls ;  their  surface  may  be  smooth,  striated,  or  covered  with 
ponctiform  or  vermcose  prominences.  The  terminal  cells  are  not  unconunonly 
shorter,  and  have  considerably  thicker  walls  than  the  remaining  cells  of  the  hair. 
Tbe  mode  of  attachment  of  the  cells  of  the  hair  to  one  another  is  interesting 
in  certain  species.  In  most  cases  the  cells  are  separated  from  one  another 
by  cross-w*alls,  placed  at  right  angles  or  nearly  so  to  the  longitudinal  axis 
of  the  trichome.  In  P.  argenUa  (Fig.  153,  A),  JP.  lanuolala  and  P.  monlana^ 
however,  there  are  sympodial  trichomes  in  which  the  division-walls  between 
the  cells  of  the  hair  are  strongly  inclined,  the  inclination  being  always  in  the 
same  direction  ;  the  apices  and  bases  of  successive  cells  overlap  one  another 
for  a  short  distance,  and  this  too  always  takes  place  in  the  same  du'ection.  Even 
more  remarkable  are  the  trichomes  observed  by  Cugini  in  P.  kmceoUUa ; 
in  these  hairs,  which  occur  intermingled  with  other  forms,  the  contiguous 
ends  of  the  cells  are  forked  and  dovetailed  with  one  another.  In  the  trichomes 
which  \'olkens  found  in  P,  cylindrical  Forsk.  (Fig.  153,  B) 
and  P.  ovai4L,  Forsk,,  the  number  of  dovetailed  pro- 
longations of  the  cells  is  still  greater.  The  object  of 
this  arrangement  no  doubt  consists  in  the  establish- 
ment of  a  firm  connexion  between  the  frequently 
elongated  cells,  to  form  the  long  trichome.  In  the  case  of 
the  glandular  hairs  which  Vesque  observed  in  P,  Cynops^ 
P.  artnaria^  and  P.  media^  he  describes  a  uniseriate 
stalk  and  a  bicellular  head,  divided  by  a  vertical  waU. 
Cugini  figures  external  glands  in  P.  lanccolata  with  a 
sac-like,  ellipsoidal  head  possessing  vertical  and  hori- 
zontal di\Tsion-walls.  The  structure  of  the  petiole 
varies  greatly  in  the  species  of  Plantago^  and  it  will 
be  possible  to  make  use  of  it  for  special  diagnosis. 
The  vascular  bundles  of  the  petiole  are  isolated  in  all 
the  species  examined,  and  alternate  with  much  smaller 
bundJes,  both  series  together  forming  an  arc.  The 
number  of  larger  bundles  varies:  5  in  P.  lanceolata^ 
7  in  P.  nudia^  11-13  in  P.  maxima.  In  the  species  with  „.,j^p,^ 
large  leaves  each  vascular  bundle  has  the  shape  of  an  m*»;  ■. 
arc,  and  is  supported  above  and  below  by  mechanical  L!^'it«c«fiiri,  i-cOrifwiu.' 
tissue. 

The  following  account  of  the  foliage  leaf  of  LiUorella  lacusiris^  L.  is 
based  on  the  statements  of  Areschoug,  Kutsomitopulos  and  H.  Schenck. 
Three  vascular  bundles  traverse  the  mesophyll,  which  beneath  the  epidennis 
consists  of  one  or  two  fairly  dense  layers  of  cells*  containing  aoondant 
chlorophyU,  whilst  the  inner  portion  of  the  mesophyU  is  composed  of  a  net- 
work of  cells  with  less  chlorophyll.  The  polj^nal  air-cavities,  several  series 
of  which  are  irregularly  arranged  about  the  centre  of  the  transverse  section 
of  the  leaf,  are  separated  by  single  layers  of  parenchsrmatous  cells.  The 
epidermis  of  the  leaf  consists  of  narrow,  four-sided  ceUs,  elongated  in  the 
direction  of  the  veins.  In  the  land-forms  it  bears  numerous  stomata,  arranged 
in  longitudinal  rows,  on  both  sides  of  the  leaf ;  in  the  water-fanns  stomata 
are  rare.  The  stomata  of  LiitoreUa  show  at  least  some  indications  of  the 
Caryophylleous  type,  for  an  epidermal  cell  adjoins  each  of  the  narrow 
ends  of  the  pair  of  guard-cells.  The  occurrence  of  glandular  hairs  (Fig. 
153*  ^)  on  the  leaf  is  very  characteristic.  They  possess  a  very  short  basal  cell, 
on  which  the  trowel-shaped  head  is  inserted  ezcentrically  ud  borisontally ; 
the  head  is  divided  by  a  vertical  wall  paralld  to  its  shorter  diameter  into 
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a  posterior  smaller  cell,  seated  on  the  stalk,  and  an  anterior  larger  segment, 
which  becomes  further  subdivided  into  two  cells  by  a  vertical  wall  parallel 
to  the  longer  diameter  of  the  head. 

The  structure  of  the  stem  in  the  eenus  PlatUago  has  been  subjected  to 
a  detailed  examination,  especially  by  Kuhlmann.  The  constant  feature  in 
the  structure  of  the  wood  consists  in  the  absence  of  medullarv  ray  tissue. 
In  the  woody  PlatUago  Cynops  the  xylem  is  composed  of  vessek  with  small 
lumina  and  simple  perforations,  tracbeids,  and  principally  wood-filMes  bearing 
simple  pits '.  In  the  herbaceous  species  the  ground-mass  of  the  wood  as  a  rule 
consists  of  unlignified  parenchyma.  In  certain  species  (e.g.  PUniagq  media) 
the  outer  portion  of  the  ring  of  bast  is  thickened,  but  not  lignified,  and  serwes 
as  mechanical  tissue.  In  PlatUago  Cytwps  it  consists  of  lignified,  elongated, 
^renchymatous  cells.  In  the  annual  species,  such  as  P.  aretmria  and  P. 
PsyUium^  the  vascular  ring  is  surrounded  by  a  sclerenchymatous  zone,  com- 
posed of  two  or  three  layers  of  lignified  and  strongly  thickened  bast-fibres. 
The  formation  of  cork  usually  commences  in  the  outermost  ceQ-layer  of  the 
primary  cortex,  but  in  P.  Cytuyps  at  a  depth  of  four  or  five  layers  beneath 
the  epidermis.  The  following  special  anatomical  feattues  are  found  in  the 
stem  of  species  of  PlatUago :  medullary  and  cortical  bundles  of  cambiform  tissue. 
the  development  of  bark,  and  the  occurrence  of  stone-cells  in  the  ground- 
tissue.  Both  medullary  and  cortical  cambiform  strands  (Sanio,  Kuhlnunn) 
occur  in  P.  ttiajor  and  P.  media^  cortical  strands  only  in  P.  UmceoUUm,  The 
cambiform  strands'  consist  of  long  and  narrow  cells  with  abundant  protoplasm ; 
they  appear  to  contain  no  sieve-tubes.  The  bundles  are  of  secondary  origin* 
and  are  connected  with  one  another,  but  not  with  the  bundles  of  the  vascular 
ring.  In  speciaUy  strong  root-stocks  of  P.  major  and  P.  wMm  the  cambi* 
form  strands  become  transformed  into  vascular  bundles,  consequently  they 
may  also  be  described  as  reduced  vascular  strands.  Here  we  may  mention 
the  statements  of  Reiche  and  Harms  that  cortical  vascular  bundles  and  medul- 
lary phloem-bundles  occur  in  P.  fematidexia^  Bert.  The  devek^sment  of 
bark  has  been  recorded  by  Kuhlmann  in  P.  ttuurUima^  P.  alpinm^  P.  ainUm  and 
P.  Corottopus;  it  may  be  either  ring-  or  scale-bark.  The  same  author  mentioas 
the  occurrence  of  nests  of  stone-cells  in  the  pith  and  outer  cortex  of  P.  lanceo* 
lata,  and  in  the  pith  of  P.  tttotUatta  and  P.  saxaHlis^  and  that  of  a  few  stone-cell> 
in  the  pith  of  P.  victorialis  (cf.  also  Dutailly,  loc.  cit.). 

A  transverse  section  through  the  small  stem  of  LiUorMa  laattiris  shows 
a  ring  of  vascular  bundles,  large  schizogenous  intercellular  spaces  in  the  primary 
cortex  and  subepidermal  development  of  cork. 


Literatare :  Cogini,  Peli  del  gen.  PUmtaf^o^  Nnor.  Gkmi.  bot  ItaL,  voL  U,  1^77,  pp.  fta-^oaftd 
Tav.  iv-vi— De  Bary,  Vergl.  Anat.  i877.~Aresdioag.  Blad.  aaat,  llhwwtdrT.  Land,  1S78,  pp.  14s  4 
and  Tab.  Yi-vii.— DiitaillY,  Moelle  det  Plantains,  Boll.  Soc.  Lion.,  Pant,  1878,  p.  t8o  aad  Appsnt. 
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PMaozenfam.,  iT.  Teil,  Abt  3  b,  1895,  pp.  363- 

p.  Si.— Wanning,  Halofyt  Stud.,  K.  Danskc  \ 

\  crgl.  Anat.  d.  Gatt  Plantago,  Engler,  Bot.  Jahrb.,  Bd.  xxt.  i8^,V*  *9^  ^  *^*1 


»5»  PP-  363-5— ^'c^Uina,  in  Eagler,  Bot.  Jakrik,  Bd.  naii.  1S96. 
.  Danskc  Vid.  Selsk.  Skr.  1897,  pp.  186,  i^  aad  193.— (Rilccr, 


*  The  sutement  of  KatsomHopnlos,  that  the  wood  of  P,  Cjmtfs  comb^  of  f«ndt  md 
only,  is  incorrect 

*  Dntailly  incorrectly  describes  them  as  *  r^sean  de  caaanx  sto^tcfi  k 
pherique.* 
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